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TRANSFER OF ARTERIAL HYPERTENSION BY SPLENIC
CELLS FROM DOCA-SALT HYPERTENSIVE AND RENAL
HYPERTENSIVE RATS TO NORMOTENSIVE
RECIPIENTS

FINN OLSEN

losutute of Hygiene Unsversuty of Copenhagen Denmark
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CELLS FROM DOCA-SALT HYPERTENSIVE AND RENA
HYPERTENSIVE RATS TO NORMOTENSIVE
RECIPIENTS
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Olsen & Rasmussen 1977) Finally, y has been
suggested that the chrome phase of experimental
DOCAsalt hypertension and renal hypertension 1n
mice 15 thymus dependent (Svendsen 1976 1917

The amm of the present study was to Inestigate
whether 115 posgjble to transfer arter)a hyperten
sion by splenic cells from hypertensive fats 1o
normotensive rats

MATERIAL AND METHODS
Ammals Genencalty Wenucal s ¥y (g X B\)
hvbrias of both BEXES Were tsed Werght arour 225



Anaesthesta A solution of bitone sodium
(Amytal®) 25 mg/ml was injected intraperitoneally 1n a
dose of about ), ml per 100 g body weight

Measurement of the blood pressure was performed by

nor rats 175 million splenic lymphocytes
about 95% of which were alive were njected intrave

nously 1nto each of the seven normotensive recipients
Group VI The hearts and hidneys from three
nor controls were d histolo

a nonnvasive method applied on the tatl of
zed amimals The principle of this method s based upon a
photoelectric device described n detail by Palbal &
Henningsen {1979) The precision of the method was =
2% when compared to a simultaneous invasive measure
ment performed with a needle placed 1n the common
carotid artery

A Hypertensne Donors of Splemsc Cells

Group I Desox corticosterone acetate (DOCA) salt
hypertension was nduced 1n 9 rats by subcutaneous
injections of Percorten M® 1n a weekly dose of 12 %-25
mg and 1% salt in the drinking water The rats were
used as splenic cell donors when they had been
hypertensive for about three months meanng that their
blood pressure had exceeded 140 mm Hg for at least
three months At this time the four rats with the highest
hypertensive levels were killed with ether and the spleen
was removed immediately thereafter The pooled splenic
cells were washed three times in Eagles mimmum
essential medium and finally suspended 1n about 5 ml of
this medium to which was added rat serum protein
{10%) pemciliin (100 IU/ml) and streptomycin {100
pg/ml} About 95% of the splemc lymphocytes were
alive at the time of the intravenous mpection 1nto the
normotensive recipients

Group I One week after umlateral nephrectomy had
been performed under amylobarbitone sodum anaesthe
s1a renal hy pertenston was induced 1nt six rats by partial
mfarction of the remaimng kidney by ligation of a
branch of the renal artery These rats were used as
splenic cell donors when they had been hypertensive for
about three months At this ime the four rats with the
highest hypertensive levels were used as splemc cell
donors 1n a similar way as described above for the
DOCA salt hypertensive donors of splenic cells About
95% of the splenic lymphocytes were alive at the ume of
the intravenous mjection 1nto the normotensive recipt
ents

B Normotensne Recipients of Splemic Cells from the
Hypertensne Donors

Group HI Reciprents of splome cells from DOCA salt
I persensive donors Seven rats were hihtly anaesthetized
with amylobarhitone sodium Thereafter a polyethylene
catheter was placed in the femoral vein and a 1al of
about 180 millton splemic lymphocytes were injected
ntravenously 1nto each recipient

Group IV Reciprents of splemic cells from renal
Iy pertensne donors Six rats were treatud as mentioned
above for the recipients 1 group I and each was
mjected intravenously with about 170 mullion splemic
lymphocytes

C Control Rats
Group V Seven rats were hightly aniesthetized with
Yy bitone sodium and a poly catheter was
placed n the femoral vein as described above From four

gically

D Shin Test

Six common carotid artertes were removed [rom three
rats genetically identical with the rats of groups 1l and
V' The carotrd arteries were cleaned for blood and
fter h d by pestles for about
ten minutes at 4 °C The homogenate was suspended 1n
about 5 mi of Hanks buffered salt solutton and stored
overnight a2t 4°C  The homogenate was njected
intracutaneously 1na dose of 0 | m! into the back of the
rats of group IT1 when the blood pressure measurements.
in these rats had been discontinued 1¢ about six months
after the transfer of sptenic cells from DOCA salt
hypertensive rats The result of the skin test was read
after 24 hours (Breendstrup et al 1975) The skin test on
the control rats 1n group V was performed about six
months after the transfer of splenic cells when their
blood pressure measurements had been discontinued
The result was read after 24 hours and immeduately
therealter the rats were Killed

Microscopical preparations The heart and kidney
from the rats of groups IV and VI were fixed 1n 4%
formalin embedded 1n paraffin cut nto sections five
nucrons thick and stamed with haematoxylin eostn A
total of 120 sections from each heart and kidney were
examined under the light microscope

RESULTS

A Hypertensne Donors of Splenic Cells

Group I (Rats treated with mgections of DOCA
and 1% salt 1n the drinking water) The hyperten
sive effect of the treatment with DOCA salt 18
shown m Fig 1 The rats developed arterial
hypertension about 3 months after the treatment
was started and remained hypertensive during the
next three months At that time they were
sacrificed the spleen was removed and the splenic
cells were transferred to normotensive recipients
The mean blood pressure 1n the four donor rats was
160 mm Hg

Group {I (renal hypertensive rats) The hyperten
stve effect of the partal infarction of the kidney 1s
Mustrated 1 Fig | which shows that the rats
developed artertal hypertension about 2 months
after hgation of a branch of the renal artery The
hypertension was maintained during the next three
months At that time the rats were sacrificed the
spleen was removed and the splenic cells were
transferred to normotensive recipients The mean
blood pressure In the four donor rats was 153 mm

Hg



e
o
—0
e \’/'
%2
120, e e =
L
§
*

1 2 3 E SMONTHS
#ig ¢ The deselopmenc of arerial hypertension 10 the
donor rats of splenc cells. Abscisss Months afier
Wt af treatnent sath DOCA-salt (O and after
parual misrcton of pné kidney and

developed artena) hypertension i the course of the
Gast thoath after the transfer of splec cells and the
hypertension persisted throughout the observanon
petod which was about Six months Tae mean
blood pressure durg the observation penod Tanged
from 140 to 148 mm Hg The highest mdividual
levels in the recipient fats were 180 mm ¥ig n one
at and 150 mm Hg 1 another two One
fiypertensve rat died w the middle of the observa
uon perod Five of the remaming Six rats were
fiypertensivé throughout the observation period t&
therr blood pressure excesded 140 mm B The
increase i blood pressure after the trapsfer of
spletuc cells to the normotenssve recipients was
stgnificant 1 comparison to the recipients blood
qressure before the transfer of the spienc cells and
to the control rats 10 group V {p < 0 00) v 151

Group IV (Recyments of splenc ce}ts Srorn renat
hypertensive donors) The effet on the blood
gresqure af transferring splenic ¢ells from the renal

nephrectomy (@) Ord nate Mean blood pressure
‘The hatched area yndicates the blood pressure levels in
normotsasive control rats

B Recpients of Splemtc Celfs from Hyperten:

Y donors 1o the nor recipients
1 set out 10 Fig 2 The blood pressure sn the
Tecipents mereased to bordarhine hypestensne levels
1n e course of the first three months afier the
transfer of splemic cells Dunng the next three
months the biood pressure mcreased foriher 10

Danars

Group HI (Recipients of splente cells from
DOCA-sait hypenensive donors) The effect on the
blood pressure of transferring splemc calls from the
DOCA-salt hypertensive donors 1o the normoten
stve rectpients 1s presented o Fig 2 The recipents

2§ 4 o

Fg  The deselopment of arteral hypestencion in the
15C prentt r305 after ransfer of splenc celts Abeyssr
Mucths after transfer of splenr. cells from DOCA salt
Hypertens ve donory (O} and renal by pertens ve dorors
182 Ot azte Mcan blood pressure ¥ SEA

The Ratched area ind cates the bjood pressure
vnireated normotensive coniro) rztt \lean vatue 1n the
vonirol rats |15 mm fig * SEM

Jevels. The mean blood
pressure dupmny the total observation period ranged
from 140 10 147 mm Hg The highest individual
blood pressutes i the reciprent rats weee Y30 mm
Hg in one rat 155 mm Hg agd {50 mm Hg i two
and 145 mm Hg i another two By definiteon five
of the si¢ sectpients developed artertaf hypenension
The inerease n blood pressure after the transfer
of splense cells to the normotensive recipients was
significant 1 comparison with the reciprents blood
pressure before the transfer of splenic cells and wah
the control fats m group Vv (p < 0001 u test)

€ Controf Rats

Group ¥ (Recipents of sglemic cells from
Wmmmnsve bowrsy TIrnsier of splensc cells
from normotensive rats to Normatensive recipients
@i not change the sesprents blood prassure They
remamed normotensive at the same level as before
the Gansfer of splemc cells throughour the erx
fmonths observauon period

D Skin Text

The resuls of skiz tests  performed with
homogenzed common earotid 2rienies on the rats 1in
group M) are hsted 4z Table 1 Inracutaneons
injection of the homogenized anenal vessels tesul
g n an unmstakable skin infiliauon afier 24

TS

No 1nfiitration ®as found w the o V s

-



Anaesthesia A solution of amylobarbitone sodium
(Amytal®} 25 mg/ml was injected intraperstoneally 1n a
dose of about }; mi per 100 g body weight

Measurement of the blood pressure was performed by

normotensive rats 175 million splenic lymphocytes,
about 95% of which were alive, were njected intrave.

nously into each of the seven normotensive recipients
Group VI The hearts and kidneys from three
nor controls were d histolo

a nominvasive method applied on the tar] of
zed amals The principle of this method 1s based upon a
photoelectric device described 1n detal by Palbal &
Henningsen (1979) The precision of the method was +
2% when compared to a stmultaneous 1nvasive measure-
ment performed with a needle placed 1n the common
carotid artery

A Hypertensive Donors of Splenic Cells

Group 1 Desoxycorticosterone acetate (DOCA)-salt
hypertension was induced 1n 9 rats by subcutaneous
myections of Percorten M® 1n a weekly dose of 12 %-25
mg and 1% salt in the drinking water The rats were
used as splenic cell donors When they had been
hypertensive for about three months meaning that their
blood pressure had exceeded 140 mm Hg for at least
three months At this tume the four rats with the highest
hypertensive levels were killed with ether, and the spleen
was removed immediately thereafter The pooled splenic
cells were washed three times in Eagle's minmum
essential medium and finally suspended 1n about 5 ml of
this medium to which was added rat serum protemn
(10%) penicillin (100 1U/m1) and streptomycin (100
pg/ml} About 95% of the splentc lymphocytes were
alive at the time of the ntravenous njection mnto the
normotensive recipents

Group Il One week after unilateral nephrectomy had
been performed under amylobarbitone sodium anaesthe-
sia, renal hy pertension was induced 1n six rats by parttal
ifarction of the remaiming kidney by ligaton of a
branch of the renal artery These rats were used as
splensc cell donors when they had been hypertenstve for
about three months At this time the four rats with the
highest hypertensive levels were used as splemic cell
donors 11 a similar way as described above for the
DOCA-saft hypertensive donors of spfenic ceffs About
95% of the splenic lymphocytes were alive at the time of
the 1travenous injection 1nto the normotensive rectpi-
ents

B Normotensne Recpients of Splemic Cells from the
Hypertensnve Donors

Group HI Reciprents of splenic cells from DOCA-salt
Iy pertensive donors Seven rats were lightly anaesthetized
with amylobarbitone sodium Thereafter a polyethylene
catheter was placed 1n the femoral vern and a total of
about 180 mullion splenic lymphocvtes were 1njected
intravenously mnto each recipient

Group IV Reapients of splense cclls frem renal
hypertensie donors Six rats were treated as mentioned
above for the recipients i group Il and each was
injected 1ntravenously with about 170 million splenic
lymphocytes

C Control Rats
Group V Seven rats were hightly anaesthetized with
¥ bitone sodwim and & pol; ylene catheter was
placed 1n the femoral vein as described above From four

P

greally

D Skin Test

Six common carotid artenies were removed from three
rats genetically identical with the rats of groups III and
V  The carotid artertes were cleaned for blood and

fter h by pestles for ahout

ten minutes at 4 °C The homogenate was suspended 1n
about 5 ml of Hanks' buffered salt solution and stored
overnight at 4°C The homogenate was injected
intracutaneously, i a dose of 0 1 m, into the back of the
rats of group 111 when the blood pressure measurements
10 these rats had been discontmued, 1 ¢ about six months
after the transfer of splenc cells from DOCA salt
hypertensive rats The result of the skin test was read
after 24 hours (Brandstrup et al 1975) The skin test on
the contro! rats 1n group V was performed about six
months after the transfer of splenic cells when ther
blood pressure had been
The result was read after 24 hours and immediately
thereafter the rats were killed

Microscopical preparauons The heart and kidney
from the rats of groups IV, V and VI were fixed in 4%
formalin embedded n paraffin cut into sections five
microns thick, and stained with haematoxylin-eosm A
total of 120 sections from each heart and kidney were
examined under the light ricroscope

RESULTS

A Hypertensie Donors of Splenic Cells

Group I (Rats treated with mmjections of DOCA
and 1% salt in the drnking water) The hyperten
sive effect of the treatment with DOCA-salt 1s
shown in Fig | The rats developed artersl
hypertension about 3 months after the treatment
was started and remamed hypertensive during the
next three months At that time they were
sacnificed, the spleen was removed, and the splenic
cells were transferred to normotensive recipients
The mean blood pressure i the four donor rats was
160 mm Hg

Group I/ (renal hypertensive rats) The hyperten-
sive effect of the partial nfarction of the kidney 18
dlustrated m Fig | wiich shows that the rats
developed artersal hypertension about 2 months
after higation of a branch of the renal artery The
hypertension was mamtatned during the next three
months At that ume the rats were sacrificed, the
spleen was removed and the splenic cells were
transferred to normotensive recipients  The mean
blood pressure 1n the four donor rats was 153 mm

Hg



111 and negative 1 the controls group V) and the
Tustalogical examinavons of sinalh aseses and
anteroles demonstrated findings which could accord
with 2 DHS reaction agawst these vessels Thus the
results west v agréement wath the hypothests that a
DyS-respitse sgamst the walls of arteries and
arteriofes could be responsible for the postuve
transfer of artersal hypertension from hypertensive
aymals to normofensive reciprents

The fustolog:cal examzauons of the kidneys and
the bearts demonstrated many artenal vessels with
thyckened walls and consequently narrowsd lumina
This morphologscal change of the artenial walls was
apparently caused by exudanon of plasma mto the
wegel walls rather than by hypertrophy of the
turyca media The exudative changes of the arterial
walls tould be <econdary 1o the artenal hyperten
siop but it seems unhkely fhay the hypenension
alore was responsible for the exudatsve changes
bBecause the hypertension was mild and it had
continued for several months Possibly, hyper
trophy of the tunica media Would have been the
natara) reaction of the arterial walls 1o this ymig and
chromg artertal hypertension (Grese 1966)

The wfiftration of mononuclear el mnto the
artetial walls found both m walls with exudative
<hafiges and n walls which appeared normal ip the
lght microscope may be interpretated as a DHS
reaction agatest components of the vessel walls The
observation that mononuclear cells tnfiirated appa
rently normal arterial walls could indicate that an
mmunological reaction of the delayed type repre
sents a primary stage 1n the morphologscal change
of the artenal vessels

In the light of the present and previous resulty
{Olsen 1970 1971 Svendsen 1973 1975 1976)the
foliowing hypothess 18 advanced n explanaton of
the transfer of arterial hypertension by spletuc cells
Irom DOCA saft hypertensive and fenal hyperten
siv¢ donors 10 nofmotensive rectpients An immu
nofogical reacuon of the delayed type directed
2gamst e arienal walls s transferred by the
splece cells from the hypertensive donors to the

rectpients This ypersen
Sty may cause an 1ncreased permeability of the
arterial walls to plasma components resultng tn a
tickening of the arteria] walls and consequently
narowed fumma When the Jumima of small
arteries and artenioles are narrowed penipperal
resistance to blood flow increases and antenal
hypertension results

The mentioned hypothests may explam the
development of somme cases of essentu) hypertenstan
n pauents The observations of DHS-reactions

agamst components of artenal walls n patients
sufterog from borderline essential hyperiension
(Olsen & Rasmussen 1977)1s m agreement with this
hypathesis

NSRRI
Tise author 15 vecy thankful to the Unwversity Istutute for
Experymental Immunology Copenbagen Tor supplytog
the sptemc cells
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TABLE | Cutancous Infiltration Measured in mm

Found in the Rats in Groups II and V, 24 Hours afrer the

Intracutaneous Injection of Homogenized Common Caro-
1id Arteries

Group 1T
Cutaneous mfiltration
Rats Gn mm)
No 8
No 2 9
No 3 1o
No 4 12
No § o
No 6 2
Group V
Cutaneous infiltration
Rats {in mm)
No 1 0
No 2 0
No 3 0
No 4 0
No § 0
No 6 0
No 7 0
after it of h d com

mon carotid arteries (Table 1)

Microscopical examunations The histological pre
parations of the kidneys and the hearts from the rats
of group IV showed many small arteries and
arterioles with thickened walls and narrowed
lumina The ratio fumen wall was decreased 1n
relation to normal artersal vessels {group VD) In
most cases the cause of this decreased ratio seemed
to be exudative changes 1n the vessel walls and to a
fesser degree hypertrophy of the tunica media
Thus an increased insudation of plasma seemed to
have taken place 1nto these vessel walls which also
was supported by the finding of red blood cells
deposited 1n the tumeca media of some arterial
vessels  Furthermore mononuclear cells were
found to infiltrate 1nto many artersal walls This
mononuclear infiltraton was observed both into
vessels with greatly thickened walls and vessel watls
which were morphologically normal under the litht
microscope The number of infiltrating mono
nuclear cells ranged from 3 4 to numerous

None of the rats m group V showed thickening of
artersal walls 1 the kidney o the heart No red
blood cells or mononuclear cells were found in the
arterial walls The histological findings 1n this group

were like those 1 all three normal untreated rats
{group Vi}

DISCUSSION

The results show that 1t was possible to transfer
arterial hypertenston framt DOCA salt hypertensive
and renal hypertensive rats to normotensive rats by
splenic cells The results of the transfer experiments
from renal hypertensive rats to normotensive
recipients are in agreement with those reported by
Okuda & Grollman (1967) who succeeded
transferring renal hypertension to normotensive
recipients by lymph node cells
A new aspect 1 the present study 1s the posiwve
transfer of DOCA-salt hypertenston to normoten
sive recipients by splenic cells The hypertensive
mean value in groups Il and IV was unquestio
nable, but the hypertension was of the benign type
The mean value did not exceed 148 mm Hg duning
an observatton period of six months after the
transfer of splenic cells While the hypertensive
mean value 1n the two groups did not exceed {48
mm Hg some individuals of the two groups
developed hypertensive blood pressures up to 155~
160 mm Hg These levels were nearly entical o
those 1n the donor rats Okuda & Groliman (1967)
were unable to elucidate the mechamsm by which
the transfer experiments had succceded using
Loomus hypertensive rats as donors of splenic cells
In therr optnion the ymmunological mechamism
was a consequence of the elimmation of the renal
capacity to produce a postulated humoral principle
1 for the of the
state but no observations could support this view
The present results show that 1t 1s possible to
transfer two very different types of artenal hyperten
sion from hypertensive animals to normotensive
recipients by splenic cells These posttive transfer
expertments suggest that in spite of the fact that the
two types of arteral hyperiension are different 1n
ongin they have a common 1mmunopathogenesis
in the late phase of the hypertension Previous
resulis (Dfsen 1970 1971, Svendsen 1973 1975
1976} have demonstrated that mduction of artersal
hypertenston 1n rats and muce 1s associated with
damage of arterial vessels and the development of
DHS against their own arterial walls The respon
sible antigen(s) of the artenal walls have not been
isolated In the Dight of these observations the
] h; m the present
expeniments may be a DUS response agamst the
walls of artenies and artenioles Therefore <kin tests
were performed mn group I and hsstological
examnations tn group IV SKin tests using extract
of common carotid arteries were posineg i group




111 204 negative 1n the tontrols (group V) and the
tmstological examnations of smadl axteres and
artersoles demonstrated findings Whach coud accord
with 2 DHS repction aghnst these vessels Thus the
esults Were 11 sgreement with the hypothesis thata
DRSesporse agunst the walls of artenes and
arerofes conid be responsible for the postave
transfer of artenal hypertension from hypertensive
animals to pOrmMotensive recipients

The histologseal examunations of the kidneys and
the bearts demonstrated many astersal vessels with
1heckened walls and consequently narrowed lumina
This mospholagreal change of the arterial walls Was
apparently caused by exudation of plasma mto the
vessel walls rather than by hyperirophy of the
tunyca media The exudative changes of the artenal
walls could be Secondary 1o the artenal hyperien
ston but 1t seems uplikely that the hypertension
alone was Tesponsible for ihe exudative changes
because the hypertension was mild and nt had
oonunued for several months Possibly, hyper
trophy of the tunica Media would have been the
natural reaction of the artenal walls to this mld and
chront. artercal hypertension (Giese {966}

Tte nfiltration of mononuclear ¢ells 1o the
arteal walls found both 1n walls with exudauve
changes and 1n walls which appeared tormal sn the
ight microscope may be interpretated as a DHS
Teaction azatnst components of the vessel walls The
observation that mononuclear cells filtrated appa
rently pormal artenal walls could indicate that an
mmunological reaction of the delayed type repse
sents a primary stage in the morphologica) change
of the arter} vessels

In tne light of the present and previous results
{Qisen 1970 1971 Svendsen 1973 1975 1976) the
foflowing bypothesis 5 advanced 1n sxplanation of
the transfer of arterial hypertension by splenic cells
from DOCA-salt hypertensne and fenal hypenen
Swve donors (o flormotensive Tecipients Ap iMmu
tological reaction of the delayed type directed
dgainst the arterial walls 15 transferred by the
splene celle fram tho hymyest M
Atlerial Walls to plasma components resulung 1 a
thickeming of the aneral walls and consaquently
narrowed fumina, Vehen the lumina of small
areries and arteriofes are narrowed peripheral
resistance to Blood flow mecreases and anterual

hypertension resulis

N The mentioned bypothess may eplain the
of sore cases of essenual by

The observations of DHS reactions

M patients

agamnst components of artenal walls in pauents
sullerng from borderfine esteptial hypertension
(Olsen & Rasmussen 1977)1s i agreement with this
hypothesss

[N NS
The author 15 very thankfut to the Unversuy Instituse Jor
Expenmental lmmunology Copentagen for supplying
the splentc vells
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TABLE | Cutaneous Infiltration Measured in mm
Found int the Rats tn Groups {iland V 24 Hours after the
Intracutaneous Irjection of Homogenized Common Caro

nd Arteries
Group 111
Cutaneous infiltration

Rats fin mm)
No | 8
No 2 9
No 3 10
No 4 12
No 5 10
No & 2

Group V'

Cutaneous mfiltration
Rats Gn mm)
No | 0
No 2 0
No 3 0
No 4 0
No § [
No 6 [
No 7 |
after 1ntr. of d com

mon carotid artertes (Table 1)

Mecrascapicat examinations The histological pre
parations of the kidneys and the hearts from the rats
of group IV showed many small arteries and
arteriofes with thickened walls and narrowed
lumina The ratio lumen wall was decreased 1
refation to normal artenal vessels (group VI) In
mOst cases the cause of thus decreased ratio seemed
to be exudative changes 1n the vessel walls and to a
lesser degree hypertrophy of the tumca media
Thus an increased msudation of plasma seemed 10
have taken place 1nto these vessel walls which also
was supported by the finding of red blood cefls
deposited 1n the tunica media of some artenial
vessels Furthermore mononuclear cells were
found to mnfiltrate mto many arterial walls This
mononuclear nfiltrabon #as observed both nto
vessels with greatly thikened walls and vessel walls
which were morphologically normal under the light
microscope The number of infiltrating mono
nuclear cells ranged from 3—4 to numerous

None of the rats m group v showed thickening of
artertal walls 1n the kidney or the heart No red
blood celis or mononuclear cetls were found in the
arteriz) walls The histological findings 1n this group

were like these i all three normal untreated rats
{(group VI)

DISCUSSION

The results show that it was possible 1o transfer
artersal hypertenston from DOCA salt hypertensive
and renal hyperteastve rats to normotensive rats by
splenic cells The results of the transfer experiments
from renal hypertenstve rats to normotensive
reCipients are in agresment with those reported by
Okuda & Groliman (1967) who succeeded 1n
transferning renal hypertension to normotensive
rectprents by lymph node cells
A new aspect 1n the present study 1s the positive
transfer of DOCA salt hypertension to normoten
swe reciprenits by spienic celis The hypertensive
meéan value 1n groups III and IV was unquestio
nable but the hypertension was of the bemgn type
The mean value did not exceed 14§ mm Hg during
an observation period of six months after the
transfer of splenic cells While the hypertensive
mean value 1n the two groups did not exceed (48
mm Hg some individuals of the two groups
developed hypertensive blood pressures up 10 155-
160 mm Hg These levels were nearly identical to
those 1n the donor rats Okuda & Groliman (1967)
were unable to elucrdate the mechanism by which
the transfer expeniments had succeeded using
Loomis hypertensive rats as donors of splenic cells
In therr opinion the mmmunological mechamism
was a consequence of the elimination of the renai
capacity (o produce & postutated kumacal principle
essential for the mamtenance of the normotensive
state but no observatrons could support this view
The present resufts show that 1t 15 possible to
transfer iwo very different types of arterial hyperten
sion from hypertensive ammals to narmotensive
recipients by splemc cells These positive transfer
experiments suggest that in spite of the fact that the
two types of arterial hypertenston are different n
ongin they have a common immunopathogenests
1n the late phase of the hypertenston Previous
results (Ofsen 1970 1971 Srendsen 1973 1975
1976) have demonstrated that induction of arterial
hypertension 1n rats and mce 1s assotiated With
damage of arternal vessels and the development of
DHS agamst their own artersal walls The cespon
sible antigen(s) of the arterial walls have not been
1solated In the light of these observations the
logical 1 the present
experiments may be a DHS response aganst the
walls of arteries and arterioles Therefore skin tests
were performed tn group I and hustological
examinations (n group [V Sk tests using extract
of common carotid arteries were positive in group
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MACROPHAGES AND THE SYNTHESIS OF CONNECTIVE
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! Macrophage homogenate added to the incubauon mediym of granulation tissue shices decreases the
Incorporation of labelled proline to collagen and other protems 1o a greater extent 1a the presence of
certain prostaglandins and 1n oxygen atmosphere but to 2 lesser degree 1f serotonm and cyclic AMP
are added 2 Rheumatoid synovial fuid comnective ussue active peptide (CTAP) of Castor and an
extract from CCly-damaged liver sumulate collagen synthesis m the presence of macrophages 3
Preparauons from non treated macrophages sumulate the ncorporation of glucosamine to acd
mainly 4 In a developing rat granuloma  the formation of coflagen
and by culture medium but especaally by

was sumulated by
whole macrophages 1n the presence of 107

Key words Collagen DNA hyaluronsc ad S$102

E Kulonen Department of Medical Chemist
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This study was mspired by the finding that Si10,
releases from macrophages a »fibrogenuc factore
which stmulates protein synthesis in incubated
granulation ussue slices (1) and 1n cell free polyso
mal systems (4) Since $10; and related munerals
Ppresumably are not the only substances to act on
macrophages 1n this manner we have nvestigated
the possible analogous effects of certan drugs and
endogenous materials

The role of macrophages 1n the early develop
ment of granuloma (3) and the influence of
macrophages on the adjacent fibroblasts (23) have a
beaning on the fibronc process This encouraged us
to study the effect of macrophage preparations on
the synthesss of proten espectally of collagen of
ac1d mucopolysacchandes and of nuclerc acids m
granulation wssue Furthermore we carned out
Prelminary experiments on the effects of macro-
Phages on the mtegrated development of granulaton
tssue Previously the medium of macrophages 1s
shown to contain severat connectve tissue actiye
substances affecting the synthesis of DNA and
coltazen 15y

try University of Turku Kunamyllynk 10 SF 20520 Turku

MATERIALS AND METHODS
Test Systems

Incubatton of granulanon nssue shees Expenmental
granuomas were induced with v;
implanted subcutaneously 1nto
A

1scose cellufose sponge
rats (28) Afier \5-21
plonne UKA 82 The Rads
ham Bucks UK) thymidine (TRK 300) or glucosa
mine (TRK 375) was added as Pprecursor
Incubation of granuloma celfs Afier growth for o
weeks the sponge implants were harvested mto cold
09% NaCl solution The culuvation of the granuloma
R described previously (2) Th
third 10 the temh Passap
expentments  The conf)
diluted 14 and add,

ochemical Centre Amers_

¢ Were used for incorporauon
vet cells were

alternauve precursors
Development of

&ranulation ssue yn vivo
mm thick and 15 ponlly

MM I dameter were cut from the

7






he Cotlogen Synshesis i hcubated
tutar Fracqions of the Homogemzed Macrophages on ¥
TABLE | fecf the i Granulation Tissue Shices

{eaction Hydroxyproline cpm per
mf«ww ) 100 mg nitrogen pmote
None (control} 0588 1136
0488 (+0057) 875 (+166)
51%%‘5 :ed m‘mmem‘m Q488 (40010 6L (+ 158}
100 000 g sediment 0688 (~0153) 930 (+ 54)
100 000 g superpatant 051 (~0268) 805 (-~ 206)

he fractions
Noo incubated macrophages were fiomogemzed by freezing and thawing (5 %) then fractionated and

wz:,ncubmtl scpara!elpy i 379C for 20 h m the Dulbecco-MEM medium The granutation pssue shices were
1ncubated 13 the 20 000 g superatants of these suspensions m the presence of M protine (1) The stices Were analysed
for 1ncorporated 1satope The effect of the preicubation of whole macrophages for 24 h 1s shown 10 the brackets

TABLE 2 Effect of Various Smail molecular on the Macrophages in the Synthests of Collogen
and Other Protewns in Granulation Tissue Shices

Total protein per Hydroxyproline per
Additon dry wi. nitrogen wt phole
Control with normal macrophages 100 100 100 100
Prostaglandin PGFz4 100 pg/mi 87 86 - -
Prostaglandin PGE 100 pg/mi n 7 53 33
Qxygen atmosphere 81 87 65 65
Seratomn 10 SM e 123 153 129
Serotorun 10 M 80 8 96 126
Cyclic AMP 50 g/ml 101 108 107 103
Cyshue AMP 100 g fmd 104 108 na 1%

The vontrol eapenments {100 0%) were performed wihowt a8dmops which Were muade (o the macrophage
medium not to the Minal sncorporation medium Al expertments were carned out in duplicate

TABLE 3 Effect of Vanous Materials on the M ik the Synthesis of Collagen
and Qther Froteing in Granulat on Tissue 51 ces
Syatheus of
Add
huon Total protein? Hydroxyprolme?
None (controf} 100 00
Synoveal flad theumatowd @ NIS244 1418247
Nonecontrol 100 100
CTAP (alone)® 2y 81(70 91
CTAP + macrophages s uayal o Sra s

s vy 011i0p 101

Extract from contiol hver

93] w0
Extract from CQladamaged Jver  (2)

1900
[1P

12

The expeniments with contro! macrophages taken as the reference ~

“suriiver of the expenments §iven n brackers ok = e
* cpm calculated per tissue mirogen
* 1o macrophage preparation present.



viscose cellulose sponge, sterihized by boiling in water
and pressed dry They were then placed in well-fitting
plastic cylinders with both ends open Before implanta-
tion {four pieces per rat) the sponges were absorbed with
1 2~1 3 ml of sterile suspension of non-elicited live rat
peritoneal macrophages (0 9 x 106 cells/ml) or other test
material h or medum) It was
ascertained that at least 45-50% of trypan blue absorbed
simitarly remains in the sponge for two weeks No signs
of infection were observed in the two experimental series
of 16 and 21 days For analysis, granulomas from three
rats were combtned into one sample Incorporation
experiments with the granuloma slices were carried out
as described above

Adduttons of Biological Ongin

Macrophage preparations Rat peritoneal macrophages
were collected 1nto 0 9% NaCl containing 10 IU/15 ml
hepanin The disintegration and preparation of the 20000
£ supernatant have been described previously (1) The
test substances were added instead of Si10;, and the final
supernatant was used as medium for the incubattons
with granulation tissue shees (1) or cultured granuloma
cells

The medum for the culture of rat peritoneal
macrophages was Dulbecco’s modification of Eagle's
medium (No 1F-017A, Flow Laboratories Ltd , Irvine,
Ayrshire, Scotland), buffered with 20 mM Hepes and

with llin and (1) The

peritoneal cells were washed twice in this medum and
placed 1nto disposable 5 ml or 10 ml plastic Nunclon cell
culture bottles, 3-4 X 108 cells/ml medium The cultures
were incubated for 2 h at 37 °C 1n an atmosphere of 5%
CO; + 95% air The non-adherent cells were rinsed
away with the medium Fresh medium was added and
the culttvation continued for two-day periods The used
media were centrifuged at 20000 g for 30 min and stored
at -20°C until use Addition of serum was not
necessary Storage of the macrophage media for two
months at =18 °C did not have any harmful effect on the
subsequent incorporation experiments

Synovial fluids, synovial tissue extracts and connective
ussue peptide  Cy tissue
peptide (CTAP) was prepared from the »buffy coat« of
human blood according to Castor & Lewis (10) The
leukocytes were lysed by freezing and thawing 1n 0 05 M
phosphate buffer, pH 7 0, contaimng 0 15 M NaCl and
0 13 M 2-mercaptoethanol The mixture was centrifuged
at 17000 g for 15 mun and gel-filtered n & Sephadex
G-50 column (2 8 x 50 cm) Elution with the phosphate
buffer NaCland yrelded two
fractions, the second of which contaned the CTAP

paraffin at 3 to 4-day intervals for 32 days The livers
were homogenized with an Ultra-Turrax homogenizer
mnto a five-fold volume of Krebs-Ringer-Hepes medium
The suspension was centnifuged at 15000 g for 20 min
and the supernatant added to the medium of granulation
tissue slices to be incubated (1)

Analyncal Methods

Uronie acid, hexosamine and nitrogen wete determi-
ned as described previously (18)

Radioactive products Collagen and other proteins

d proline were ysed 1n 6 N

HCI for 3 h and the radioacvities of total protein and
hydroxyproline were determined as described (1, 16, 18)
Nucleic acids were fractionated after the principle of
Schrmudt & Thannhauser (25), DNA was determined
according to Burton (9) and RNA was measured as
described by Cerrous (12) Radioactive acid mucopoly-
saccharides were precipitated with CPC onto 0 45 pm
Millipore filter and the hyaluronate fraction was
obtained by dissolving the precipitate mto 05 M
hydrochloric acid as described by Saarm & Tamm: (24}
The radioactivities were measured with a Packard Liquid
Scintllaon Spectrometer Model 3353 with PPO-
Tergitol scantillation muxture (15 g PPO, 50 mg POPOP,
600 ml toluene and 400 mi Tergitol®, Union Carbide 15-
S-9, supplied by Turen Saippua Oy, Turku, Finland)

RESULTS

Synthests of Collagen and Other Proteins

Additton of macrophage homogenate to the
medium 1n which granulation tissue slices were to
be incubated caused a marked decrease m the
incorporation of labelled prolme (<22 3% 1n total
protein and —31 4% 1n collagen) The decrease 15
due largely to the cold proline of the macrophages,
which dilutes the specific activity of the precursor
proline This was ascertaned by the additon of cold
proline to the mediim 1n two concentrations, 287
mM and 0 287 mM The proline pool, calculated
from the radioactivity ratios observed was about 16
mM 1n granulation tissue, and of the same order of
magnitude 1 the added macrophages However, 1n
the 20000 g supernatant of the 7000/500 ¢
particles of h; the proline
was very small, and this source of error thus
msigmficant

The possible effect of the subcellular particles of
on the sy of protetn 1s shown 1n

Synovial fluid from the knee of ar d patient was
diluted with a half volume of 4 5% NaCl and treated
with hyaluromdase for 5 h The digest was fractionated
on Sephadex G-200 column (2 7 x 40 cm) which was
cluted with Aronson's buffer (5) diluted | 20 wath 0 9%
NaCl The fractions were dialysed and Iyoph lized The
amounts of the fractions added to macrophages were
adjusted so that each contained 207 pg protemn
CCls-treated rats received 75 pt CCla/ 100 g 1n hqud

Table rl During premcubation of the whole
macrophages, material 1 released from the particles
mto the 100000 g supernatant to prevent the
incorporatton of 3H prolme 1nto collagen The
100000 g sediment seems to have & stimulating
effect, which 1s more apparent 1 the synthesis of
total protein (data not shown) When the 100000 g



TABLE | Effect of the Subcellular Fracnions of the Homogemzed Macrophages on the Collagen Synthesis in Incubated
Granulation Tissue¢ Shees

Macrophage fraction Hydrotyproline ¢pm per
afded 100 mg mutrogen pmole

None (control) 0568 1136

500 g sedrment 0438 {(+0051) 275 (+166)
7000 g sediment 0 444 (+0030) 761 {+ 158)
100 000 g sediment 0638 {~0153) 930 (+ $4)
100 000 g supernatant 0511 {0264} 805 (-206)

Non 1ncubated macrophages were homogentzed by freezing and thawing (5} then fracuonated and the fractions
premcubated separately at 37 °C for 20 h m the Dulbecco-MEM medium The granulation tissue sjices were
tncubated 1 the 20 000 g supernatants of these suspeastans in the presence of *H prolinte (1) The slices wege analysed
for incorporated 1sotope The effect of the premcubation of whole macrophages for 24 h 1s shown 11 the brackets

TABLE 2 Effect of Varlous Small molecular on the 1n Modulating the Synthesis of Collagen
and Other Protews in Granulajwn Tissue Slees

Total protem per Hydroxyproline per
Addiyon ary w, mtrogen dry ’ ,:;ole
Control with normal macrophagss 100 100 100 100
Prosuglandin PGF 2, 100 pg/ml 337 26 - -
Prostsglandin PGE1 100 pg/mi 7 79 58 53
Otygen atmosphere t §7 65 65
Serotonin 10 SM 116 123 153 129
Serotosn 10" 80 91 9% 126
Cychic AMP 50 pg/ml 10 108 197 103
Cychie AMP 100 pg/m! 104 108 114 16

The control expertments (= 100 0%) were performed without additions which were made to the macrophage
med um not to the final mcorporation medsum Al experiments were carried out i duplicate

TABLE 3 Effect of Various M

Materials on the A tn Mod

the Synthesls of Colt
and Other Proteins i Granulanon Tessie Shees of Collaten

Addon Syt of

Total protein® Hydroxyprolines
None feaatsol) 10

0

Synovial fluid rheumatord @ 175244 :2? 8242
None (control)

190 101
gk;(ﬂonﬂ‘ ) 81(70 91) 62(43 30)

AP + macrophages as usual ()]

158111 121

1010100 1on)
Extract from control iver {
2)
Extract from CCledamaged Iiver @ 'l(l]g :‘3

The expenments wth co reace
ntrol macrophages taken as the refe; =
 Number of the experiments given tn brackets " 100% = SEM
‘wm calculated per bissue nitrogen
o
MACTOphage brenaration present



TABLE 4 Effect of Macrophage Preparations on the Incorporation of Glucosamine into Granulation Tissue Shees o
Cultured Granuloma Cells

Experimental system

Incorporation into CPC precipitate

and the addition per dry wt
Granulation tissue sfices

homogemzed macrophages® (4) 129 (116-157
3 day culture of granuloma cells

medium of macrophages (3) 17 (e-12%
$§ day culture of granuloma cells,

medium of macrophages [&)] 168 (142~190)

The average values with the ranges are gtven as percentage of the respective controls (= 100%) The granulation
tissue shices were taken 7 days after implantation The number of experiments 1s given 1n brackets

* including one experiment with 7000 g sediment

supernatant of macrophage homogenate was frac.
tionated with Sephadex G-100, the first-emerging
non-dialysable fraction was mhibitory (data not
shown)

For companson, the granulation tissue slices
were replaced by liver shices In liver also, the
protemn (including collagen) synthesis was decreased
i the presence of homogemzed mactophages to
about 85%), but was stumulated slightly by the
pretreatment with S5:0; (by 10-20% over the
contral with non-treated macrophages)

Effects of Varous Materials on the Modulation of
Protein Synthests in Granulation Tissue Slices by
Pernoneat Macrophages

Small-molecular substances Pr and
oxygen atmosphere intensified the depressant effect
of macr , whereas and cyclic AMP
counteracted the effect (Table 2) The effect of
serotonin and cyclic AMP canriot be due to direct
action on the fibroblasts, smnce the medmm was
changed after pretreatment of the macrophages
Bradykimin, actinomycin D, ndomethacin (10-3-
16-*M) did not influence the effect of macrophages

Macromolecular substances Many preparations
have a S10-like influence on the effect of macro-
phages on protemn synthesis rheumatod synovial
flwd, connective Ussue actve pepude and extract
from CCly-damaged liver (but not from normal
ethanol-damaged or fatty liver) (Table 3) The effect
of synovial fluid seems 1o be located m the first and
last fractions i the get filteation chromatography
with Sephadex G-200

Experunents on the Effect of Macrophages on the
Spnthesis of Aad Mucopolysaccharides
Incorporation of glucosanune Table 4 shows the
results of incorporation of giucosamine mto the
cetyl pyndinum chionide (CPCh-preciputated (rac

tion, matnly hyaluronate, of granulation tissue
shices during the proliferation phase (7 days) n the
presence of macrophage preparattons [n more
developed granulation tissue, the ncorporation and
also the enhancing effect of the matrophages were
smaller The stimulating effect of the macrophages
on the synthesis of acid mucopolysaccharides was
not increased by pretreatment with Si0; One
macrophage homogenate was fractionated to 500 g,
4000 g and 7000 g sediments and a 7000 g
supernatant The 7000 g sediment contamed the
stimulating agent, as did also the medum of
cultured peritoneal macrophages (tested with cultu-
red granuloma cells)

Experuments on the Effect of Macrophages on the
Darelopment of Granuloma 1 Yivo

Table § shows that wn the presence of macrophage
I the devel of 1 was
retarded, as measured by the amounts of DNA
RNA, mitrogen and uronic acd The synthesis of
compounds containing hydrotyproline and hexosa-
mine was mcreased In analogous expenments With
macrophage culture medim 1 some cases there
was again an increase of hydroxyproline, especially
when calculated as the ratio of hydroxyproline to
niirogen  Pretreatment of the mactophages With
10 increased the hydroxyprolme/mitrogen ratio
further

The results of these experiments shown 1n Table
5 suggest that the macrophage material stimulates
an increase of coflagen 1 Spite of a general decrease

of nitrogen There might be an mcrease also
matenal h pl macid
mucopotysaccharides

Wit whole macrophages, there Was a different
effect as regards the capacity for collagen synthests
(Table 6) The stimulus for the svnthesis of colfagen



TABLE 5 Effects of hage F on Growth of E> 4 Tissue for 3 Weeks

Macrophages

Component analyzed yg/mg dry Wi Control Non treated S10; weated

ided
N gg;np)mgt Homogenate o 392034 () 872027 (12 992035 (D
182009 (8 162004  (12® 172006 (1D

88038 (8 1082048 {2r 99+057 2
mﬁ:zﬂmg 6372193 (8 5872283 an 47 g:l 79 (¢
l tr 0138 0184 0207
%i:;om:d‘“nt/m o 582021 (8 53x016 42 52+022 {an
Hexosamne 38018 (8) 472025 (2P 432018 a2
B Med: ‘macrophage culture added
H;d:':’:y;lroh;:op * 822067 (8 922052 (8) 9032045 (8
Nirogen 86833 @® 796229 (8 7125%20 (3p
Hydrosyproline/mtrogen 009420007 (8) 011720007 (8) 0123=0008 ( 8)
Uronic acid 1142023 (® 1112030 (8 1082028 (8
Hexosamine 152002 (1) 152005 (8 162005 ()
The sponge smplant was absorbed before the with (A)or with the medium of

cultured macrophages (B) possibly pretreated with S102 particles as described 1n the text SEM and the sumber of
experiments are indicated 3P << 0 05 P << 001, °P < 0 001 (with reference to control)

TABLE 6 Incorporation of Labelled Profine by Shces from Granulaion Trssue Grown into Sponge fmplants Pretreated
with Preparations from Untreated or $i0 treated Macrophages

Macrophages
Compound analyzed Homogenized (3) Whote(2)
Non treated $10; treated Without $:07 With Si0z
Total protesrt per nutrogen 107 (100-112) 110 (90-141) 99 {99-99) 99 {86-112)
Hydrovyproline per DNA 62 (54-76) 41 (33-45) 122 (108137 159 (155-164)

The producuion of granulaon ussue 1s described n the legend to Table § The data are given 2 percentage of the
conizol The range and number of experiments are given n brackets

which was degraded in some way 1n the homogens-
264 macrophages was apparently preserved in the
®hole macrophages, and even enhanced in those  hence to dilution of the MNA comrbar
2pplied with $:0; (see Discussion) The macrophage  demons = .

homogenates may have contained activated collage-  prepara " '
nase (27)

vanable 11 uns stuay, although stimulavon was
always observed after SI0pretreatment observed
DISCUSSION Alse e frkeomm 0 00
Correlation with Preious Work ! o
Anu inflammatory drugs have a vanable effect .=
on the release of lysosomal enzymes from macro- .
Phages at phagocytosss (8) Both platelets and  ** ! -t
Phagocytic macrophages release tnto the cell culture  * ‘
medum factors which stimulate the proliferation of ’ )

fibroblasts (20, 26) Artefacts due to the cold
thymdine released from cells 1n dying culture and
'



TABLE 4 Effect of Macrophage Preparations on the Incorporation of Glucosamine into Granulation Tissue Shees or
Culred Granulpma Cells

Experimental system

Incorporauon inta CPC-precipstate

and the addition per dry wt
Granulation tissue shiees,

homogenized macrophages®  {4) 129 {116-157)
3-day cutture of granvioma celfs,

medium of macrophages [&)] 117 (110-125}

5 day culture of granuloma cells,
medum of macrophages (&)

168 (142-190)

The average values with the ranges are given as percentage of the respecuve controls (= 100%) The granulauon
tissue slices were taken 7 days after implantation The number of experiments 1s given 1n brackets

2 including one expertment with 7000 g sediment

supernatant of macrophage homogenate was frac-
tionated with Sephadex G-100, the first-emerging

tion, mamly hyaluronate, of granulation ussue
stices durng the proliferation phase (7 days) i the
p of macrophage preparatons in mowe

non-dialysable fraction was bitory (data not
shown)

For companson, the granulation tissue slices
were replaced by liver shices In liver also, the
protein {inciuding coliagen) synthests was decreased
in the presence of homogenized macrophages (to
about 85%), but was stimulated shghtly by the
pretreatment with Si0p (by 10~20% over the
controf with non-treated macrophages)

Effects of Various Materials on the Modulation of
Protein Synthesis in Granulation Tissue Shices by
Peritoneal Macrophages

Small-molecular substances Prostaglandins and

developed granulation tissue, the mncorporation and
also the effect of the macroph nere
smaller The stimulating effect of the macrophages
on the \; of acid pol handes was
not incressed by pretreatment with Si0; Ope
macrophage homogenate was fractionated to 500 g,
4000 g and 7000 g seiments and 3 7000 g
supernatant The 7000 g sedunent contamed the
stynulaung agent, as dd also the medwm of
cultured peritoneal macrophages (tested with culty

red granvloma cells)

Expertments on the Effect of Macrophages on the

oxygen at h fied the dep effect
of macrophages, whereas serotonin and cychc AMP
counteracted the effect (Table 2) The effect of
serotonin and cychic AMP cannot be due to direct
action on the fibroblasts, since the medium was
changed after pretreatment of the macrophages
Bradykinin, actinomyein D, indomethacin (10--
10-5M) did not influence the effect of macrophages

Macromolecul b es Many pr
have a S10p-ike influence on the effect of macro-
phages on protemn synthesis rheumatoid synovial
flud, connective ssue active peptide and extract
from CCli-damaged liver (but not from normal
ethanol damaged or fatty liver) (Table 3) The effect
of synovial flmd seems 1o be Jocated 1n the first and
last fractions 1n the gel filtration chromatography
with Sephadex G-200

Experiments on the Effect of Macrophases on the
Synthesis of Actd Mucopol saccharides
Incorporation of glucosanune Table 4 shows the
results of mcorporation of glucosamne into the
cetyl pyndimum chloride {(CPC)-precipitated frac

Dervelop o) £ in vivo
Table § shows that 1n the presence of macrophage
h the P of granul was
retarded, as measured by the amounts of DNA,
RNA, mtrogen and uromc acid The synthesis of
compounds containing hydroxyproline and hexosz
mne was increased In analogous experiments with
macrophage culture medium I some cases there
was again an increase of hydroxyproline especially
when calculated as the ratio of hydroxyproline to
attrogen  Pr of the h with
S0, mncreased the hydrotyproline/mitrogen atio
further

The results of these experiments shown In Table
5 suggest that the macropfiage matertal stmulates
an wncrease of cattagen i spite of 2 seneral decrease
of mtrogen There might be an increase also 11
material p by wn acd
mucopolysaccharides

With whole macrophages, there was a Aiferent
effect as regards the capacuy for collagen synthesis
(Table 6) The sumulus for the synthesis of collagen




TABLE 5 Effects of

on Growth of F

1 Tussue for 3 Weeks

Macrophages
Component snalyzed pg/me dry wt. Control Non treated S0 treated
dded
A g«r‘;:;!kd!! omogeroe adde 892034 n 81z027 an 992035 an
RNA 18009 8} 16004 2r 172006 {12
Hydroxyproline 882038 {(8) 108x048 (12 992057 (12
Mitrogen 637193 (8) 587x283 12 4782179 Qe
Hydroxyprol ne/mitrogen 0138 0184 0207
UZomcx:'gdo nefuros 582021 (8 532016 a2 52x022 an
Hezosamine 33£018 (®) 472025 (r 43018 (1)1}
B Med um of macrophage culture added
Hydroxyproline 822067 ® 92z052 (8 9032045 (8
Mtrogen 868x33 ® 796229 (8) 725+30 (8r
Hydroxyproline/nitrogen 0094%0007 (8) 0117+0007 (8) 012320008 ( 8)
Lronic acid 1142023 # 1112030 (8 108x028 (8
Hexosamne 152002 m 152005 (8] 162005 B
The spongs implant was absorbed before the with (A)or with the medwm of

cultuesd macrophages {B) possibly pretreaind with S102 parucles s described in the text SEM and the number of
experiments are indicated *P < 005 PP < 001 P < 0 001 (with reference to control)

TABLE 6 Incorporanan of Labelled Proline by Shices from Granulation Tissue Grown nfo Sponge Implants Pretreated
with Preparanons from Unttreated or $10» treated Macrophages

Macrophages
Compound analyzed Homogenized (3} Whole(2)
Non treated 5107 treated Wichout 8107 With$10;
Toul protewn per nitropen 107 (l00-112y e 90-1ay 99 (99-99) 99 {86-112)
Hydroxyprofme per DNA 62 (54-16) 41 (3345) 122 (108-137) 159 (155-164)

The production of granulation ussue 15 described in the legend (o Tab
ntro) The range and number of etperiments are given 1 brackets

which was degraded tn some way 1n the homogem
4 macrophages was apparently preserved in the
whole mactophages and even enhanced 1n those
27phed % 1th 10, (see D The

fe 5 The data are given as percentage of the

fibroblasts (20 26) Arefacts due 1o the cold
thymidine released from cells 1 dying culture and
hence to diution of the DNA-synthesss have been

homogenates may have contained activated collage
nase (27}

DISCUSSION

Correlation wsth Preyious 3 ork
S inflammatory drugs have a vanable effect
on the release of Iysosoma) enzymes from macro-
Phages at phagocyioss (8) Both platelets and
Phagocytie macrophages release into the cell culture
medium factors w hich stimulate the prohiferation of

o

21) The effect of macrophage
preparations on the mcorporation of thymudine was
varable n this study although stumulation was
always observed afier SiOrpretreatment observed
ab"i’hby Lehtinen & Kulonen (19)
ere seems to be no information re;

acuvity of RNase 1n the various states ;fgan::clrnngp;:e
ges although consderable wformation has been
accumulated concerning the effects of eliciung (17}
Mactophages do not contam the RNase inhibtor
destroyed by p<hloromercunbenzoate ¥, hether the
rheumatord synovial flusd and other tssues contain



an inhibitor of macrophage RNase (7) remauns to be

studied
Macrophages release prostaglandins in response
to inflammatory sttmuli (8 14) In fact 1t Is
supposed that the »oxygen burst« at phagocytosts
(6) contributes to the endoperoxide stages of
L ke It s that

[

~

w

Adams D O The granulomatous nflammatory
res_;agnse A teview Am J Path 84 164-194
19

Ako S & Kulonen E Effect of silica liberated
mactophage factors on protein synthesis tn cell free
systems Exp Cell Res /04 31-38 1977
Aronson T & Gronvall A Improved separation of
serum Droteins 1t paper electrophorests ~ a new
lectroph buffer Scand J ¢hn Ladb Invest 9

exposure of macrophages to oxygen at;
ncreases thetr suppressing action on the fibroblasts
Furthermore treatment of macrophages with pros
taglandin (13) causes them to release cychc AMP

Macrophages and the Fibrotc Process

The macrophages promote the synthesis of
hyaturonate (Table 4) and DNA (19) potentiate the
effects of connective tissue active peptide perhaps
through the formation of prostaglandin and cyclc
nucteotides {10 11} induce vascular profiferation
when elicited (22) and enhance the chemotaxss at
the »oxygen burst« (6) There 1s thus no doubt that
macrophages prompt and sumulate the formation of
granulation tissue {cf 3)

The exact role of macrophages 1n climeal fibroses
such as those occurring 10 the synovial tissue or 10
liver remains to be studied Our present prelimimary
experyments show that the macrophage $102 system
stimulates the protemn synthesis also in liver shices
Liver contains more than half of the macrophages
of the body 1n the form of the Kupffer cells but it ts
not yet defined whether their number or properues
have any relationship to liver fibrosis The same can
be said regarding the synovial fluid macrophages

The exact role of macrophages especially of thelt
RNases 1n the human fibroses needs to be clarified
The key pomnt mn our hypothesis that the acung
mRNA of collagen and of other protemns S
1nfluenced directly or indirectly by RNases or other
factors from macrophages has yet to be asceriained
by direct measurement

ES

-

=

D)

338-341 1957
Babior B M Oxygen dependent microbial kilhng
by phagocytes New Eng J Med 298 721 725
659-668 1978
Blackburn P Wilson G & Moore S Ribonuclease
tnhibitor from human placenta Purnification and
properues I Biof Chem 257 $904~391¢ 1977
Bonney R J Wightman P D Dayies P
Sadowski S J Kuehl Jr F A & Humes J L
Regulation. of prostaglandin synthesis and of the
selective release of lysosomal hydrolases by mouse
peritoneal macrophages Biochem ) 176 433-442
1978
Burton K A study on the condiions and
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1975
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Ewvidence sup a role for p dtns and
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1975
Ceriotn G Determinaton of nuclerc acids
animal tissues J Biol Chem 274 59-70 1955
Gemsa D Steggeman L Menzel J & Till G
Release of cychc AMP from macrophages by
stimulafion with prostaglandins J Immunot 4
14221423 1975
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an inhibitor of macrophage RNase (7) rematns to be
studied

Macrophages release prostaglandins 1n response
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ncreases their suppressing action on the fibroblasts
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THE EFFECT OF
HUMAN MILK FRACTIONS ON ROTAVIRUS IN RELATION
TO THE SECRETORY IgA CONTENT

ANNE BRIT OTNAESS! 2 and IVAR ORSTAVIK?

Depactment of Pediarrics! and Instiute for Expenmental Medicat Research? and Microbuological
Laboratery? Ullevil Hospua) Oslo 1 Norway

Owaxss AB & Orsavik 1 The effect of human milk fracuons on rotavirus 1o relation o the
secretory IgA content Acta path microbio) scand Sect. C 8§ 15-21 1980

(1 (k from heafthy Norwegian Womien was by sulphate

:{mmg“;u l(":l'.ﬂucn The pryc'leln content lactoferrtn and secretory IgA were measured Spectfic any
rotavisus JgA detected by indirect tmmunofluorescence was found n one out of five mulk samples
before fracuonation while a more concentrated Immunoglobutin fraction from the Other four mulk
samples contained such IgA Before fractionation 3 of 5 milk samples neutralized human rota virus
mfection of LLC MK2 cells whereas concentrated [gA rich fracuons of all 5 mulk samples neutralized
human rotavirus Some fracuons wathout detectable IgA also neutralized human rotzvirys This
suggests that human milk contains rotavirus specific IgA as well as rotavirus neutraltzing activity of
nen immunoglobulin nature

Key words Human milk secretory IgA  rotavirus

A B Otnass Institute for Experimental Medical Research Ullevil Hospital Oslo | Nerway

Recewved 231w 79 Acoepted 1 1079

Breast fed tnfants suffer less from gasromtests
nal disorders and upper respiratory tract infections
than bottle fed infants (6} and human mulk has been
used 10 stop outbreaks of gastroenteritis caused by
E ool ON1 (17 18} Human milk has also been
descrbed as contuiming specific antibodies agarnst
certan viruses (13)

Human rotavirus was discovered 1n 1973 and
has been established as one of the major causes of
acute gastroenteris in nfants and chidren (8)
Chrystie et al (2) found that rotavirus infections
were sigruficantly less frequent among breastfed
babies than among bottle fed babies Rotavirus
speaific antibodies 1n human and milk

non anubody and specific antibody activity to
rolavirys we have frattionated human milk and
determuned the secretory IgA (sIgA) content and the
fotavirys newtrahzing actuvity of the fractions

MATERIALS AND METHODS

Fractonation of mulk (40-120 m) was collected from §
bealthy mothers 5~40 days after delivery Cells and fat
ere removed by cemnlugation (20000 x 2/2h a1 4 °C)
and the supernatant fimid below the fat lager was
carefully prpetted off Casein was preapiated at pH 4 6
2nd after centnfugauon (13009 £/30 mun a1 4 °C)

have recently been reported (316 19 23) and
Thouless et al (19) described a neutralizing effect of
colostrum on human rotavirus v celf culture
Human mik may contun antyvirat activity other
than antibodies (1) to differentiate between such

Wwas added 10 the
fwid to adust the pH to 74 Thos step nas emiteed 1
milk samples Nos 2 3 and 4 without 2pparently
whencing the results
An equal volume of saturated ammonium sulph:
1ate
solution (4°C) was added and the s\:sven;wnp\n

surred for I1S-18 h a1 4°C Afer <entnfugaton
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RESULTS

Fractionanon of human mylk The mulk samples
Nos 1-4 were all obtamned on days 5 and 6 after
delivery, and the 1ndividual vanation of the total
protemn slgA and lactofernin 1n the centrifuged milk
(Fig 2)1s stmyfar to the observations of McClelland
—eatal (12} Mk sample No 5 was obtatned later 1
tbe lactation pertod {on day 40) and accordingly the
_ milk had a Jower content of protetn, lactoferrin and
= slgA (han the other samples In the concentrated
. immonnm sulphate precipitate 25-50% of the
.- 1otal protein #as sIgA, as compared to 5-16%
slehmthe ceptnfuged mik Most of the tactofernn
%as retamed (n the ammonium sulphate superna-
2t which after concentration conssted of 43~
51% lactoferrin
Three protein peaks were obtamed after column
3 h phy of the fraction
5 {Fig 32) Fused rocket smmunoelectrophoresis
7 Showed that IgA was eluted mn the first peak (Fig
7 3t} whie lactofernin and 16G were eluted 1 the
! seoond peak a5 indicated (Fig 3a) Peak 1 was
7 wsully not symmetrical and two separate pools

T2 4 s 12346

Pesn I Peak T
£ 2 Tot protern slgA and lactofernin in fractionated
Ik samples

12343
PpeaxII

Toul protein 0
MgA o

Ltofernn. 0

were madk d NoslgA or
detected 1n peak IIl (Fig 2)

Anti-rotavirus IgA Rotavirus speafic 1gA, as
determined by mdirect immunofluorescence, was
detected 1n only one of the five milk samples prior to
fractionatson (Table 1} In the ammomum sulphate
precipitate, which 1s enriched 1n immunoglobulins,
rotavirus specific 1gA was detected 1n 4 out of 5
milk samples and after concentration of this
fraction anu-rotavirus IgA was also detected 1n the
fifth sample (Table 1) The uitre of the rotavirus
specific IgA vaned independently of the vaniation of
1ol sigA mn the concentrated arimonium sulphate
fracuions Sample No 5 had a uwe of 16 and
contaned 16 5 g/1 sigA, whereas sample No |
with a titre of 4 contained 30 g/1 slgA However,
within the same mik sample, the speaific anti
rotavirus IgA titre varied m parallel with the total
sIgA concentration

A fonm mat Florns

were

P

» L *
1o dilution, since the sIgA concentration ta the peak
1 was now about the same as m the centnfuged
milk When peak I of mik | and mutk 3 were
further concentrated, rotavirus specific IgA was
detected 1n both samples
Neusrahzation of rotavirus Three out of §
samples of the centrifuged milk neutralized human
rotavirus with 2 titre of 5 (Table 1) In the
d sulphate . all
five samples contaned neutralizing activity with
titres of 10-40

T ban am ol = At oF 1y

N .

ute auquot, L 1owvirus 1gA was detected, 20d the
neutralizing titre Was reduced from 40 10 §

After ammonium  sulphate precipitatian, the
concentrated supernatant also contamned neutraly.
2ing acuvity 1 4 of the § samples (utres 5~10) 1n
spite of a lower concentration

fotavirus speaific 1gA 1t should pe
u noted thay
mik No 5, the concentrated 2mmonsum sulph::ll:l

(sg%elmfﬂx\:l‘ was without 3 dcrn:r::able fevel of <Toa
ung a2 “a .

ung a . e

sigA t

- us peax,

Discussiov

Quanutative measurem
ent of sIgA.
sed 1 arbitrary units 15), o Sefumsl;AmZ ﬁféi

17



(20000 x £/20 pun at 4 °C) the supernatant was dialysed
against phosphate buffer (6 01 M pH 7 4) (3 x 31) and
the volume reduced about 20 times before testing The
sediment was dtssolved 1n a small volume of 00! M
phosphate buffer, pH 74 and dnlysed aganst the
phosphate buffer After further concentration, ahiquots
of -2 ml of the immunoglobulin-rich fraction were
chromatographed on an Ultroge! AcA 44 (LKB Sweden)
column (70 X 2 cm) in phosphate buffered saline, pH 7 4
The protein peaks were pooled, concentrated and
dialysed against phosphate bufTer (0 01 M, pH 7 4)

Rocker immunoelectrophoresis was carried out on
9%23 cm glass plates with 1.5 mm g¢] thickness as
described by Weeke (21) An electrophoresis apparatus
with cooling (15 °C) was used The buffer was barbutal/
tns {pH 86) with romic strenght 002 and the
electrophorests was run 1n 1% HSA agarose (Litex,
Denmark} The gel contained 0 8% anti-human IgA
specific for a-chamn, made 1n swine (Orion, Finland) The
samples (3 pl) were added while the voltage was kept at 2
v/cm The electrophoresis was continued for 1648 h at
3 v/em Experiments were performed in triphicate The
plates were washed for 24 htn 0 § M NaCl, and pressed
and stained with Coomassie blue

Fused rocket immunoelectrophoresis was performed
using 0 8% anti-IgA 1n the top gel, and with the holes (2
mm diameter) | cm from the top gels, 2 mm apart The
samples were allowed to diffuse for 2 h at 20°C,
followed by electrophoresis as described above

Preparation of Anti-IgM Column and Anu-Ig4 Column

Sepharose 4 B (Pharmacta, Sweden) was activated by
cyanogen bromide and anti IgM (32 mg 1n 3 ml) or anti-
IgA (10 mg in 2 m!) (Dakopatts, Denmark) was coupled
to [0 g activated gel by the method of March et al (10)
The coupled gel was stirred with 1M ethanolamine and
washed with 1)0 1 M acetate buffer pH 4 0 2) 2M urea
tn 05 M NaCl 3)01 M NaHCO;3: 05 M NaCl, pH
95,4)0 2 M NaHCO3, pH 9 5 and 5) 0 02 M phosphate
bulfer, pH 74 The capacity of the ant) IgA affinity gel
was 0 45 mg slgA per ml packed gel

Refercnce sccretory IgA was prepared by further
punification of the secretory IgA peak obtained after gel
filtration of the muik sample The slgA peak contained a
small amount of IgM which was removed by passing the
sample through the anti IgM affintty column or sIgA
was retained on the ant IgA column and eluted with IM
cttrate/phosphate buffer pH 2 8

The punfied IgA was devoid of IgM 1gG and
factoferrin and no tmpurities were detected by disc gel
electrop! or crossed The
slgA preparation consisted of 77% 118 IgA, 5% 7S
JgA and 18% larger polymer IgA determined by
analyucal ultracentrifugation

Secretory lgA was determined by rocket immunoe-
lectrophoresis A linear standard curve was obtained 1n
the range 0 1—4 g sIgA per | when 08% anu lgA
(Orion) was used (Fig 1) When 0 16% antibody was
used, 0 02 g secretory 1gA/1 (or 0 004 g serum IgA/1)
could easily be measured (data not shown)

Reference serum IgA was obtaned from Behrmg

werke, Germany
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Fig I Standard curve for the determination of secretory
IgA Rocket immunoelectrophoresis of 3 pl punfied
secretory IgA, diluted 1n 6 15 M NaCl The gel contamed
0 8% ant human IgA prepared 1n swine The electrop-
horesis was run for 48 h at 3 v/cm

Rotavirus specific IgA was determined by an indirec
anubody using BSC-|

cells infected with a bovine strain of rotavirus as anuger
(14) Mulk fractions were erther undiluted or diluted 1t
phosphate buffered saline, and tested on virus infected
and on noninfected cells The conjugate was FITC:
labelled rabbit anti-human IgA (Dakopatts) diluted 1 20

Rotavirus neutralizing activipy was measured sn LLC
MK2 cells, as described by Thouless et af (20) with shght
modifications Briefly, human rotavirus from the faeces
of achild with acute gastroententts was dituted 1n Eagles
medium to about 100 infectious units per 0 025 ml and
mixed with equal volumes of diluted mulk fractions
Followrng 2 | S h incubation at 37°C in 5% CO:
atmosphere, 005 ml of the muxture was added
duplicate to flat-bottom microtuter plates {Lindbro 15
FP-96TC) with confluent monolayers of LLC-MA2
cells Eagle's medium (0 150 ml) containing 2% foeta!
calf serum, 0 80 mg NaHCQ)/ml and anubiotics were
added, and the plates were sealed with adhesn e tape and
centrifuged (1100 xg/1 h} The plates were incubated
for 24 h at 37 °C and virus mnfected cells were stamed by
indirect immunofluorescence techmque using a gooto
biotic calf anti-rotavirus serum (H 48) kindty provided
by Dt G N Hoode, lowa USA

The number of virus infected cells was counted and
the titre of the milk fractions read as the highest dilution
which reduced the number of infected cells by 50% ot
more compared to the Virus control  without mtk
fraction

Lactoferrin was measured by single immunod;ffuston
where 1% HSA agarose gel contaned 08% antt
lactoferrin (D: ) or by rocket
rests as described above using 0 8% ant lactoferstm 1n
the gel The antgen holes were 2 mm diameter

A annpeana



RESULTS

Fracionation of human etk The mulk samples
Nos 14 were all obtained on days 5 and 6 after
delvery, and the individual vanation of the total
protemn sIgA and lactoferrin in the centrifuged mlk
{Fig 2)1s ssmular to the observations of McClelland
etaf (12) Milk sample No 5 was obtamned later 1n
the lactation period {on day 40) and accordingly the
nulk had a Jower content of protein, lactoferrin and
sIgA than the other samples In the concentrated
ammontum sulphate precipitate 25-50% of the
total protein was sIgA, as compared to 5-16%
sIgA 1n the centrifiuged mulk Most of the lactofernn
was retained 1n the ammonum sulphate superna-
tnt, which after concentration consisted of 43—
51% Iactoferrm

Three protein peaks were obtamed after column
h of the fraction
(g 32) Fused rocket immunoelectrophoresis
showed that IgA was eluted 1n the first peak (Fig
3b} while Iactoferrin and IgG were eluted 1n the
second peak as ndicated (Fig 32) Peak I was
usually not symmetrical and two separate pools

o
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T e 2348
Cantrituged  Ammonum suchate  Ammorsun suphate
e ecotate supernatant
[
s
23 4 85 123485 13353
Pean T Pean I Peax L

Fig 2 Touwl protein s1gA and lacofernn n fractionateg
mulk samples
Toutp wn O

sigh B

were made accordingly NosIgA or lactofernin were
detected m peak 111 (Fig 2)
Anti-roravirus Igd Rotavirus specific IgA. as
determined by indirect immunofluorescence, was
frae o,y .

Antamad — ant o~

rotavirus specafic 1gA was detected 1n 4 out of §
milk samples and after concentration of this
fractton ante-rotavirus IgA was also detected 1 the
fifth sample (Table 1) The wtre of the rotavurus
speafic IgA vaned 1ndependently of the varation of
Yotal s1gA 1n the concentrated ammonium sulphate
fractions Sample No 5 had a titre of 16 and
contamed 16 5 g/1 sIgA, whereas sample No 1
with a titre of 4 contained 30 g/1 slgA However,
within the same milk sample, the specific antt
fotavirus IgA (itre varied 1n parallel with the total
sIgA concentration

Aftor aal Fltvns am _rit -
Ie “ .
2 . .
o auution, since the sigA concentration in the peak
¥ was now about the same as 1 the centrifuged
mik When peak 1 of mik | and mik 3 were
further concentrated, rotavirus specific IgA was
<detected 1n both samples

Meutralization of roravirus Three out of §
samples of the centrifuged milk neutratized human
Tolavirus with a utre of § (Table [) In the
sulphate Pitate, all
eutratizing acuvity with

five samples contamed n
titres of [0-40

When an aliquot of the concentrated sediment of
milk No 5 was passed through an ant-{zA affiniy
eolumn and concenf
the aliquot, no rotavirus IgA was detected and the
neutrahizing nire wag reduced from 40 1o §

After ammonrum sulphate Precipitation, the
concentrated supernatany also contaned neutralr-
2ng 2cUvity s 4 of the § samples (utres 5-10) 1n
spite of a fower concentration of towl SIgA m the
ontnfuged milk, and he absence of detectable
rouvu'\'xs speafic g4 1y should be noted that 1In
milk No 5, the concentrated ammonium sulphate
(S;%elr:a&r‘nt‘ Was w1thout a detectable leye] o <lpa

nnga . . =
ung a ‘ t.
sigA Ve owoaw Ul peak
DIscussioy
Quantitative meas
Qe Urement of slga 45 often expres-

itrary units (15), or SeTum IgA s used a5
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Fig 3 Cemtnifuged milk was chromatographed on an AcA Ultroge! column A Elution of proten B Elution of

secretory 1gA measured by fused rocket electrophoresis

reference IgA (4) giving too low values, unless
correction factors are used (1,7) Punfied secretory
1gA 15 well suited as reference for the measurement
of slgA, and no conversion factors are needed

The fractionation of the milk made 1t possible to
study the effect on rotavirus of (1) centrifuged milk,
(2) an immunoglobulin-rich fraction, (3) a lactofer-
rin-enriched fraction, (4) 1solated sIgA (Peak I), and
(5) an immunoglobulin- and lactoferrin-depleted
fraction (Peak I11)

No rotavirus specific IgA was detected by
immunofluorescence m 3 of the 5 centrifuged milk
samples (Table 1), which 1s 1 agreement with the
results of Thouless e al (19) who observed that on
day 56 after delivery the specific IgA content was
very low or absent Similarly, Schoub et al (16)
found rotavirus specific IgA m only 10% of the
milk samples 2 days after delivery This apparent
1ack of speaific antibodies 1s probably due to low
sensttivity of the test system rather than to the
absence of specific antibody, as 1n the present study

10

the concentrated immunoglobulin fraction of alf the
milk samples contaned rotavirus specific IgA
When miore sensitive assays are used, such a8
radiommunoassay (3) or enzyme jinked immuno-~
sorbent assay (23) rotavirus antibodres have been
detected 1n the majority of unconcentrated milk
samples

For the neutralzation test we used human
rotavirus obtamed from one patent, probably
representing a single stramn of the virus However,
there are at least two serotypes of human rotavirus
(22) which both give rise to antibody production
early in hfe Since such mfections are extremely
common, it 15 most Itkely that the milk samples
contamn antibodies against both serotypes

The rotavirus neutralization actvity was highest
1n the concentrated immunoglobubin-rich fractions
After removal of IgA 1n one of these fractions, the
neutralzing titre was ighly reduced. suggesting
that IgA was of major importance for the
neutralzmg actvity of this mik  Neutralzing
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Fig 3 Centrifuged milk was chromatographed on an AcA Uttroge! column A Efunon of proten B Elutton of

secretory IgA measured by fused rocket electrophoresss

reference JgA {4) giving too low values, unless
correction factors are used (1,7) Punified secretory
1gA 15 well sutted as reference for the measurement
of sigA, and no conversion factors are needed

The fractionation of the milk made 1t possible to
study the effect on rotavirus of (1) centrifuged mulk,
(2) an immunoglobulin-rich {raction (3) a lactofer-
rin-enriched fraction, (4) 1solated sIgA (Peak 1), and
(5) an immunoglobulin- and lactoferrin-depleted
Sracnon {Peak 11}

No rotavirus specific [gA was detected by
immunofluorescence in 3 of the § centnfuged milk
samples (Table 1), which 15 1n agreement with the
results of Thouless er af (19) who observed that on
day 5-6 after delivery the specific [gA content was
very low or absent Similarly, Schoub et ol (16)
found rotavirus specific IgA 1 only 10% of the
mulk samples 2 days after dehvery This apparent
lack of speaific anubodies 1s probably due to low
sensitivity of the test system rather than to the
absence of specific anwbody as in the present study

18

the concentrated tmmunoglobulin fraction of all the
milk samples contamned rotavirus specific 1A
When more sensiive assays are used, such 2s
radioimmunoassay (3) or enzyme inked immuno-
sorbent assay (23) rotavirus antibodies have been
detected 1n the majority of unconcentrated milk
samples

For the neutrahzation test we used human
rotavirus obtaiped from one patent, probably
represenung a single stram of the virus However,
there are at feast two serotypes of human fO@vIcus
(22) which both give rise to anubody production
early 1 Iife Since such infectons are extremely
common, 1t 15 most ltkely that the milk samples
contain antibodies against both serotypes

The rotavirus seutralization activity Was highest
1n the concensrated mmunoglobuli rich fractions
After removal of IgA m one of these fractions, the
neutralzing utre was highly reduced. suggesung
that fgA was of major fmportane for the
neutralizing activity of this milk Neutralizing
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Fig 3 Centrifuged mik was d on an AcA Ultrogel colusn A Elution of proten B Elution of

secretory IgA measured by fused rocket electrophoresis

reference 1gA (4) gving too low values, uniess
correctton factors are used (1,7) Punfied secretory
IgA 15 well sutted as reference for the measurement
of sIgA, and no conversion factors are needed

The fractionation of the milk made 1t possible to
study the effect on rotavirus of (1) centrifuged mulk,
(2) an immunoglobulin-rich fraction, (3) a lactofer-
rin-enriched fraction, {4) 1solated sIgA (Peak 1), and
(5) an immunoglobulin- and lactoferrin-depleted
fraction (Peak 11I)

No rotavirus specific fgA was detected by
immunofluorescence 1n 3 of the § centrifuged milh
samples (Table 1), which 1s 1n agreement with the
resuls of Thouless et al (19) who observed that on
day §-6 after delivery the specific I[gA content was
very low or absent Simiarly, Schoub et al {16)
found rotavirus speafic IgA m only 10% of the
milk samples 2 days after delivery This apparent
lack of specific antibodies 15 probably due to low
sensiuvity of the fest system rather than to the
absence of spectfic anttbody, as 1 the present study

the concentrated immunogiobulin {racton of all the
milk samples contaned rotavirus specfic IgA
When more sensitive assays are used, such S
radioimmunoassay (3} or enzyme linked mmuno-
sorbent assay (23) rotavirus antibodies have been
detected 1n the majonty of unconcentrated mik
samples

For the neutralzation test we used human
rotavirus obtained from one patient, probably
representing a single stran of the virus However,
there are at least t% 0 serotypes of human rotavirus
(22) which both give nise to anubody production
early 1o hfe Since such infections are extremely
common, 1t 15 most likely that the milk samples
contatn antibodies against both serotypes

The rotartrus neutrahzation activity was highest
in the concentrated immunoglobulin-rich fractions
After removal of IgA n one of thesé fractions, the
neutralizing titre was highly reduced, suggesung
that JgA was of major imporiance for the
neutralizing acuvaty of this milk Neutralizing
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activity was also found in fractions with low or
undetectable slgA (Table 1) indicating that other
factorls) besides immunoglobulins may be of
1mportance 1n the virus neutrahization The concen-
trated supernatants are rich 1n lactofernin, which
accounts for 40-60% of the total protein Lactofer-
nin, alone or 1n combination with other factors, may
be of some importance On the other hand,
lactoferrin 1s usually thought to act as a bacteriosta-
tic agent via depletion of sron This hypothesis
cannot easily explam an effect on rotavirus, and the
actual agent may be another compound 1n these
fractions

Some mulk samples had a rotavirus neutralizing
activity 1n fracuions after gel filtration where no
sIgA was detected It 1s unlikely that the neutrah
zing activity of Peak 111 (elution volume correspon-
ding to mol wt 40 000) was due to low molecular
werght (; ) IgA, since IgA would
be eluted in Peak II rather than in Peak I It 1s
likely that Peak I1I contains a non s mmunoglobulin
anti-virus activity and this represents further
evidence for the importance of other factors in the
promotion by human mgk of resistance to viral
infections The activity may be analogous to that
reported 1in muk towards other viruses {11) The
nature of the ! al | acti-
vity 1s under current mvestigation

Ths paper reports studies on mulk fractions from
which fat and cells have been removed An antivirus
actvity of lipid nature has been reparted (5)and it 1s
possible that sigmficant resistance factors may also
be found 1n the ipid and cellular fractions

In lusion we have ated that human
mulk contatns anti rotavirus activity of IgA as well
as of non immunoglobulin nature

Analytical ultracentrifugation was kindly performed by
dr T B Chnstensen Biochemical Institute Umiversity
of Oslo Oslo Norway

Ths study was supported by the Norn egran Research
Council for Science and the Humanttres
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THE IN VITRO RESPONSE OF LYMPHOCYTES FROM
ADENOID VEGETATIONS AND TONSILS TO PPD
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LYMPHOCYTES AND UNSEPARATED LYMPHOCYTES
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Mogensen H H Mewstrup-Larsen K 1 Mastrup-Larsen U & Andersen V' The st vtro fesponses
of lymphocytes from adenord vegetatons and tonsils to PPD  [nfluerice of autologous blood monocytes
T and p! Acta path Tucrobrol scand Sevt. € 88 23-29 1930

Thymudine incorporation 1n lymphocytes obtained from adenerds (AVL) tonsils (TL) and blood (PBL)
and sumulated by PPD was compared in 19 BCG vacciated and 17 unvaccinated pauents Respanses
were approximately tenfold fugher 1n vaccinzted than In unvaccinated pauents The responses obtamed
Sor AVLSTL were lower than for PBL 1n BCG vacainated as well as in wavaconased patienss In
autofogous mixtures of AVL/TL and PBL a linear yncresse in thymudine ncorporation was obtaired
with 1ncreasing numbers of PBL. The monocyte concentration 1n cell suspensions obtaited from
adenord and tonsil Ussue was lower than i cells prepared from blood addwan of atologous
monocytes punfied from blood to cultures of AVL and TL was folfowed by a small wmcrease m
Tesponse o PPD bt not to the level of responsiveness of PBL Addion of autologous T lymphocyies
purified from blood to cultures of AVL and TL was followed by a small increase 1n thymdine
Incorporation of Stmular proportions In culwures with and withowt PPD ¢ 18 conciuded that the
praporuon of PPD sensiuzed tymphocytes 1s smaller tn AVL/TL than m PBL.

hey wofds Adenoid vegetations torsils lymphocyte response PPD en vitrp

H M Mogensen Depantment of Infectous Diseases M Rugshospitalet Tagensve; 18 DK 2200
Copenhagen N Denmark
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In man 1 vitro studies of cell meduated 1mmu
Tty to microorganisms have mostly been perfor
med employing blood lymphocytes Recently
creasing attention has been paid to the examinauon
of cells cbtamed from lymphord organs but as yet
litle information 1s avaulable concernung the specific
reactviey of such cells 1o defined 2nnigens

10 the present study the prohferative responses in
1 to punified protein derrvatve of tubercubin
(PPD) were studied in lymphocytes obtained from
adenowd vegetations (AVL) and tonsuts (TL) and the
resuts mere compared to the responses of blood
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Thymdiie wncorporation n lymphocytes obtained from adenoids (AVL) tonsils {TL) and blood (PBL)
2nd sumulated by PPD was compared 1 19 BCG vactinated and |7 unvaccinated patients Responses
were approumately teafold higher tn vaccinated than in unvaccinated patients The responses obtained
Sor AVLITL were lower than for PBL 1 BCG vacainated as well as n unvactinated pauents In
autologous mstures of AVL/TL and PBL a linear tncrease in thymidine Incorparation was obtained
wilh ncreasing numbers of PBL The monocyte concentration In cell suspensions obtdined from
adenoid and fonsy pssue was lower than In cells prepared from blood 2dditon of autologous
monocytes purified from blood to cultures of AVL and TL was followed by a small increase w
Tesponse to PPD but not to the level of responsiveness of PBL Addiuon of autologous T Jymphocytes
punified from blood 1o culrures of AVL and TL was followed by a small mcrezse 1n thymidine
weorporation of similar proportions in cultures with and without PPD It 1s concluded that the
proportion of PPD sensiized Iymphocytes 15 smaller 1n AVL/TU than sn PBL.
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In man 1 vitro studies of cell mediated o
™Y 10 microorganisms have mostly been perfor
med employing blood tymphocytes Recendly 1
ereasing attention has been pad to the examunation
of cells obtained from lymphoid organs but as yet
htde information 1s available concerning the speaific
ety of such cells to defined antigens

In the present study the prohferatn ¢ responses in
MIro to punfied protein denvative of tuberculin
(PPD) were studied 1n lymphacytes obtained from
adeniond vegetations (A L) and tonsils (TL) and the
tesults were compared 1o the Tesponses of blood
lymphocytes (PBL) Lower responses 10 PPD and a

smaller proportion of monocytes and of T lympho-
cytes have previously been found in AVL/TL

suspenstons as compared to PBL (7) Therefore
TESDONTAS Af e ne £ oat
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adaws W AVLY L, was studied

MATERIALS AND METHODS

Subjects 30 patients sdmutted for ader

nadectamy and €
Pauents admated for wosilloctomy were sudied Among
the patients undergong adepordectorny 13 were BCG
vacanated (average age 9 years) and (7 were unvacona
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ted {average age 4 years) The pauents undergoing

tonsillectomy were ofder (average 2ge 14 years) and were

all BCG-vaccinated This vaceination was carrsed ont at

about 7 years of age The patients were admsted to the

Departments of Otolaryngology at Hvidovre Hopspisal

and at Sundby Hospital for adenoidectomy (because of
)

RPMI 1640 containing 15% human serum was added o
the Jfiber-filled syringes, the mononuclear celf suspen
ston, contamning 10 - 56 x {06 cells 10 a volume of 5 m!
was added drop wise, and the column was 1ncubated for
30 munutes at 37 °C Thuirty ml of prewarmed medium
were used for slow elution of cells

)

recurrent ppper resp fe of
the adenoid or 2 combination of both) or for tonsillec-
tony (because of recurrent tonsiflitis) The persons were
m good health at the time of the mvesugation, 1n
parucular without any signs of 1nfection None recetved
any drug treatment Skin testing with tuberculin was not
performed

Lymphocyte cultures Blood and tissue were obgamed at
operation as previously described {9) The adenosd or
tonsil tissue removed was placed in RPMI 1640 medium
with pesucillin, streptomycin and heparm Within | hour
a cell suspension was prepared by gently pressing the
ussue through a steel mesh Mononuclear cells were
1solated o a Ficoll-Isopaque gradient

The lymphocyte transformation techmque has been
reported (8) Most of the Iymphocyte preparations
employed 1 this study have been described earhier (9)

lymphocytes were 1dentified by rosettng with sheep
erythrocytes The proportion of E-rosetting cells was on
the average 99%, the viability 98%

Microbual anugen PPD (RT 33 and RT 23) was a it
from Mogens Magnusson Statens Seruminstitut Copen
hagen In al] experiments, a dose titrapon was camned
out § concentrations of PPD were used, rangmng from
5 pg to 2 3 ng per culture with 3-fold dilution steps The
thymidine sncorporation given 1s the maximal response
obtained by any of the varying doses unless otherwise
indtcated

Polyclonal actnvators The polyclonal activators Were

ployed n the optrmal 19) 50 1 of the
500 ml reconsntuted stock splution of phytohaemaggiu
tin (PHA-P, Difco), 100 pg of pokewezd mutogen
{PWM, Grand Istand Biologica) Co) and 20 pg of
C A {Con-A, Pharmacta) A dose uration

ncluding quantitation of T and B lympk n,
according to the resufts of cell trattons and kineuc
experiments 1n the previous study (9), 105 cells were
cultured 1n a volume of 500 gl for 5 days when
stimulated with PPD, whereas cyltures with polyclonal
activators were terminated after 3 days '4C-thymudine

was carried out wilt PHA

Statistical methods For comparison of lymphocyte
responses, the Wilcoxon rank sum test was employed In
testing for correlayons the Kendal) rank sum test was

ploy

ncorporation was d by houd \

counting, the results given are means of triplicate
determunauons, after subtraction of the values obtatned
1n unstimulated Quitures unless otherwise indicated A

RESULTS

U lated Cultures

tesponse 1n & d culture 15 dered positive
when 1t is more than 25 times hgher than i the
coreesponding unsyymujated culture

t
15% normal human serum, were distributed to plastc
Petr1 dishes After ncubauon tn a humdified atmos-
phere containtng 5% CO2 for 90 minutes at 37 ® non
adherent cells were removed by flooding the plate 3 times
with medium, prewarmed to 37 °C Thereafter adherent
cells were resuspended by gentle scraping wiih a rubber
policeman
Monocytes were identfied by a naphthyl esterase
starnung (§) of cytocentrifuged smears The proportion of
esterase postuve cells was on the average 71 % the yield
n the monocyle purification step was 67% and the
viabiftty as determned by trypan blue exclusion Was
Nn%

Separation and dennifiinion of T Iymphocytes For
punfication of T lymphocytes the method described by
Greaves & Brown (1) was employed Fenwal Leukopak
naylon fibers were rinsed for 4 days in distilled water at
37 °C, the water was changed once daily After drying,
2 g of fiber were employed per plastic sysinge of 10m)

Thymidine incorporation n unsumulaed culte-
res of AVL was compared 1n BCG-vaccinated and
unvaccinated patients No differences were found at
3 or 5 days of culture (p>0 05) (Table 1) Likewise
there was no difference between unsymulated PEL
from vactinated and unvaccinated patienis

Comparison of PPD-stumulated Cuitures of A VLITL
and PBL

Cultures were stimulated by PPD employmng a
dose thration 1 each expertment In the vaccmnated
patients a positive responsé was obtained with
AVL/TL m 81%, and wih PBL m 100%
among the unvaccmated Tresponses Were either
absent or low (Table 2) The differences mn response
between vaccinated and unvaccnated are hnghly
signtficant (p<0 001) for AVL/TL as well as for
PRI In the vaccnated group no Correlation was
observed between the responses to PPD and the age
of the donor

It appears from Table 2 that the responses
obtamed for AVL were Jower than for PBL both m
vaccwated and 1n unvaccinated children (p<<0 ()]
For the vaccinated patients, the concentration of



TABLE | Thymudine Incorporationt by Lymphootes from 10
Polsclonal Actnators were Employed in the Opnimal Concentration

BCG ractingied and 17 Umvaccinated Patienss
PHA Eurther in I Supraoptimal and 2 Suboptimal

Concentrations

AVL cgm (£SD)

PBL cpm {(=SD)

BCG vaccinated unvaccinated BCG vaccmated unvactinated

e —————————————————

10490 11306 2811 21442

A 2 (=119 (=£3481 (= 6035} (27653

12649 14050 24444 23875

' (£2738) (+4003) (24342) {£8922

4 4722 pyar) 8534 5342

! (£3249) (=2651) (= 5040) (£3515)

18 690 425 1362 1097

{£967) (£ 46} (21224 (x 1479}

W M 2250 1519 4145 2951
TN (2729 (2$35) {=1656) (x1564)
Con A 8022 7347 1498} 14326

(199 (=2999) (2 6756) (£ 6600)
unsumulsted
Jd:yx 19 33 5% 17
17 (£24) (x35) (224)
$days 47 48 262 132
{251 {=36) (=212) (£102)

PPD inducing matimal thynidine incorporation
was the same wn AVL and n PBL (Fig 1} 1n the
unvacainated patients a gher PPD concentrauion
{5 pg/S00 wlf was needed W induce mammal
thymsdine incorporation No correlatton was found
tetneen PRD induced thymdine wcorporation n
PBL and AVL 1n the vaccinated children

In the smaller group of patents all BCG
vatcinated who underwent tonsillectomy the re
sponses were similarly lower i TL than i PBL

{p<<D DI The TL responses were compared (o the
AVL responses in the vaccmated patientts and no
difference was found (p>>0 051

Muxed Cultures of Blood and Tissue Ly mphocytes
AVL {2 caves) and TL (3 cases) obtained from
BCG-saxunated patents were mixed with autolo
gous PBL and stmulated with 05 pg PPD per
culture Neactoent different proportions of the two
cell types were used always employing 103 cells per

TABLE 2 Resronses to PPD of Lymphoc tes Obtained from Adenord Vegenttuons (43 L} Tons 15 (TL)and Blood (PRL)
The Pat ents are Disided Accord ng to their BCG vaccination Siatus

~o of patents
Gt ppe - é':";,d - oith 2 pasitve Maximal thymudine incorporation ¢ 9
acInan response/no. fested mean range
AVL s/
al AL 28 ©O-617
= 672 (0-3055)
8/
PBL * wng 3t it
“- : $345 252-190821
n . s 522 (19-1176)

83 ¢

2959-555T)



ted (average age 4 years) The patients undergoing
tonsiflectomy were older (average age 14 years) and were
all BCG.vaccinated This vaccination was carned out at
about 7 years of age The patients were admtted 1o the
Departments of Otolaryngology at Hvidovre Hosptta)
and at Sundby FHospital for adenotdectomy (because of
Tecurrent upper fesp: y nle ) of
the adenoid or a combination of both) or for tonsilec-
tomy (because of recurrent tonsillis) The persons were
1n good health at the tme of the investigation, n
particular without any signs of mfection None receved
any drug treatment Skin testing with tuberculin was not
performed

Lymphocy te cultures Blood and tissue were obtained at
operation as previously described {9) The adenoid or
tonsil ussue removed was placed tn RPMI 1640 medium
with penicitlin, streptomycin and heparin Within } hour
a cell suspension was prepared by gently pressing the
tssue through a steel mesh Mononuclear cells were
1solated on a Ficoll Isopaque gradient

The Iymphocyte transformation techmque has been
reported (8) Most of the lymphocyte preparations
employed 1 this study have been described earlter (9)

RPMI 1640 contarming 15% human serum was added to
the Jfiber-fifled syninges, the moronuclear cell suspen
siot1, containng {0 ~ 50 x |06 cells in a volume of S i
oA addaa A
.

I lymphocytes were identified by rosetting with shéep
erythrocytes The proportion of E-fosetting cells was on
the average 99%. the viability 98%

#crodal anngen PPD (RT 33 and RT 23) wasa gift
from Afogens Magnusson Statens Serumsttut, Copen
hagen In all expeniments, a dose litration was carried
out § concentrations of PPD were used, sranging from
5 kg f0 2 3 ng per culture with 3 fold diution steps The
thymedine incorporation given 18 the maxmmal response
obtamed by any of the varying doses unless otherwise
indicated

Pobicional actnators The polyclonal activators were

in the optimal (9) 50 pl of the
500 m! reconstituted stock solution of phytehaemaggh
tmn (PHA-P, Difco) 100 pg of pokeweed miogen
(PWM, Crand Istand Biological Co), and 20 pg of
C fin-A (Con-A, Pharmacia) A dose pitration

including quanutatton of T and B lymphacytes {7)
according to the results of cell urrauons and Kinete
expenments m the previous study (9), 109 cells were
cultured 1n a volume of 500 pl for 5 days when
stmulated with PPD, whereas cultures waith polyclonal
acuvators were termnated after 3 days 14C-thymidine
mcorporation was quanufated by hquid scmtillation
counting, the results given are means of triphicate
determinations, after subtraction of the values obtamed
1 unsumulated Qultures unjess otherwise sndrcated A

was carried out with PHA
Statsncal methods  For companson of lymphoen®
responses, the Wilcozon rank sum test was employed [
testing for correlations the Kendall rank sum test a5
employed

RESULTS

U d Cultures

response 1n a d culture 1s d posttive
when 1t 1s more than 25 tmes higher than i the
corresponding unstmulated culture

Separanion and idennfication of monocy tes Mononuclear
cells, asolated from the blood and suspended at 2

Thymudine 1ncorporation 1 unstimulated cultd-
res of AVL was compared 1 BCG-vaccinated and
unvaccinated patients No differences were found 8t
3ot § days of culttire (>0 05) (Table [) Likewss
there was nto difference between upstimulated PBL

concentration of 4 x 105/ml 10 RPM] 1640
15% normal human serum were distributed to plastic
Petrs dishes After incubation tn a hunudified atmos
phere contatning 5% CO; for 90 munutes at 37 ° non-
adherent cells were removed by flogding the plate S imes
with medium prewarmed to 37 °C Thereafter, adherent
celfs were resuspended by gentle scraping with a rubber
policeman

Monocytes were identified by a-paphthy! esterase
stamnng (5) of cytocentnifuged smears The proportion of
esterase positive cells was on the average 71 % the yeld
in the monocyte punification step was 67% and the
viability as determmned by trypan blue exclusion was
91%

Separation and dentfication of T bmphocytes For
punification of T lymphocytes the method described by
Greaves & Brbwn (1) was employed Fenwal Leukopak
nylon fibers were rinsed for 4 days in disulled water at
17 9C, the water was changed once daily Alter deyiag.
2 g of fiber were employed per plasuc syringe of 10 ml

o4

from d and un d patients

Comparison of PPD-stmulated Culeures of AVLITL
and PBL

Cultuses were stislated by PPD employing 4
dose titration n each expenment In the vacetnated
patients & positive response was obtaned with
AVL/TL 1n 81%, and with PBL 100%.
among the unvacCinated, responses were either
absent or fow (Tabfe 2) The differences 11 response
between vactnated and unvaccinated are fghty
significant (p<<0 001) for AVL/TL as well as for
PBL In the vaccinated group no correlation was
observed between the responses {0 PPD and the age

the donor
orll. appears from Table 2 that the responses
obtatned for AVL were Jower than for PBL both in
yaccinated and 1n unvaceinated children {p<0 00
For the vaccinated patents, the concentration of



TABLE 3 Influence of Addiion of Autclogous Monocytes Punified from the Blood on Thymudune Incorporation by
AVLITL Snmulated with 0 5 ug PFD

Addition of monocytes®
— A
Response of  Response of AVL/TL after addition % esterase
Person Age  Response of AVL/TL of the following proportion posive cells 1
(years) PBLGpm cpm of plastic adherent cells
5%cpm  10%cpm 15%cpm. added

AP 12 41100 AVL 7 332 270 kY] 68

AR 1 76 AVL 217 360 202 188 60

SF 9 1538 TL 34 65 116 138 80

AG 15 4380 TL 44 499 424 362 44

MS 14 3661 TL 168 1019 571 585 89

B! ) 2642 AVL 266 422 888 922 79
(58) 102y an usn

MA 7 3796 TL 859 1667 3074 2989 78
a1 us3n (1278) 12

AS 10 5103 TL 604 1202 1160 1070 81
asy Qon Gon 29

c 10 2664 TL 48! 740 935 626 79
89 3% a8 (s

mezn 3196 301 701 849 801 "

5D =1413 *289 +508 *909 =879 +12

“10 4 of the pauents monocytes were added to identical cultures without PPD {thymudine mcerporaton gven
10 patentheses)

¥ The values given are not corrected for thymidine mcorporation 11 unsumulated cultuses which for PBL was mean
157cpm (range 38-365 ¢ p m )and for AVL/TL 72cpm (range 37-152cpm)

TABLE & Jnfluence of Addition of Aurologous T Lymphocytes Purdfied from the Blood on Thymidine Incorporation by
AVLITL the Cultures were Sumutated by 0 5 g PPD The Volues G en are not corrected for Thy mude fncorporation

in the Corvesponding Cultures (Gren in P
Response of AVL/TL after the additron of
Person Response of Response of 5% 10% 15%
PBLcpm AVL/TLcpm T lymphoey T lymn T
cpm cpm cpm
B 2642 266 s
12 49)
36} (58) aos) [C)) zl;f)
MA 3796 859 I
600 1954
. an (o) 503) (258) 2(;;’:)
Sl:g:’ 604 1209 1577 174
sy Qsn asn 2m
Ic 2664 481 855 330 207
53 39 s (60) {49
meay
n J(’li;) 553 1044 1033 1090
aon 259 asn 1




number of

patients

6

[

4 -

34

2

R L]
T T L T T T
1 19 181 1729

concentration of PPD
Fig 1 Optimal of PPD for I; of

Iymphocytes obtaned from adenoids / tonsils {open
columns) and from blood thatched columns)in 11 BCG

patrents und g or tonsi!
lectomy Concentration ! 1s equal to 5 pg of PPD per
500 pl

culture In all § cases a linear increase i thynudine
meorp on was ob d with g content
of PBL A typical result 1s shown n Fig 2

Influence of Monocytes

The proportion of esterase positive cells was
considerably smaller in the tissue cell suspenston
than 1n blood mononuclear cells In 9 patients the
content of esterase positive cells was 1 mean 13%

cpm
3000 L
,
2000 .
1000 .
T e T T
00 80 60 40 20 0 *AAVL
0 20 40 60 BO 100%PBL

Fig 2 Thymudine incorporation tn mustures of autoto
gous lymphocytes obtaned from adenoids (AVL) and
bload (PBL) of a BCG vaccinated patient Each culture
contained 105 cells and was stimulated by 0 5 pg PPD

(range 6-25%) 1n PBL and 3% (range 1~5%)u
AVL/TL To investigate whether the low respons:

veness to PPD of AVL/TL as compared to PBL
was related to this difference plastic adherent cells
were purified from blood and added to cultures of
AVL or TL from the same individual (Table 3)

Addition of 5% plastic adherent cells was followed
by a moderate but statistically significant increase 1n
thymudine incorporation (p<<0001) A further
increase of plastic agherent cells to 10% and 15%
(in some cases even to 30%) was not followed by
any further sncrease in thymdne incorporation In
4 of the patents (BJ MA AS and TC) monocytes
were added to rdentical cultures without PPD I
these patients this addition did not mcrease
thymidine incorporation 1n unstimulated cultures
except for the patient MA (the only adult)

In cultures of purified monocytes (105 per 500 1)
no response to 0 5 g PPD was found m 3 BCG
vaccinated persons Mean thymidme incorporation
149 cpm (cultures without PPD 150 cpm)

Influence of T Iy mphocy tes

T lymphocytes were purified from the blood of 4
BCG vaccnated patients by passing the mono
nuclear celis through a nylon fiber column and ad
ded 1n various concentrations to autologous cultures
of AVL or TL (Table 4) In PPD stumulated cul
tures addition of 5% T lymphocytes was followed
by a doubling of thymidine incorporation A simfar
1ncrease was seen in identical cultures without PPD
Addition of increasing numbers of T lymphocytes
(10% and 15%) was not followed by any further
ncrease n thymidine incorporation

In cultures of purified T lymphocytes (10° per
500 ul) high responses to 0 5 ug PPD were found
3 BCG vaccinated persons Mean thymidine incot
poration 6129 cpm (cultures without PPD 722
cpm)

Polyclonal Acthators

%‘hymldme 1ncorporation 1n cuitures of AVL and
PBL stmulated by PHA PWM and Con A Was
compared 1n BCG vaccinated and unvacctnated
patients (Table [) No differences were found except
for a shghtly lower response to PWM n the
unvaccinated group

The dose response pattern for PHA was sumilar
in cultures of AVL and PBL

DISCUSSION

It has previously been demonstrated that the
response of blood fymphocytes to purified protein
dervative of tuberculin 1s Well correlated to the



TABLE 3 Influence of Addition of Autologous Monocyles Purified from the Blood on Thymudine Incorparation by
AVLITL Sttmulated with 0 5 ug PFD

Additon of monocytes™

Response of  Response of AVL/TL after addion % esterase

Age  Response of AVLITL of the foltowing propotion -positive celis 1n
Bersol  (ar9) PBLcpm cpm of plastic adherent cells suspension
e
S%cpm 10%cpm 15%cpm atdes

AP n 4210% AVL 37 EEY] 270 332 68

AR u e AVL mn 360 202 183 €0

SF 9 1588 T 3¢ 65 e 128 80

AG 15 4380 L 44 499 424 362 44

M5 14 3661 TL 168 1019 57 585 69

BS 8 2642 AVL 266 422 828 922 7
(58) o) a2 asn

MA 7 3796 T 859 1667 3074 2939 78
i1 [{REN] 1278) (2329

AS 10 5103 L 604 1202 1160 1070 8)
asy @on 3on 228

< 1 2664 T 481 740 935 626 79
39 a3s ars [SE2H]

mean 3196 301 701 849 301 7

5D %1413 289 =508 909 =879 12

*in & of the panents monocytes were added to 1denucal cultures without PPD {thymdine meorporation given
1n patentheses}
The values 1ven are not corrected for tymtdine incoTporation in unstimulated cultures which for PBL was mean
157cp m {range 38~365c p m )and for AVL/TL 72c pm (range 37-152cpm)

TABLE 4 Influence of Add tron of Autologous T Lymphocytes Purified from the Blood on Thy midine Incorgoration by
AYLITL the Cufsires were Snmutated by O S g PPD The Vatues Gven ire n01 corrected for ¥y mudine Incorporanion
1t the Correspond ng Unsumulated Cultures (Grven tn Parentheses)

Response of AVL/TL afier the addition of

Person Response of Resporse of 5% 0% 5%
PRLepm AVLiTLTpm T T E
<pm cpm < ‘: m
] 2642 266 512 491 235
(136) (58) 10s) @y LI
MA 319 859
1600 1954 478
(35 110 1503 258 W
AS 5103 604 1209
(577 134
. asn (152 51 352) 127;)
C 2664 483
255 330
53) 89 amw 160} 1(2;)
e
n 3851 353 1044 1088 1090
{uon 259 {asn (V551

—~—



number of

patients
6
5
4
4 by a mod:
3 4
2 4
) [
T T 1 T T T T )
1 19 181 1729
concentration ot PPD
Fig 1 Optimal of PPD for it of

(range 6-25%) 1n PBL and 3% (range 1-5%) 1
AVL/TL To investigate whether the low sespons
veness to PPD of AVL/TL as compared to PBL
was related to this difference plastic adherent cells
were purified from blood and added to cultures of
AVL or TL from the same dividual (Table 3)
Addition of 5% plastic adherent cells was folloned

but Ily ncrease in
thymidine incorporation {p<0001) A further
increase of plastic adherent cells to 10% and 15%
{in some cases even to 30%) was not followed by
any further ncrease 1 thymudine incorporation Tn
4 of the pauents (BJ MA AS and TC} monogytas
were added to rdentrcal cultures without PPD In
these patients this addiion did not increase
thymidine 1ncorporation 1n unstimulated cultures

except for the patient MA (the only adult)
In cultures of purified monocytes (105 per 500 ul}
no response to 0 5 pg PPD was found n 3 BCG

lymphocytes obtained from adenoids / tonsits (open
cotumns) and from blood (hatched columns) 1n 11 BCG
vaccinated patients undergoing adenoidectomy or tonsi
lectomy Concentration ! 1s equal to § pg of PPD per
500 pl

culture In all 5 cases a lmear increase 1n thymidine
incorporation was obtained with increasing content
of PBL A typical result 1s shown in Fig 2

Influence of Monocy tes
The proportion of esterase posttive cells was
considerably smaller in the tissue cell suspension

than tn blood mononuclear cells In 9 patients the
content of esterase positive cells was 1n mean 13%

cpm

3000 S
2000

1000 .

.
.o

0 %% AVL
100 % PBL

I A T T
0o 80 60 40 20
0 20 40 60 80
Fig 2 Thymdine incorporation tn mxtures of autoto
gous lymphocytes obtained from adenoids fAVL) and
blood (PBL) of a BCG vaccinated patient Each culire
contamed |05 cells and was sumulated by 0 5 pg PPD

26

d persons Mean thymdine incorporation
149 cpm (cultures without PPD 150 cpm)

Influence of T Iy mphocs tes

T lymphocytes were purified from the blood of 4
BCG vaccinated pattents by passing the mono-
nuclear cells through a nylon fiber column and ad
ded 1n various concentrations to autologous cultures
of AVL or TL (Table 4) In PPD sumulated cul
tures addition of 5% T lymphocytes was followed
by a doubling of thymidine incorporation A similar
1ncrease was seen 1n identrcal cultures without PPD
Addition of bers of T lymph
(10% and 15%) was not followed by any further
ncrease m thymidime ncorporation

In cultures of punified T lymphocytes (10° per
500 p21) bugh responses 1o 0 5 pg PPD were found in
3 BCG vaccinated persons Mean thymsding mnbor
poration 6129 cpm (cultures without PPD 722

cpm)

Polyclonal Actnarors
Thymidtne mcorporation 1n cultures of AVL and

PBL sumulated by PHA PWM and Con A was
compared 1n BCG vaccinated and unvaccinated
patients (Table 1) No differences were found except
for a shghtly lower response to PWM i the
unvaccinated group

The dose response pattern for PHA was simitar
1n cultures of AVL and PBL

DISCUSSION

It has previously been demonstrated that the
sesponse of blood lymphocytes to purified protem
denvative of tuberculin 15 well correlated to the



ABLE 3 [nfluence of Addition of Aulologous Monocytes Purified from the Blood on Thymidine Incorporation by
AVL{TL Stimulated with 0 $ ug PPD

Addition of monocytes*
Response of  Respomse of AVL/TL after addion % esterase
puasn, A Response of AVL/TL of the following proportion posive cells 1n
(years) PBLcpm epm of plastic adherent cells
S%cpm W%cpm 5%ecpm added
AP 2 42100 AVL 37 n 210 x> 68
AR I H {2 AVL 247 360 202 188 60
SF 9 1588 TL 34 65 16 138 30
AG 18 4380 L 4 499 a2 362 44
MS 14 3661 TL 168 1019 5 585 69
B! 3 2642 AVL 266 422 838 922 79
(53) {102y an asn
MA 77 3796 TL 859 1667 3074 2939 7%
moy (53 11278} 12322)
AS o 5103 1L 604 1202 1160 1070 8
as) {201) aon 228
™ 1) 2664 TL 481 740 938 626 19
@9 [{k}1) Qs Qs4
Tean 146 301 701 849 801 7
*SD  +1413 +289 +508 =909 z 879 %11

“la 4 of the pauents monocytes were added to 1deptical cultures without PPD (thymidine ncorporation gtven
1n patentheses)

PThe values given are not cotrected for thymidine incorporation tn unstmutated culrures which for PBL was fean
157cpm (range 38-365 ¢ p m )and for AVL/TL 72 ¢ pm (range 37-152¢cpm)

TABLES [nfluenceaf Add tam ol 4 alaon T1 w e = © &
AVL

Respotise of AVL/TL afier the addinon of

Response of
Person PB{cpm A&Sf;\n.s::{m T o T1 ,026 T -
cpm cpm cpm
B 2642 266
136y {58} (?&l)g) g;? z(gf)
Ma 3196 9
[(50) \?\m lll;‘l)ig) l(ng) l(:17§)
AS 5‘1‘% 603 1209 1577 1141
i) Qsn 57) »
ic 2884 481 855 13
) 39 am (650) Pl
mean :ﬁg ; 551 144 1033
) (102) 259 usy el

= ®n
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degree of tuberculin sensitivity 1n the cell donor (4)
This antigen was employed 1n the present study for
stmulation of lymphocytes 1solated from adenods
tonsils and blood 1n patients with known status of
BCG vaccination  Much higher responses were
found d than patients
this was demonstrated for PBL as well as for AVL/
TL (Table 2) The major part of PPD responsive
ness 1s specfic In tubercubin skin test negatyve
individuals blood lymphocyte responses to PPD
were maximally 10% of the responses i persons
with 2 posittve skin test (3) The data presented here
demonstrate that also AVL/TL are specifically
stimulated in the vaccinated patients

No important differences were found between
BCG vaccinated and unvaccinated patients as re
gards Iymphocyte responses after stmulation with
polyclonal activators or 1n unstimulated cultures

Responses of AVL and TL to PPD were much
lower than those of PBL This was found in
vaccinated as well as yn unvaccinated patients
Stmilar findings were made by Sugpama etal (11)
Contrary to this Mazuran el al (6) found higher
responses to PPD in TL and to a lesser degree n
AVL than m PBL The patients examined In the
latter study were all BCG vaccmated immediately
after birth and the experimental conditions were
different The cell density and the concentration of
PPD were markedly higher cultures were incuba
ted for 96 hours and the transformation response
was evaluated as a percentage of blast like cells 10
this latter study

In mixed cultures of AVL/TL and avtologous
PBL 1t was demonstrated that thymidine incorpora
tion followsng PPD stimulation was directly corre
lated to the nmumber of PBL t the muxtures This
suggests that the low responsiveness to PPD of
AVL/TL 1s due to lower numbers of responding
cells rather than the effect of differences in
suppressor or helper cells

As reported previously (7) the concentration of
monocytes was much lower in cell suspensions
obtamed from adenoids and tonsils than from
blood adherent cells purified from blood and added
1n various numbers to autologous cultures of AVL
or TL did not rase the response to the level of PBL
responstveness Yet a small but sigmificant increase
was seen after a 5% increase of the monocyte
concentraton 1n AVL or TL So the monocyte
macrophage actwvitv in the tissue cell suspension
seems insufficient for optimal lymphocyte sttmula
tion 1n this m wvitro system but the differences
between responses to PPD of AVI /TL and of PBL
cannot be explained quantitatively this way These
results are 1n agreement with the findings of
Sugiyama etal (11) who reduced the concentration

of adherent cells (on absorbent cotton) in prepara
tions of lymphocytes isolated from tonsils and blood
of persons with a positive shin test (0 tuberculin
Responses to PPD were slightly reduced 1n PBL and
markedly reduced or absent in TL

The proportion of T Iymphocytes tn cell suspen
sions obtained from adenoids and tonsils has been
found slightly lower than in the blood (2 6 7 {0)
Further qualtative differences could be present T
lymphocytes purtfied from blood were therefore
added to cultures of AVL and TL Only a small
Increase in thymidine incorporation was Seen
which was of simzlar proportion i PPD stumulated
and unstimulated cultures

In concluston AVL and TL demonstrated a

ly smaller pr ve response to PPD

than did PBL Addition of autologous monocytes or
T lymphocytes purtfied from the blood caused only
small increases 1n the responses of AVL/TL Thus
the discrepancy between tissue and blood cslls
seems due not to a deficiency of helper cells buttoa
smaller proportion of PPD sensitized Jymphocytes
1n the tissue cell suspension

Mrs Inge Torp and Mrs Anne Ambyornsen are thanked
for excellent techmcal assistance and cand scient Lars
Ryder for help mn statistical calculations
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HUMAN T CELL RESPONSE TO HERPES SIMPLEX
VIRUS ANTIGEN /N VITRO
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Berle E J Jr & Thorsby E Human T cell response to herpes stmplex vins anugen in witro Acta
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vieus T anugen (HSV Ag)added to T ells from individuals with climcal history of
I;:p;sg::m::;ﬁ rl‘:bxawl?: uusczs a proliferauve response ¢ witro This T cell response requires
presensitzation of the responding cell donor and will occur only in the presence of adherem ceits (ma.
crophages) The wtensity of the response 1s closely related to the number of adherent cells present,
bemg optimal at a rauo of 10 1 between T cells and adherent cells Prelimunary studies also indicate
that the response to HVS Ag 15 restricted by the HLA D/DR determmants of the T ¢zll donor

Key words T cell response herpes simplex virus antigen human
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Previous ivestigations by our group have dealt
with different aspects of T lymphocyte responses
owards antigens (Bergholt~ & Thorsby 1977 1978
1979) and haptens (Thorsby & Nousiamnen 1979} in
viro Using punfied protem denvative (PPD) of
wberculin 1t was shown that thus antigen caused a
proliferative response of T lymphocytes from
sensitized individuals provided that adherent cells
{macrophages) were present More important the
T macrophage cooperation required that the ma
crophages expressed at least one of the HLA D/DR
molecules of the T cell donor The HLA D
Testrtetion of this response was recently confirmed
by Hansen et al (1978)

Since HLA D/DR restriction of the antigen
Specific proliferative response of T cells from
seastuzed individuals has as yet only been demon
strated for PPD 1t was necessary to confirm these
Sbservations using another antigen We selected
herpes simplex virus (HSV) type I antigen because
Previous swudies had shown that T cell enriched
Populations from patients with recurrent herpes.
labualis will probferate 10 response to HSV Ag
vitro Wurchrier et al 1978 Shillitoe et at 1978)
The degree of adherent cell dependency of this
fesponse however had not been studred in detart

Studies of T cell immune response to HSV 1n
vitro are also important because lutle s kaown of
the role of different immune respanses ta. protection
aganst recurrent HSV infection  For instance
L1 .

. o
wipp 1944}

The aum of the studies 1eported here was 1o {1)
mvestigate whether the T cell proliferatne response
to HVS antigen i vatr0 was dependeny on adherent
cells (2) whether mdividuals with and without
cliucat history of recurremt herpes labralis differed
1 therr T cell responsivencss and (3) whether the
TeSPonse was restricted by the HLA D/DR deter
munants of the T cell donor

MATERIALS AND METHODS
Cel! Donors
Blood samples were taken {rom oth,
members of the hospigal mots e gy

sl Cell donors were grouped
XOTding 1o the presence or absent ;

neytralizing
Anamnesue

3



evidence of previous infection all had complement
binding antibodies with ttre <8 or nentralizing
ibodies with titre <2 C binding reaction
was performed by the standard techmque and with
commercially available anugen (Orion Diagnostica
Helsinki Finland) The neutralizing test was performed
using 100 ussue culture infecttous doses of HSV hominis
type I on vero line of African green monkey kidney cells
Serology testing was performed by Dr Af Degré
Institute of Bacteriology The National Hospital Qslo

Herpes Stmplex Virus Antigen

We have used lyophilized herpes simplex type 1 CF
{complement fixation} antigen produced n monkey
kidney cells (Orion Dragnostica Helsinki Batch D |
Catno D 428) The control anugen used (Orion
Diagnosttca Batch D 1 Catno D 711) has been
processed corresponding to the CF antigen but it does
not contain herpes simplex type 1 virus antigen

HLA D and HLA DR Typing
Typing of the cell donors was performed with
techniques and  reagents  previously  described

Wlbrechtsen et al 1978)

Cell Separation Technigues

Defibrinated blood was separated by the Ficoll
Isopaque flotatton techmque (Bovwm 1968) using
Lymphoprep (Nyco Oslo Norway) The peripheral
blood mononuclear cells (PBM) thus obtamed were
washed twice at 600 x G in RPMI 1640 (Gibeo Biocult
Glasgow Scorland)

Latex Ingestion

One hundred pl latex {Bacto Latex 081 Dufco
Laboratories  Michigan USA) was added to 10 mt
RPMI 1640 Cell suspensions were adjusted to 1 x 108
per ml Equal parts of cell and latex suspension were
sncubated for 30 min at 37 °C and the number of latex
ingesting cells per 100 was counted

T Cell Preparation
The PBM were suspended in tissue culture medium

1e RPMI 1640 with 100 I U pemcillin/ml 100 pg/m]
streptomycin and 20% normal scrum from a pool of
healthy blood dontors This serum was not screcned for
anti herpes virus anubodies The cells were then
ncubated 1n 25 cm? flat bottomed tissue culture flasks
(Catno 3013 Falcon Cal USA) for 2 h at 37°C
Following this incubation the non adherent cells were
pipetted off and tade to form rosettes with ALT treated
sheep red blood cells (SRBC) (Peilegrino et al 1976) The
adherent cells were incubated further (see later) The
rosettes were gently resuspended in RPMI 1640 without
serum and separated fiom non=T« cells by Ficoll
Isopaque flotatton The SRBC were lysed with normat
serum containing anti sheep xeno antibodies  washed
twice and resuspended i tssue culture medwm This
cefl 4 was d i flat tissue
cnlture flasks overmight at 37 °C i order to remove
further remainng adherent cells After incubauon for

approx 20 h the non adherent cells were pipetted off and
washed twice 1n RPMI 1640 a1 600 x G The adherent
cells from this preparation were discarded In order to
obtain pure T cell populations the non adherent cells
were again made to form rosettes with AET treated
SRBC After Iysing the SRBC with normal serum the
cells were washed twice resuspended m tissue cufture
medium and adjusted to 1 x 106 cells per m] This cell
population was designated »T cells  More than 80% of
these formed rosettes with AET treated SRBC less than
2 % ingested latex and less than 1% were Ig positive
95% of the cells proved viable by means of Trypzn blue
excluston

FPreparation of Adherent Cells

The adherent cells were obtained from the PBM afeer
the inttial incubavon for 2 h and from the non T fraction
following the first step of the T eell preparation Afier
avernight incubation at 37°C 33 ul/mt EDTA was
added and the cells were loosened by vigorous pipetting
afier incubation on ice for 90 min The cells were washed
three times at 4 °C and 500 x G resuspended in tissue
culture medium adsusted to | X 105 cells per ml and
kept on 1ce unttl used Of these adherent cells designated
»Macrophages« (M @) more than 85% ingested latex To
intibit any contributing proliferation of the adherent
cells these were always irradiated with 2000 rad before
use

Cell Culture Techmques

Flat bottomed microtitre plates were used {TC disc
3590 Costar USA) in all expennments A conswant
number of 5 x 104 T cells was added to each well and
adherent cells (M o) were added 1n a decreasing number
from S0 000-500 per well HVS Ag antigen was
diluted tn trssue culture medium and decreasing concen
trations of anugen were prepared Twenty pl of these
solutions was added to each well making a final volume
of [70 pl and final HSV Ag concentrations rangtag ffom
110to | 106 To test the T cell responses to nonspecific
mitogens cultures were incubated for 3 days with
Phytohaemagglutinin (PHA) (W ellcome Research Lab
England) in final concentrations of | 100 per well

All combinations were performed in triplicate and
cultured from 2-15 days at 37 °C After the set number
of days 1n culture 0 2 ml 1 0 pCi of JH thymidine was
added to each well and after an additional 24 h of culture
the plates were harvested with a semi automahc
multiple harvester (Skatron Lierbyen Norway) Incor
poration of 3H thymidine was assessed by Iquid
scinttllation counting and the results were expressed as
counts per minute {cpm) = SE or as median cpm (o

save space)

RESULTS

T Celt Stimulanon by HSV Ag
In order to study the T cell prohferative capacity

to HSV-Ag and to ascertan whether or not the
response 15 dependent on adherent cells 5 x 105T



T, rolsferasive T HSY-, L Donors it i 1 Returrent
ABLE § Prolferauive Response of T Celts 1o 5¥-Ag 10 vueo of Cell Donors with Chrical History of Recw

Herpes Labiohs

T cell donor Ax:’:x :”Sz) HSV-AgD Teetls alone™ T+Mp telts9

- 172 18%) 343 26

&8 7 . W 3% 3478465

- 95 30 12122309

v v . ot 37 38595572

- 48 9 235 94

ABT 1 & $06196 4185 37

- 325160 268+ 31

i ¥ + 54932634 158362882

- 207 20 1342 1

R “ + 8= 59 119972138

N
:) . ot 1o thymidine afier c:xlhue.(arl‘ ., W ;xcvm =S E of triplicates

cells from mne domors with chimcal hustory of
recurrent herpes labiahis were tested All donors had
an (heteased Jevel of antrherpes virus anptibodies
{see »\atersals and Methods«? The results of 6-day
cultures obtaned using cells from five of the
donors are shown in Table | Inall five cell donors,
a strong T cell response to HVS Ag was seen
provided that autologous agherent ceils were aiso
present. Antigen added 1o T eells alone caused no or
only a weak response {donors UH and ET) There
w45 Do response to the control antigen Sinular
sesults were obtained usiog T cells and adherent
¢elis from an addiuonal four donors soth chinscal

fustory af sam e T

fr
Ay wuawa not shown)

The T Celf Response Requires Presensitizasion
of the T Celt Donor

Having found a T cell response to HSV-Ag 1n
sensitized donors we tested qune individuals with-
out dhimeal Yustory of recurrent herpes labialis as
®ell as four neonates The results of represemative

expernnments are skown i Tables 2 and 3 Neither
cell donors without chinrcal history of recurrent
berpes labialis {Table 2} nor neonates (Table 3} were
found (o respand to HSV Ag, regardless of w hether
avtologous adherent cells were présent or not As a
control, the proliferative capacity of T cells from
these non responding donors was tested using PHA,
s was found to be with o ~

nec .

sot *

har i 01 1avie 3)

Dose-response Investigations

The probferave tesponse of the T cells was
lnearly cocrelated to the final coneentranen of
HSV-Ag The antigen did not 2ppear ta be {oue,
€ven at final concentrations of up to 1 10 Based on
these data an anugen concentration of 1 100 was
vaed iy subsequent experiments,

in order %o study further the mactophage
dependency of the anu HSY TeSponse, we ivestiga-
124 the influence of the number of macrophages on
the T cell yesponse, usmug a constapt nymber
(50 000) of responding T cefls and adberent cells in

"



evidence of previous infection all had complement
binding anubodies with ttre <8 or neutralizing
antibodies with titre <2 Complement binding reaction
was performed by the stapdard technique and with
commercially available antigen (Orion Diagnostica
Helsinks Finland) The neutralizing test was performed
using 100 ussue culture mfectious doses of HSV hominis
type L on vero line of African green monkey kdney cells
Serology testing was performed by Dr M Degré
Insuitute of Bacteriology The Nationat Hospital Oslo

Herpes Simplex Virus Antigen

We have used lyophilized herpes simplex type ! CF
(complement fixation) antigen produced n monkey
kidney cells (Orion Diagnostica  Helsink: Batch D |
Catno D 478) The contro! antigen used (Orion
Diagnostica Batch D | Catno D 711) has been
processed corresponding to the CF antigen but 1t does
not contatn herpes simplex type 1 virus antigen

HLA D and HLA DR Typing

Typing of the cell donors was performed with
techmques and  reagents previously  described
{Albrechisen et al 1978)

Cell Separation Techmgques

Defibrinated blood was separated by the Ficoll
Isopaque fotatton techmque (Boyum 1968) using
Lymphoprep (Nyco Oslo Norway) The peripheral
blood mononuclear cells (PBM) thus obtained were
washed twice at 600 x G in RPMI 1640 (Gibco Brocult
Glasgow Scorland)

Latex Ingestion
One hundred pl latex {Bacto Latex 031 Difco

Laboratories Michigan USA) was added to 10 m!
RPMI 1640 Cell suspensions were adjusted to 1 x 106
per ml Eqgual parts of cell and latex suspension were
incubated for 30 min at 37 °C and the number of latex
ngesting cells per 100 was counted

T Cell Preparation

The PBM were suspended in tissue culture medium
1e RPMI 1640 with 100 1 U penictitn/m! 100 pg/mt
streptomycin and 20% normal serum from a pool of
healthy blood donors This serum was not screened for
antt herpes virus antibodies The cells were then
mcubated 1n 25 ¢cm? flat bottomed tissue cuiture flasks
{Catno 3013 Falcon Cal USA) for 2 h at 37°C
Following this incubation the non adherent cells were
pipetted off and made to form rosettes with AET treated
sheep red blood cells (SRBC){(Peilegrino er af 1976) The
adherent cells were incubated further (see later) The
rosettes were gently resuspended 1n RPMI 1640 without
serum and separated from >non-T cells by Frcoll
Isopaque flotaion The SRBC were lysed with normal
serum containing ant: sheep xeno antibodies washed
twice and resuspended 1n tissue culture medum This
cell was m flat d tssue
culture Nasks overnight at 37 °C 1n order to remove
further remainmg adherent cells After incubation for

approx 20 h the non adherent cells were pipetted ofT and
washed twice 11 RPMI 1640 at 600 X G The adherent
cells from this preparation were discarded In order to
obtain pure T cell populattons the non adherent cells
were again made to form rosettes with AET treated
SRBC After lysing the SRBC with normal serum the
cells were washed twice resuspended 1n tissue culture
medum and adjusted to 1 x )06 cells per ml This cel}
population was designated »T cells More than 80% of
these formed rosettes with AET treated SRBC less than
2 % ingested latex and less than 1% were Ig posiuve
95% of the cells proved viable by means of Trypan blue
exclusion

FPreparation of Adherent Cells

The adherent cells were obtatned from the PBM after
the imitial incubation for 2 h and from the non T fraction
following the first step of the T cell preparation After
overnight incubation at 37°C 33 pl/ml EDTA was
added and the cells were loosened by vigorous pipetting
after incubation on 1ce for 90 min The cells were washed
three times at 4 °C and 500 x G resuspended 1 tissue
culture medium adyusted to I X 105 cells per ml and
kept on ice untid used Of these adherent cells designated
»Macrophages « (M @) more than 85 % ingested latex To
mhibit any contributing prohiferation of the adherent
cells these were always 1rradiated with 2000 rad before
use

Cell Culture Techmques

Flat bottomed mucrotitre plates were used (TC disc
3590 Costar USA) 1n all expeniments A constant
number of § x 104 T cells was added to each well and
adherent cells (M @) were added 1n a decreasing number
from 50 000-500 per well HVS Ag antigen was
diluted 1n ussue culture medium and decreasing concen
trations of antigen were prepared Twenty ul of these
solutions was added to each well making a final volume
of 170 pl and final ISV Ag concentrations rangtng from
110to 1 106 To test the T cell responses to nonspecific
mitogens cultures were incubated for 3 days with
Phytohaemagglutinin (PHA) (Wellcome Research Lab
England) 1 final concentrations of | 100 per well

All combinations were performed 10 triplicate and
cultured from 2-15 days at 37 °C After the set number
of days wn culture 0 2 ml | 0 pCiof 3H thymidime was
added to each well and after an addittonal 24 h of culture
the plates were harvested with a semi automatc
multiple harvester (Skatron Lierbyen Norway) Incor
poration of 3H thymudine was assessed by liquid
scintillatton counting and the results were expressed as
counts per minute (cpm) = SE or as median cpm {to

save space)

RESULTS

T Cell Stimulation by HSV-Ag

In order to study the T cell proliferative capacity
to HSV Ag and to ascertain whether or not the
response 15 dependent on adherent cells 5 x 104T
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Fig 1 Infivence of dumber of macraphages on the T cell
response o HSV-Ag 5 x 104 T-enriched cells were o
cultured with varying quantities of autologous mafro-
phages (shown on the abseissal 3nd sumulated with
HSV Ag {final concentration 1 100} All culures were
hacvested on day 6 and the results ae expressed as mean
com 2 se

Amenes

Fig 2 shows the resulis of four expenments
mvofving two ¢cell donors with, and tvo without a
clintcal hustory of recurfent herpes labialis The
strongest Fesponse was seen mn (he (wo cell donors
w(th clyucal hastory of rectrrent herpes labrafis The

CPMe10
7

B

2% 4 5 ¢ 7 & 8 @ % @ fays

Fig 2 Wunttis of the macrophage-dependent T celt
response 10 HSV Ag § x 104 T-enriched cells werg co-
aittured wath 3 % 109 autologovs macrophages and
stsmulated with HSV Ag (final concentration | 100) for

. .
HSY anubodies

. # T+ Mo from cell donor with history of
posSible oue attack af herpes labrateg zod
. with ants HSV anubodyes

@ T+ Mo from exlt donor without bistory
of fierpes labialis and without anu HSY
anubodies

All results expressed as median cpm of triplicates (s saxe,

peak of the proliferative vesponse Was bd‘;\em day
6 and day 10 A shight response was seen in one of
the two negative contrdls

Tue T Cell Resporse Appecrs jo be

HLA-D Restricted

Qur resalis show that the T cell response to
HYV-Ag requires sensitzation of the T eell donor
and cooperation from adherent cells These observa-
nons provided an opportusiity to study whether the
HSV-Ag speific T cell response was restricted by
the self HLA.D/DR determinagts of the T cxit
donor T cells and macrophages from unrelated
HLA-D/DR typed donors were mied Table 4
shows the daiz from two typical experiments
sndating that HSV-Ag together with allogeneic but
HUA D/DR identical or compauble macrophages
will 1nduce an antigen-specific response similar tQ
that seen 1 autclogous muxtures tn contrast, in
fully HLA D/DR disparate combimnations. no or
only slight HSV-Ag response was seen There was
some response in combinations where the T celt and
macrophage donor shared one of thetr two HLA-
D/DR determmants, but this was psually lower
than 15y allogeperc HLA-D/DR enucal combina-
trons Simlar results were obtained using other cell
donors Detals of these studies ®ilt be published
elsewhere

DISCUSSION

Qur expeniments show that T cells from sensituzed
imdrviduals will respond to HSV type [ Ag i vitro
The results reported by Stullisoe er af (1978) and
Rirctiner et af (1978} also suggested that the
probferative lymphocyte responses to HSV.| sz
¥itro were tmediated by T cells Furthermare, our
studies demonsteate that the HSV.Ag T celt
Tesponse 1s dependent on adherent cells, since T cells
alone do not proliferate when sumulated with HSV

Ag rMa@mphag&s alone did not proliferate when
Prnfraniad = U1 ot

s L Uil 16816 10 our study

As can be seen from Table 1, there 1s a great deaf
of vanation in the mtensity of the T cell response to
HSY-AR This may be due to dyffersnces o the
immunological siatus of the celf donors, since the
Stage of disease ®as not gaken o account,
Someumes a shght HSV.Ag speayfic fesponse was
2150 Seent s the T cell poputaton atone (donors UH
and ET, Table {} Having already noted (Fig 2)hat
2s ble 23 3% M© are able 10 mediate 2 T e}
esponse to HSV.Ag 1 seerus reasonable to assume



TABLE 2 Proliferative Response of T cells to HSV Ag 1n vitro of Celt Donors without Evidence of Previous fery

Labialis
Ang HSV
T cell donor antibodies HSV Ag T cells alone T+Mecells
- 194x 8
AB 5 6 488115
+ 496+ 235 2492 86
- 208 74 194 46
KG 2
+ 293147 396233
- 1200351 2076169
OIB 2
+ 1535617 21542522
- 101 14 UEE]
™ ot tested
+ 299 53 165+ 9
- 174 34 224 30
MS <2
+ 205 33 362+ 21

Legends and culture conditions as given in Table !

decreasing quantittes from 50 000-500 Fig ! sponse of T cells was seen The optimal T &Il
shows the results of two of a series of four response occurred at T M@ ration between 101
experiments giving stmilar results EvenataT/Mo  and 105 decreasing at higher concentrations of

ratio of approximately 50 I some HSV Ag re  macrophages

TABLE 3 Proliferative T Celt Response to HSV Ag in Neonates

T cell donor HSV Ag T cells alone T+l;\llagoilrls N PHA respouse?)
- 86 16 18352118 5627 754
Neonaie + 69+ 14 2269+313 3049 812
- 3352134 1916334 23529£3109
Neonate B + 756 =130 2232+ 68 24219£2218
- 165 41 279 52 109451 %5019
Neonate C . 01 61 —— 60478 3 801
- 41+ 19 102+ 22 624062111
Reonats D Biz 3 169 42 48 580 1 501

+

104 PBM were used

)} Inneonates AL B 5
104 T cells + 5 x 103 macrophages were used

InneonatessC&D 5
2) Same number of cells as de cribed under ')
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Fig 1 1pluence of number of macrophages o ihe T o)
cespanse o HSV Ag § x 104 T-enriched cells were co

cultered with varying quanuties of autologous macro

phages (shown on the abscssa) and stmulated @ith
HSV Ag (final congenurstion ¥ 1003 All cultures were
harvested on day 6 and the Tesults art papressed 35 roean
pm % se

Kineges

Fig 2 shows the cesults of four expenments
mvolving (wo celf donors with, and two without a
chimeal history of recurrent herpes labalis The
Songest fesporise Was Seen n the two cell donors
with climical fustory of securrent herpes fabialis The

cemuitt
*
[

5

_/

2 1 & 5

ek af the grohferauve response was berwern day
6 and day 10 A shight response zs seen in one of
the tWo negative controls

The T Cell Response Appears to be

HLA-D Restricted

Qur results show that the T cell response to
HSV-Ag requires sensityauon of the T cell donor
and operation from adherent cells These absena
tions provided 2n opportunity to study whether the
HSV-Ag speaific T cefl response was restncsed by
the self HLA-D/DR determinants of the T cell
danot T cells and macrophages from unrelated
HLA-D/DR typed donors were mued Table 4
shows the data from fwo typical expenments
indicating that HSV-Ag together with allogeneic but
HLA-D/DR wdentcal or compauble macrophages
wall snduce an antpen-specific sespone Ssmias 1o
that seen 1 autologous muxtures In contrast yn
fully HLA D/DR disparate combmations no of
anly slight HSV-Ag response was seen There was
some fesponse in combtaations where the T cell and
macrophage donor shared one of their two HLA-
D/DR determunants, buf this was usually lower
than 1n altogeneic HLA-D/DR sdentical combima
vons Sumiar results were obtained using other celt
donors Detatls of these studies will be published
elséwhere

DISCUSSION

Our experiments show that T cells from sensiuzed
mdwviduals will respond to HSV typel Ag in vitro
The results reported by Shullitoe et af (1978) and
Kirchner et al {1978) also suggested that the
profiferayve lymphocyte responses 10 HSV I m
vitro were mediated by T cells Furthermore. our
studies demonstrate that the HSV-Ag T cell
response 18 dependent an adheren cells since T cells
alone do ot proliferate when stimulated with HSV-
Ag rMacroDhagm ajone did pot prohferase when

€ 7 8 8 J0 N 12 Days
S 2 Kiteocs of die Pe: T oell
fesponse to SV Ag § x 104 T-eariched cells were co

culured with § X 107 autologous and

wak MSVoAe Sumalany, Shubiwe er ar
(1978) found that ngton wool punfied T celis

stmulated with HSV Ag (final copcentration 1 100} for
- v

® T+Mo from cell donor with hustory of
posuble one attack of herpes Mabralis and
with ants HSY anubodes
$--~-~& T+Mp from cell donor without hustory
of herpes labiahis and without auty HSV
bosiey

Brttbod
?ll r:;ulu expressed as tyeduan Cprst of inphicates 1o save
pace

ded less well to HVS in vitry Whether B cells
will probiferate when confronted with HSV-Ag 1
turo has got been tested gn our study
ASCan Ba pom fram T w0 .
of .
HE .
tmiliytiological status of the celt donars since the

Stage of disease was qot taken into account
S?meumcs 2 shight HSV-Ag spectfic recrinmca ~ -

v

Wosn W 113V A, It Seems reasonable 1o mu;le



TABLE 4 HLA-D Restriction of T Cell Response o HSV-Ag

HSV-Agh) Teellsd)  Teells+Ma3) Teells + Mo
alone autologous allogeneic
DR 1/7 DR {/7 DR 1/1 DR 1/3 DR 2/7 DR 313
- 177 49 180 31 803+ 185 98+ 14 23931657 9.993+£2744 13562 N
+ 889378 [7417+3230 13,935+2700 170921918 9,426+876 151851170 3051930
17,2374 13,132 16,994 1,033 5,193 1695
DR 1/8 DR /8 DR 3/8 DR §/6
- 299 56 343 42 200 26 3.8182426 40801589
+ 294 46 28,194 3877 25.652+4.963 12,600+ 387 5,093 970
27,851 25452 8,782 114

1) Final Ag concentration | 100
2) 5% 104 Tcells

3) § x 103 adherent cells

4) Incremental epm

that this phenomenon 1s due to shight macrophage
contamination of the T cell population

Lopez & O'Reidly (1977) showed that individuals
with recurrent disease and healthy individuals with
neutralizing anttbodies to HSV 1 responsed to
antigen n culture Normal indviduals without
neutralizing antibodies responsed with a sigmfi-
cantly lower response We found no sigmficant T
cell response 1n individuals without history of
herpes labalis Furthermore, T cells from newborns
(Table 3) did not respond to HSV-Ag, even 1n the
presence of adherent cells The response to PHA,
however, was found to be within normal hmits
Our HSV-Ag was not miogemc for T cells
Kirchner et al (1978) also found no lymphoprolife-
rative response to HSV-Ag using cord blood
However, a response was obtained using C
parvum

It 15 interesting to note the higher »background«
(1e without antigen) 1n cells from neonates A and B
than from neotates C and D In the former two
experiments PBM were used, and the tugher »back
ground« compared to T cells plus M@ 1n the latter
experiments may be due to spontaneous prolifera
tion of B lymphocytes

Our experiments indicate further that the adhe
rent cell-dependent T cell respanse to HSV Ag 15
restricted by self-HLA-D determnants We were
able to show m other studies that the lack of
cooperation between cells from HLA-D/DR dispa-
rate donors was not due to suppression or
cytotoxicity generated as the result of HLA-D/DR
dispanty between the T cells and adherent ‘cells

previously reported for the macrophage-dependent
PPD response of sensitized T cells (Bergholt: &
Thorsby 1977 and 1978, Hansen et al 1978

Studies 1n mice have shown that the cytotoxic T
cell response to virus tnfected cells 15 restricted by
products of the H-2 complex (Zinkernagel 1978}
Recent studies also indicate that at Jeast two T cell
sub-sets determme the resistance to HSV mn mice
(Howes ef al 1979) Studies are needed to se¢
whether the same 1s true tn man The experimental
setup reported here appears to be well suited for
these purposes, particularly since the same antigen
may by used for studies of the HLA-D restriction of
the proliferative response and the possible HLA-
ABC restriction of cytotoxic T cells towards HSV-
Ag expressing target cells

This work was supported by grants from the Norw egian
Society for Fighting Cancer and the Norwcgian Council
for Science and the Humanities We are grateful for the
technical assistance of Helena Nousiamen
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EXPERIMENTAL ESCHERICHIA COL{ 06 INFECTION
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f immunisation on Fesistance:
Ablstedt S Expenmental Escherichia coli 06 infection in muce 1 Effect of

11 relanon 1o O anubody tevels m mice of different straws Acta path mucrobiol scand Sect. C 88
39-45 1980

i mtraperitoncal snfecuon with £ colt 06 k2 bacteria and the increase of resistance
E::m:?uz:’m xmp:;‘me serum injection was znalysed in eight mouse strainis (CBA A/J CIH
CIH/He C57 B1/6] congenutally athymue €57 B) nu/nu and therr heterozygous nu/ + litter mates
as well 2 NMRI mice) A different susceptibility (o the infection was found among the strains This
was not related to endototin resistance of thymus deficiency or to the ability of the anmals to form
anibodies as measured with the enzyme linked immunosorbent assay ELISA Jmmunizaton of the
arumals with 5 x 107 £ colr 06 K13 bartena Tesvited 1n = smaller increase in resistance mn the fess.
susceptible CBA muce than in the more suscepuble A/} or CIH/HeJ mice This pattern was further

after repeated The of resistance by mmmumzauon seemed
1ndependent of T-cells since the nu/nu mice were as resistant as the nu/ + muce The w/ou mice
bowever formed less anubodies after vactination than did thew mu/ + fitter mates The lowmest
antibody responses were noted 11 the NVIRI mice but this was accompanied with Simitar Increase 1n
resistance compared With the other stramns forming 10 fold mote 06 antibodies Immunszation with as
lirtle as 102-104 bactena also resulted in 3 nise m resistance This was however actompanied by a
munute tncrease in antbody uter Despie content of munute antibody levels admtnistration of such
imMune serum gave protecuot of the reciprents [t was concluded that very sma)l amounts of
anubodies would provide protegton against £ coft mfection varymg from one mousé stram to another

Key words Expermental infection Escherichia colt 06 anubody level mice
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In systemic infection with Escherichta colt
bacteria 1t 15 well known that various defence
factors are of imponance These facwors of Tesis
tance ean provide efficient kdling and elimination of
bacterna as well as increase the resistance against the
endotoxn (1 2 4 7 11-14 16~18 21 22) The
mechanisms 1nvolved 10 the defence against bacte
mal infections have not beeh settled despite extensive
ivestizations (11} but genetic control has been
ndicated (8~10 18-20) Activation of the ymmune

system in the host by the bacteria has been shown 1o
result 1n protection both through the formanon of
antibodies (1, 3 12 13) and by stmulanon of
oltdtas actors 1), 3 4 14 19) Anubodies
presumably of high avidity agamst the somatte 0
antigen (1 3) or K antgen (12} are effictently
protective In different indviduats however, the
antdody Tevels have not been found closely related
to the level of protection reg;

ardless of what
antibody assay used (for review sez 16)

In the present investigation the 06 2atbody

.
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tance
Ablstedt, S Expersmental Escherichia colt 06 infection 1n muce [ Effect of fmmunisation off resss!

n Telaton to é: antibody levels 10 mice of different strams Acta path microbiol scand Sect C 8%
1945 1980

The susceptibility 10 intrapentoneal infection with E ¢oft 06 k2 bacterta and the increase of reststance
after immunization and immune Serum (njection was analysed tm eight mouse surams (CBA A/l CIH

C3H/He) C57 B1/63 congemutally athymuc C57 BI nu/nu and thewr heterozygous nu/ + lier mates
as welt a3 NMRI nuoe) A different suseepubiity to the nfectton was found among the strans Ths
was not related 1o endotorin resistance o thymus deficiency or 1o the abiliy of the antmals to form
antibodies as measured = =+ * - v -

ammals with § % 1072 -
susceptivle CBA mice th - . .

accentuated zfter repeated ymmunization The development of resistance by {mmunizavon seemed
independent of T-cells simce the Nu/nu mice were as resisiant ag the wt/ + mice The nu/nu muce
however formed less anubodies after vactination than did thetr nef+ Lster mates The lowest
anubody responses were noted 10 the NMRI mice but this was aconmpanied wsth ssimufar inerease m
Tewsuance compared with the other strains forming 10 fold more 06 anubodies Smmunizanon with as
hitge as 102~104 bactenia also resulted 11 2 Tise 1n resistance This was howevér accompamied by 2
mupute increase i antibody uter Despite content of runute antbody levely admintstration of such
mmune serum gave protecyon of the reciprents [t was concluded that very smalt amounts of
anubod es would provide protection agamnst £ colt infection Varying from one mouse strain to another

Key words Experimental infection Escherichia cols 06 antibody fevel mice

§ Anistedt Department of Cliucal Immunology Guldhedsg 10 S-413 46 Gotgharg Sweden
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In systemic wmfection wuh Eschesichie coft
bactenia 1t 15 well kKnown that various defence
Tactors are of importance These factors of resis
tance can provide effictent killing 2ud elinunation of
batteria 45 well as increase the resistance 8gamst the
eodownn(l 2 3 7 M-14 1618 2] 22) The
mechanisms involved 1n the defence against bacte
il infections have not beeh senled despue extensive
nvesugations (11) but geneuc control has been
tndicated (8~10 13-20) Acuvation of the immune

system 1nt the host by the bactena has been shown to
12sult 1n protettion both through the Jormation of
antbodies {1 3 12 13) and by stmulation of
eellolar factors {1 3 4 14 19) Antbodies
presumably of hugh avidity agamst the somatic 0
agen &4 3 or X antigen {12) are efficiently
protective In different individuals however, the
antibody Jevels have not been found clgsely related
to the level of protection regardless of what
anbody assay wsed (for feview see 16)

In the presemt investgation the 06 antibody

39



amounts and avidities estimated with a very
sénsitive  enzyme hinked 1mmunosorbent assay
ELISA {5) were related (o the resistance of various
mouse strains to intrapenitoneal E coli infection
after or adi of

serum n a system leaving the K antibodes without
effect A protective effect of minute amounts of
antibodies was indrcated to be differently efficient i
different mouse strams but also other obviously
cell bound factors seemed to contribute

MATERIAL AND METHODS

Animals Inbred SPF mice 6-8 weeks of age of both
sexes of the strams CBA (Anpamex  Stockhodm
Sweden) C3H/TIF C3H/Hel C57B1/6} congenitally
athymic C57B1/76J nu/nu and heterozygous [itter mates
ny/ + (Fries Bomholt Gard Lichtenberg Denmark) as
well as outbred NMRI mice (Anticimer) were used

Antigens Bacteria of the £ cotr 06 K13 HI stran
WHO designation Su 4344/41 or £ colt 0I5 K?
bactersa (not K13 or K2a2c) the latter stran ongimally
1solated from a patient were used for immunization and
for ! I respectively The
bacteria were killed using 0 § per cent formalin for 24 h
2nd then washed before use For infection experiments
£ coft 06 K22 2¢ HI bactera W HO designatton Su
1242 were used

Treatment of animals Groups of $0 or 60 mice were
used untreated as controls or were injected once of tWice
with 30 day intervals with § X 107 £ cofi bactena killed
1n formalin Four days after the last infectuion with killed
bactenia the mice were infected (40 or 50 animais/gronp}
or bled through the retroorbital plesus or by cervival
dislocation without nfectron (10 ammals/groups) im
mype serum was Similarly prepared by immunizing
groups of 100~150 amimals which were bled 4 days
after treatment These sera were admimistered intrapert
toneally 10 or 1n S0me expertments itravenously 1v
1n 0 4 ml ahquots The serum was given undluted or at
174 1/8 or 1/16 diunons to recipsents Which were
nfected (50 amimals 10 per bacterial dose see below) or
bled (10 animals) the day after serum transfer

Infecuon assay E colr 06 K2a 20 H1 bactena were
grown overmght m Tryptose Phosphate Broth and tien

amounts of free endotoxin Forty or 1n most expers
wents §0 mce were divided mto five groups in which
each mouse was nfected 1p with 0 5 ml of the bacteria
serally dituted 4 fold nbroth The highest bactenal dose
given was about § X 108 bactena  The mortality was
seporded after 48 h urs since no addiwonal deaths
occurred later on The results of untreated CBA mice
were used 45 reference The results were expressed as e
dilution of bactera giving LDso permuting statisticat
sts of the results with Spearman Karber § test using

analy:
a computer (PDP 8 E Digital Equipment Co Maynatd

40

Mass }{i} This infection assay shows a good reprodat
bility and the results for untrested controls of 2
particular strain were 30+ 4 (p<<005) as based op 8
etperiments The corresponding results for tmmunuzed
ammals were 58 =6 {p<0 05)

In this assay only ive bacterra cause any deaths of the
amimals and no effects of released substances from dead
bactera can be seen The infected ammals have
bacteremra as ascertained by blood samples cultured on
blood agar plates (unpublished) In this model utihzng £
ol 06k 13 for immunization and 06k 2a2c for nfection
only the 0 antibodies are protecuve {13)

Annbody assay The enzyme linked immunosorbent
assay (§) was employed as previously described (2) usig
boiled antigen from £ cofi 06 K2a 2¢ H1 or Re antigen
extracted as descnibed by Galanos et af {6) The anubod)
titers were recorded as the highest serum diuuon
reciprocaf giving 0 25 enzymatic acystty umts at 405
nm  The relative average anubody avidities wef®
recorded using the same assay by measuring the tmé
n munutes required for 50 percent of the anbodses 10
bund (2)

RESULTS

Sensitmvry of Different Strams of Mice to Infection
with E col Bacteria in Relation to Antibods Lerels
and Antibody Asidines afier Immunization

The susceptibility to the £ colr 06 R2a 2bH!
bacteria was determined for the seven strams of
muce employed The A/J and CIH/HeJ mtce were
sigmificantly more suscepuble than all the other
strawns the CIH/TIF and C57B1/6J were shightly
less susceptible while the CBA nu/nu nu/+ and
NMRI were more resistans This pattern did not
relate to the abihty of the ammsals to respond by
antibody formation against the 06 antigen (Table n
Thus the susceptible A /3 mice formed antdbodies of
similar amounts and avichties as the relatnely re
sistant CBA muce while the susceptible C3H/HeS
formed antibodses of the highest avidities among the
strains tested (Table 1)

Effect of Immupuzation on the Resistance against
Infection wn the Varous Strans of Mice

One mjection of £ colr 06 bactera nduced
antibody formation and also protection 1n all
ammals A sigmficant inerease of the resistance 1
the immumized muce Was noted Immumzation of
the A/J and C3H/HeJ muce resulted 1n a more
accentuated mcrease of the resistance fhan in the
other strans The rise 1n antibody fevels was
however similar in the mouse Straths tested except
for the nu/ny mice and 1n partcular the NMRI
muce tn which a smaller antibody responsé was
noted The avidities of the 06 antibodies formed by
{he various strains were also simular except for the
C3H/Hel ammals where higher avidites were

T~



TABLE | The Dilution of Bacterial Suspension for LDso in Mice of Various Inbred Strains to E colt 06 Infection
before and after Immunizanon The 06 Antibody Titers and Aviditses (nithun Brackers)are Given nd Represents not
Done The Avidities are Guven as the Trme in Minutes for 0% of the Anisbodies to Bind

Untreated animals Antmals immunized at
day 0 day 0 and 30
Dilution of Ditution of  antibody levels Ditutton of  anubody levels
Mouse bactenal bacteral after 4 days bacterial after 34 days
stram Group suspenston  Group  suspension Group  suspension ———
for LDso forLDgo  [gG» Igud) forLDsp  1gGe  IgMm
CBA 1 /50 9 1750 10 2000 15 1w 1000 10000
16) 2y [ i
AN 2 171400 10 11500 10 1000 16 15w 8¢ 900
(18 U2 nd (8]
CH 3 1/90 nd <{0 700 nd nd nd
un
C3H/Hel 4 171400 1 150 <o 1000 (7 (LY 400 5000
()
[e3)1] 5 17900 nd <10 600 nd nd nd
13y
ou/ou 6 1/45 12 17100 <1¢ 300 nd nd nd
(10
/+ 7 1740 13 1150 <10 1000 nd nd nd
{10
NMRI 3 1750 14 H1on <10 92 nd nd nd
a2

%) 12G antbodies measured with Fe specific anty mouse 3G

*} TeM anubodies measured wath p specafic ants mouse lg\{

916G antibodies measured with antt mouse IgG (heavy and Tight chain)
9 Sigmficantly different from. groups { 3 $-%

€ Sonilrantlud Macan £ ame — ~

L]
B

TABLE 2 Dilutwon of Bacterial Suspension for LDsp and Titers of 06 Anubodres in Varsous Mouse Stains

Tronsfer of Immune Serum nd Represents not Done et
Anubody titer m, Dilution of bactertal st
uspension

reciprent after for LDspaft fe
Bono, for LDso after transfer of
suam’ i:f.'em transfer of serum immune serum

—_—_—

undiluted diluted | /8 undiluted d

M G M 1eG ’ s 178
CBA CBA 139 53

nd d X)
S;”Hd ii;{/Hd 675 330 3g <'|Io.xl :ff;: nar
0 50 png

(é!]l,Al C3H/He) us 7S ne :: II;:‘S)::: e
CBA/HL! ilIEJA 625 440 g 10 1/10ax) TISA"I

20 18 pe nd 1/5: nd
) . .. '
b o -

=S lesuam



noted (Table 1) Antibodies of the 1gM but not the
J8G class agunst the Re structure could e found
but only tn very small amounts alter the immuniza-
tion (sesults not shown)

Induction of an anamnestic immune response 1n
the CBA, A/J and CIH/HeJ muce resulted mn a
further ncrease of resistance aganst infectson 1n all
strans tested This was most acceptuated for the
C3H/Hel muce (Table {} The ymsed anubody
smounts and avidities were ot found to be closely
related to the increase of resistance (Table 1) Thusa
shghily smaller increase 1n antibody titers was
found for the C3H/HeJ mice compared to the CBA
ntice (Table 1) No antibodies to the Re structure
aauld be cecnrded even alter boasting with 30 day
miterval between the mections (results not shown)

Effect of Transferred Angsdodies on the Resistarnee
Relatipn 10 Antibody Tuers wt the Reciprents
Immune serum was transferred 1o non immum-
zed ammals fo analyse whether the observed
differences 1n the increases in resistance against the
sntraperitoneal £ coft infection were refated mamly
to humoral factors Stmular resistance was obtuned
afler wansfer of the serum as n the immumzed
ammals  Also inmune serum at {/8 dilution
protected the reayments (Table 2), winle heterolo~
gous immune serum 1d not protect the reciprents
(Table 3) Furthermore the immune serum rassed 1n
different strains seemed to be of similar protective
efficacy mdicating that antibody avidity within the
ranges recorded was of hitle importance Thus
immune serum ratsed 1a CBA avce given to CIH/
Hed mice resulted sp a ssmular resistance as i the
Cat1/Hed mice given immune serum from C3H/
HeJ mice This was also the case when using
immune sera from the A/J mice i CBA mice and
vice versa (Table 2) Thus compared with uptreated

mice of homologues strain the relauvely suscepuble
A/J and C3H/Hel mice were more efficiently
protected by the antibodses than were the more
resistant CBA muce (ef Table | and 2)

Relanon berween Dose for Tmmumization Resistance
to Infection and Antibody Teter

The relationshup was established for the CBA and
NMRI mice regarding the number of bacterss Used
for immunization and the rises of resistance and
antibody uter Imtmumzing doses of 102 to 10¢
bactena seemed sufficient 10 induce protection i the
ammals Tlus trend was vecified 10 repeated
experiments The small antigen doses, however
only caused Iitle antibody formation in the animals
particularly in the NMR([ mice, as recorded with the
sensitive ELISA technigue despite the protection
induced (results not shawn)

Animals of the NMRI stram were immusized
with different amounts of bactersa to obtam serum
to be used in transfer expertments It was found that
transfer of 0 4 ml serum contamng 06 antibodies
from ammals immunized with 107, 107 o 10°E
colt 06 bactera provided stmlar protection of the
recipients despite that very little antibodses could be
recorded wn thest serum (Table 3) Furthermore the
serum from the ammals smmupized with 307
bacteria could be auted 16 fold without tosng ¥
protecuve activity (Table 3), while higher serum
dilutions in other expeniments did not give any
protection {results not shown} Control serum
rassed against serologically heterologous 015 bacte
ria did not pravide any profection (Table 3

To check whethee the noted ncreases In resis
(anoe were not due to an ynspecilic loca) snflamma
tory reaction In the peritoneum afier the inretoss
myechons wath an antigemcally different stram 13
coft 015 were compared with that obtained with

TABLE 3 Duution of Bacter at Swspensi 1t for | Dsg and Titers of 06 gnubodies in NARI Mice after Transfer of
Diluured Impuene Scrum Rarse 1 aganst anying Doses of E coh 06 Al

Antibody titer m

Grov Transter of serum Serunt Ditution of bacterial
v rarsed against diluton suspension for LDso feaipent
1sM taM
i £67 06 bicteria undy /102 ;;I 13;
2 10706 bunpa 174 17102 < <t
3 10 O hacrena e s lls I
4 104 06 bacteria undi! 17102 b <o
5 103 06 pactersa undit )};5“ <10 PN
5 iy Ve <10 <10
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#)= Significandly different from group 6and 7
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TABLE 4 Effect of the Route of. Stmulagon on the Rise of Resistance in MMRI Mice

Gon s Tosetr IS o Daeniorin
bems : s
T ! s
§ w0 ! e,
7 None 150

% = Sigmficantly different fromgroups 3 4 6 7
Y = Significantly different from group 7

homologous 06 bacteria Such treatment of the
ammals tnduced protection of simiar magmitude
regardless whether given by the 1p of 1¥ route 3
days prior to the challenge while given one day
grior to challenge the wgection by the tp foute
induced much better protectson than that by the 1 v
route (Table 4) When immune serum raised against
heterotogous 013 bacteria was admmstered 1p one
day prot 1o infection no protecuve effect could be
recorded (Table 3)

DISCUSSION

Tls iavestgaton revealed that mice of different
mbred strams duffer a great deal 1 their susceptib
Ity to systemic £ colt 06 wfecion The geneuc
pattern does Ror agree 10 what has been repeated for
resistance against fla pp m mwe

results such compensaung defence factors of the

nu/nu mice have httle effect on the intrapentoneal

E col; mfecuon utilized yn toe present imvesugauon
M and i

may he of vital smportance 11 the defence agatnst £
colt bactena by phagocytosis of bactera and
of ) The p ¥
function of the macrophages i nuce of different
steans has previously been related ta the abuity of
the anmals to form anubodies of high avidity
agamnst proten antigens Thus CIH miuce formed
antibodies of higher avidity than dud for tostance
CBA mice{15) 1n view of these findmngs the present
results weth CIH auce mught suggest that o non
immunized muce the macrophages are poorly
effecuve in the defence aganst systemic £ coft

mfecton. This 15 also supported by sn sirp
witha d

Thus A/J CBA and CIH mice have been found
Tessiant aganst Salmonella whie C57 Bl mice
were 3B-10 19 F the
esufts demonstrate that such stram related sesis
fang. atnrh v el (@ i A

h system
{20 be published) as well as the poted susceptibility
of ol immunized but endotoxin resstant CIH/
He) mice In the faver amals mflammatory
reactions o endotonn have been reported 10 be

ned endotoxin fesistance (14 20) Thus the C3H/

Ref mice most fesistant 10 the endotoxin were more
Suscem™ W te e nm £ .

mce

engdot h

back giounu did not show any increased resistance
2ainstinirapentoneal £ <ol infection compared ta
therr nu/ + Ltter mates 2ccordng to the present
results The nu/nu mice have been reported (o
Compensate for thewr thymic deficency ta by a
agher Nh cell acuvity and also 1o be more rasistant
W vanqus types of wfecuons than their auf + Luer
mates (17) Consequently 1n view of the present

PO

oy s while m ammals
to the end, the nfk

Y
rwit:ons ase donnated by polymarphonucieas celic
I T

mare

v ~ s~ Uy dlltgen
dmmumzation of the mice with £ cols 06 bacteria
with homofogous © anugen o thowe wsed for
wmfection resulted 1n enhanced seststance to infection
2l strains Stmilar snerease of the resistance was
found m CBA nuinu pu/+ and NARI mice
despute that the animals of nu/nu and NMRI stearns

formed the smallest asubody amounts Tins was
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explamned by the transfer experiments showtng that
minute amounts of antibodies were sufficient for
protection The presence of functioning thymus
dertved lymphocytes may be necessary for the
antibody response to develop agawnst the £ coli
bacteria although the thymus-derived cells may not
be necessary for the development of defence factors
agamnst £ colf infection, since the nu/nu mice
formed less antibodies than the nu/+ mice but
were simlarly protected This suggests another
mechanism for resistance aganst the £ colr
infection than aganst S typhimuriem infection

the bactericidal effect of normal serum (reviewed by
Olling 16)

The excellent technical assistance of Mrs Inga Engberg
part of the study 15 greatly appreciated The work was
financially supporied by grants from Astra Lokemedel
AB and Swedish Medical Research Council (No 215)
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1n order to test serum activity on philus influen ae 3 was employed
The (BC) effect of and rabbit sera was studied on a type 2 and 2
type b stram and their sespective non-capsulated vaniants The influence of variation of the experimenta)
condiuons oh the BC effet was invesugated Tt was ebsemved that the amount of gumea pig
complement added as well as the bUmber of bactena and reaction trme had an influence on the BC
effect The serum difuuon showing =30% killing of the mmoculum was chosen as endpoint titre (BC
utre) Unbeated premmune rabbit sera jn which no specific antibodses were demonstrable with (he
complement Tixation ass2y were bactericidal jor the two noncapsulated strains Heat treatment 1o
56°C for § mn destroyed this effect, which could not he festored by addion of diluted guinea prg
serum Unheated pretmmune 7abbin sera were nol batiencidal for capsulated battena Hypenmmune
sera showed heat resistant (56 °C 30 mun) BC acuvuy on both non-capsulated and capsufated bactena
the fauer showing quie high BC tires (about 1 10%) Serum sametes form W bined drmas w4
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In 1932 Wrard & Baght (27) reported that a
bactericidal effect could be produced on capsulated
H influen-ae bactena by fresh human serum (rom
adults or by a horse anti # enfluen_ae serum 4
complement from guinea g serum In 1933
Fothergilt & W right (12) studying the b

ted 1n the same ages The bactericidal actuty

demonstrated fas later been suggested to be due to

antibodues directed agaimst the capsular substance

(1 26} Some recent studies reporting bacterserdal

acuvity 1 sera of individuals immunized with

ounfied capsulac substance (PRP) support the
that ant )

effect aga met 2 = =

© wiurteiee O ¥ influenzae memngius to be
mversely related to the bacternal activity demonstra

2 psular

bacteriaidal effect €2 24) However the obs::;;o:
that such sera may show bactericydal actvity even
afier absorplion with PRP indicates that additional
factors assumed to be antbodies 2gaust somatic
:r[nrugu\s{ =4y be of ymporiance for the bactencidat

fect of tertain sera o
o ot ‘gainst capsulated 4 inflyen

Non-capsulated H imfluen-ae bactersa are gene
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rally more sensitive to serum bactericidal activity
than capsulated bacteria (2, 12) However non-
capsulated H influenzae might show resistance to
serum bactericidal activaty as shown n the study by
Gump et al 1 1971 (13) He found that 21 out of
130 sera from healthy individuals lacked a bacteric)-
dal effect on the non-capsulated strain used whereas
only 1 of these sera Jacked such an effect against the
H influenzae type b strain

In recent years most studies concerming the
bactericidal effect of sera on M wfluenzae have
investigated human sera and only 1n a few of these
have limited studies of sera from ammal experi
ments been included (2, 15, 18, 24) The resuits of
these studies on anumals were n accordance with
those on human sera, except that 1t was found that
vanous laboratory antmals in contrast to humans,
did not respond with detectable antibodses after
immunization with PRP (2}

In the aforementioned studies there has been
considerable variation in the bactericidal assays em
ployed different bacterral strains different amount
of bacteria, and different sources of complement and
undiluted — diluted unheated — heated sera, etc The
results of different 1nvestigations are therefore not
directly comparable

The aim of the present nvestigation was to study
what influence variation 1n the experimental condi
tions may exert on the bactericidal activity (titre) of
a serum The BC effects of rabbit preimmune and
hyperimmune sera were studied on capsulated and
non capsulated H nfluenzae by means of a
micromethod (3) A number of blood donors sera
were used for examining the applicabihity of the test
to human sera A further purpose was to study
possible differences in the susceptibility of various
newly 1solated non capsulated strains to the bacteri
cidal activity of rabbit preimmune sera

MATERIALS AND METHODS

Strains
H influenzae type a strain Smith and / influen ac
ted

rabbits were bled before the immunizations were
inttiated so as to obtain pretmmune sera Each rabbit was
given one primary immumzation dose with about 108
bacteria and one month later a booster immunizauion
with the same amount Afier another three weeks a
hyperimmunization course was started and about 9
Immunizations were given within a period of 6-8 weeks
The bacterial amount was increased 10 twofold steps
from 108 to 6 109 bactersa and 1n total each rabbit was
given 2-4 1010 bacteria One week alter the last ingection
the final bleeding was performed by means of heart
puncture The sera thus obtained were dispensed 1n 1-2
ml aliquots and Kept at =70 °C untl used

Additional rabbit serum samples from non immunt
zed amimals were utilized for the study of bactencaidal
acttvty of rabbit preimmune sera on fresh # influent ae
isolates

Human Sera

Sera from 30 blood donors were tested for bactericy
dal activity on Ma and Mb as well as on the Sa and Sb
strains

Bacrericidal Assay

A modtfication of the bactericidal method described
by Anderson et al (3) was employed The bactericidal
(BC) tests were performed on Linbro Disposo Trays (IS
FB 96} well volume 0 4 ml (Instrumentfirman Labora
AB Stockholm Sweden)

Complement Pooled guinea pig serum stored at =
70 °C 1n 1 mi altquots for up to 3 months was used as
complement source 1n all experiments except when
otherwise stated The BC effect on the strams of each
new batch of guinea pig serum was titrated In tests with
Ma and Mb bacteria the gumea pig serum was used
undiluted or dituted [ 2 while n tests with Sa and Sb
bacteria 1t had to be diluted | 20 to 1 30

Sera The rabbit and human sera were tested unheated
or heated ta 50-56 °C for 5-30 minutes

Bacterial suspensions  From an overnight culture on
solid AFH medium (5) one loopful was 1noculated mto
25 mt fluid AFH medim and incubated for 34 hours at
37°C on a Gyrotyry shaker to a density of about [~
3 109 bactersa per ml The cultures were then chilled 2nd
diluted to an optical denstty of 04 in a Beckman [
colorimeter {at 660 mm) which corresponds to about 1~
2 109 bacteria per m! The diluent consisted of cold
autoclaved AFH medum with no hematin added but
with adds 1 CaCly 000045 M and MgCl2 0015

type b strain RAB and their non 1
variants were used in the study The designations were
Ma Mb and Sa Sb respectively The capsular antigen
and the O aatigen of the strams have previopsly been
investigated by means of gel diffusion techniques ®n

M Forther ditutions of the culture were performed with
the same diluent tn order (o obtain from about 2 102 to
2 106 bactenia per 0 025 m! 1n the tests Autoclaved AFH
medium was used as diluent for the tests since
y studies had shown that 1t permtted no or

Ten non capsulated H strains
newly isolated from patients with various infections
were used 1n part of the study

Rabbt Sera

For each of the strams Ma Mb Sa and Sb two
rabbits were smmunized intravenously with bacterial
suspensions The medium and the cultivation techniques
have been described previously (5 6) All the eight
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petformed 1n 0025 ml PBS on the Linbro microuter
trays After that 8025 el gunea pig sérum fappropn
ately diluted) and 0025 my of diluted bacterual
suspension were 2dded The trays were closed and
ncubated for §5 mimn 1o 3 b ag 37 °C on the Gyratory
shaker Thus ime is henceforth referred to as »reaction
tmee After reaction time about 025 m! AFH agar
medm contaming 2% agar was added After 18-24 b
of tncubauon at 37 °C individual colonses were readily
vistble m the agar with the aid of a magmifying glass In
each experiment two sets of conirols conmisung of
100% 50% 25% and 12% of the bacteriat iocutum
suspended in AFH medwm and dluted guinea pig
serum were included To one of the comrol sers AFH
2gar medium was added immedsately 10 the other 11 was
added after reaction time

The bacteritdat actsvity of a serum to be tested was
calcutated esther by counung the number of colonies 1
the wells or 10 case of a large number of colonies by
comparison with the control sets The serum dilution
wh ol showed 2 reduction 2350% of the number of
colomes was chosen as the endpoint wre {BC utre} The
reproducibiity of the test was = one tire step

Hemolyuc indicator ystem A suspension of 15%
sheep erythrocytes semsized with rabbit ani sheep
erythrocyte serum was used for tesung complement
consumption in some of the BC experiments where
prozone phenomena were observed Sensitized sheep
erythrocytes 05 ml were added to each well after
react:on time and the tests were incubated at 37 °C for
another 45 minute and after that possible lysis of the
erythrocytes was segistesed

Antt capsular and Ante celt Walt Anubodv Assavs
Indirect hemaggluunauon assay {1HAY was vsed to
measure antibodies agalnst the capsutar anuigens of Ma
and Mb bactensa and the complement fixation assay {CF)
to measure gntsbodies aganst the cell wall antigens by
means of bacterral suspensions from Sa or Sb The
techniques employed have previousty been described (8)

EXPERIMENTS AND RESULTS

Methodologrcal Aspects

A series of expersments w ere performed 1 order
1o study various factors which might have an
miJuence on the results of the BC assay and to
determune the condwtions tnder which the assay
would be best surted for the detection of bactertcidal
activity of secum The amount of guinea pig serum
the oculum sive and the reaction hime were vaned
one by one 1n assays performed according to the
principles accounted for 1n Materials and Methods

Influence of various amounts of complement on
bactericidal effect The gutnea pig sera were found
s be bacenadal for both Sa and Sb bactena
bactericidal activity betng observed in dilutions 1 4~
18 and 18-116 respectively (Table I) To as
certain that no BC effect was caused by the added
gunea pig serum per se and that the serum
contained enough complement for the exgressian of
a maxrmal BC uire of premmmure sera on Sa and Sb

TABLE \ Boctencidal £ffect on So Bactersa of Fresh Guinea Prg Se
ig Serum and a Rabbit Presmmune Serum (Unk
and Heated 56 °C for 5 mun) 1n an Expeniment with an Inocutum of 240 Bacteria per Welland a Ramu’: r.me?reg

Hours.

a37°C

Percent of surviving Sa bacterta 18 serum diluted

Sum tested w2 (123 [F33 116 1732 1i84 1128 1/2s6
Gumea pig serum L] Q <iw
Shnes g 1l 100 100 100 100 100
Rabbrt serum tunheated) 0 ]
diluted o PBS. e <! _5'2 100 foo 1o
~ RuInea pig serum.

Rabbut serum (heated) 100 1

diluted 1n PBS oMt e 100 100
~eguinta pig serum

Rabbit serum (unheaged) 0

+ guinea pig serum ’ ¢ ¢ o <t 3 100
diluted 1720 -

Rabbut serum (heated) loo

100 100 100
+ guinea prg secum 1% 1% v
duuted 1720 ” "
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TABLE 2 Effects of Diffferent Amounts of Ginea Pig Serum on the Bactericidal Effect of an Ant-Ma Hyperimpmine
Serum Inoculum 150 Bactenia/ Well Reaction Time 2 Hours

Percent of surviving Ma bacteria in serum diluted

mcentra-
nof
ded 17128 (/256 |
e 7512 171024 1/2048 1/4100 1/8200 1/16400 1732800 1/65500 17131300 12610
um
11 106 502 20 10 <) 0 <]
0 0 d
;/2 100 100 100 100 160 S0 12 1§ 2 l(()) 32:’ llgg
/4 100 160 68 100 {60 100 100 100 100 100 100 10

*} The prozone tre
%) The BC niire

bacteria, a range of dilaons — fromt | 10-1 40 —
were tested The results revealed that gunez prg
serum diluted up to 1 30 and 1 40 for Sa and Sb,
respectively, contamned enough complement for the

nocujum of 2 108 Sa bactena a few percent of the
cells were not kifled even by the serum didution 1 2

When hypenmmune sera Were tested with e
same range of Sa and Sb bacteria 1t Was noticed that
atenfold d bacteria concentration resulted m

expression of a maximal BC utre of p
sera This amount of complement was also suffi-
crent for a maximal BC utre of anti-Sa and ant1 Sb
hyper sera to be obtamned However, m
these sera a prozone phenomenon was observed
The guinea pig sera and preimmune rabbit sera
were not m themselves bactericrdal for Ma and Mb
bacteria Therefore, hyperimmune sera were used 1n
order to study switable amounts of complement m
assays with Ma and Mb bacterra The results
showed that when the Same dilution of gunea pig
serum as for Sa and Sb bactena was used as a
souree of complement fio BC effect was regustered
For that reason undiluted gwnea pig serum 3hd
dilutions of up 10 1 6 %ere tested i studses of BC
actvity on capsulated bacteria  Addimon of guinea
mg serum diluted | 2 of Jess was necessary m order
to obtain a demonstrable BC effect Table 2 gives
the results of an experiment with Ma bactena As
may be seen, the larger amount of complement (un
diluted guinea pig serum) did not mcrease the BC
titre of the hypennmmune Serum A prozone
phenomenon was observed, being less pronounced
with the addimon of concentrated guined prg serum
Influence of bacterial Inoculun size on bacierici-
dal effect A senies of experiments were performed
in order to study what effects variation of the
bactectal tmoculum size had on the BC pure of
preimmune and hyperimmune sera A wide range
of Sa and Sb concentrations between 1-2 102 and
{— (¢ cells, were fested with preimmune sera The
results showed that tenfold increased moculum size
resplted 1 ahout wofold lower BC titres of the
sera Fig 1 shows an experyment With Sa bacteria
and a preimmune serum 1t 1s notable that with an
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less than twofold lower BC titres of serum exeept
When an inoculum of about 2 103-2 10¢ bactena/
well tested (Fig 2) As may be seen i Fig 2, when
about 2 108 bactera/well were lested 190%
killing of the bacteria was observed only mn o
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1g 2 Effect of noculum size on the bacterscidal effect
I homologous hyperimmune serum (heated 36 °C 30
nin} on Sa bacteria (reacuion ttme 2 h)

Hutrons of the hypenmmune serum due to a very
Tarked prozone phenomenon

It was further obscrved that when more than 10?
ctenafwell were used it was somewhat dufficult

Titre (8G50)

‘mj . g sv
‘Wi o t sa

258 o 8

N
NN
|

o €0
minutes
£g 3 Effect of reaction tme on the BC itre of three

\nheated prevmmone Sera on Sa and Sb b
300 bacteria/well) A Ghot

to regsster the BC titre despite the use of the control
sets Therefore 1n the tests with prermmune as well
as hyperimmune séra 14 102 Sa and 5b bactena
were usually added to every well

In similar experiments with Ma and Mb bacteria
1t was observed that with an ioculum over about
2 103 bactera/well 1 was impossible to segister 3
BC utre because of confluent growth of the 100%
control set Therefore the tnoculum of Ma and Mb
Kept below 4 102 bactena was found suttable for Ma
and Mb 100

Influence of reaction tume on bactericidal effect In
order to study the mnfluence of the reaction time on
BC titres of preimmune sera on Sa and Sb bactena
the reaction time was vaned from (Sounto 3 b
BC titres were demonstrable for both Sa and Sb
after a reaction time of |5 min The ttres increase
with longer reaction ttme the increase being more
pronounced for Sb than for Sa In Frg 3 the results
of expertments with three prermmune sera are
given

The expeniments performed with anu-Sa and
antt Sb hyperimmune sera showed that in order to
obtain a demonstrable BC utre on Sa and Sb
bactera a reaction time of 30~60 min was
necessary Fig 4 gives the results of 2n experiment

Titre (BCS0)

85500

m——— « Mb
o Sb
18400 o/
00 . c/
1024
258
8
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o #za,
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mnutes



TABLE 2 Effects of Different Amounts of Guinea Pig Serum on the Bacterserdal Effect of an Ansi-Ma Hypernmmune
Serum Inoculum 150 Bacteria/ Well Reaction Time 2 Hours

Concentra- Percent of surviving Ma bactersa in serum diluted

tion of

added 17128 17256 1/512 171024 172048 1/4100 1/8200 1/16400 1/32800 1/65500 1/131100 1/26220

guinea pig

serum
171 100 502 20 10 <1 0 <i 0 0 0 20 100
172 100 100 100 100 100 509 12 15 2 10 30 100
1/4 100 100 100 100 100 100 100 100 100 100 100 100

) The prozone titre
) The BC titre

bacteria, a range of diutions ~ from [ 101 40 -
were tested The results revealed that guinea pig
serum diluted up to 1 30 and 1 40 for Sa and Sb,
respectively, contained enough complement for the

noculum of 2 108 Sa bacteria a few percent of the
cells were not killed even by the serum dilution 12

When hyperimmune sera were tested with the
same range of Sa and Sb bacteria, 1t was noticed that
atenfold d bactersa concentration resulted in

expresston of a maximal BC titre of pr
sera This amount of complement was also suffi-
cient for a maximat BC titre of anti-Sa and anti-Sb
hyperimmune sera to be obtamed However, in
these sera a prozone phenomenon was observed
The guinea pig sera and pretmmune rabbit sera
were not 1n themselves bactericidal for Ma and Mb
bacteria Therefore, hypennmmune sera were used 1n
order to study suitable amounts of complement 1n
assays with Ma and Mb bacterra The results
showed that when the same dilution of guinea pig
serum as for Sa and Sb bacterta was used as a
source of complement no BC effect was registered
For that reason undiluted gwinea pig serum and
dilutions of up to 1 6 were tested 1n studies of BC
actvity on capsulated bactera Addition of guinea
pig serum diluted 1 2 or less was necessary in order
to obtain a demonstrable BC effect Table 2 gives
the results of an experiment with Ma bacteria As
may be seen, the larger amount of complement {un-
diluted guinea pig serum) did not icrease the BC
titre of the hyperimmune serum A prozone
phenomenon was observed being less pronounced
with the addition of concentrated guinea pig serum
Influence of bacterial moculum size on bacterici-
dal effect A sertes of experiments were performed
1n order to study whac effects vanauon of the
bacterial moculum size had on the BC utre of
prexmmune and hyperimmune sera A wide range
of Sa and Sb concentrations between [-2 102 and
{~ 108 cells, were tested with preimmune sera The
results showed that tenfold increased moculum size
resulted in about twofold lower BC utres of the
sera Fig 1 shows an expertment with Sa bacteria
and a presmmune serum It 1s notable that with an
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tess than twofold lower BC utres of serum, except
when an 1noculum of about 2 105-2 10¢ bactersa/
well tested (Fig 2) As may be seen m Fig 2, when
about 2106 bacter:a/well were tested, 100%
killing of the bacteria was observed only i tho

%killed
—_ —_—
100 4 g——_ =~ 2107 o
\ 2 10* v
*\ ° 2100 ¢
\ 2 1% v
@2 1wt 0o
75
v
50 )
v
25 \
0 s ¥
—TT T T
2 8 az 128
serum dilution
Fig 1 Effectof noculum size on the bactericrdal effect
of unheated preimmune serum on Sa bactena (reaction
ume 2 b}
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Fig § Bactericidal effect of eight unheated preimune
Tabbit s2r2 on Sa and §b bacterra tn various serum
d lunons with a reaction time of 2 h and an moculum per

well of 2baut 350 Sa and 250 Sb bacteria respectively

Bacterterdal ety of Rabbut Hyperommune Sera

The antr Sa and anty Sb hyperimmune sera had
CFutses of about 2 104and § 104 respectively The
anti Ma and anti Mb hypenmmune sera had IHA
utres of about 1104 and 2 10* and CF titres of
about 2 10*and 3 10* respectively

The BC utres of unheated antt Sa and anti Sb

sera were about fold higher
than those of preanmune sera When an 1noculum
of about 200~300 bacteria and a reaction time of 2
hwere used the anu S2 hyperimmune sera had BC
titres of 1 2048~1 4 100 and the ants Sb BC titres
of 14 100-18 200 (Fig 6}

In contrast 10 the BC ttres of the prammune
sera the titres of the ant: Sa and antt Sb hypertm
mune sera rematned unchanced or decreased at
most_one twofold dilutton after heat treatment
56 °C for 30 min however the prozone were more
marked

Fig effect of hyperimmune
sera (heatet 56 °C 30 men) on Sa 2nd Sb bactenia with 2
reaction ime of 2 h and an anoculum per well of about
200 bacteria

In experiments with the two anti Ma and two
anu Mb hypenimmune sera very high utres were
obtamned the ant: Ma titres beng about | 105 and
the anti Mb titres about 1-2 103 when an inoculum
of about 200 bactersa and a reacuon time of 2 h
were used These titres were unchanged or reduced
one twofold dilution by heat treatment of the sera
56°C for 30 mun the prozones however were
more marked

Bactercdal Actnity of Human Sera

Fresh sera from 30 blood donors were tested for
bactericrdal effect on the Ma Mb Sa and Sb
bacterta The serum samples were tested unheated
and heated to 56 °C for 5 and 30 min The regults
showed that alf the unhnmd human sera had 2 BC

affam b mee

heating time of the sera was increased to 30 mun
the BC utres remained unchanged or decreased one
titre st¢p The Sa bactena were more resistant to the

TABLE 3 8acterial Effects (8C Tutre) of 30 Human Sera Jrom Blood Donors on the Ma Mb Sa and Sb Bacee
Reacton Time 2 Hours ere

Unhmedsemm
ctenz <t 1 2 8 18 31 44
. o o127
b 3 1 n 1
. w9713
! 23 s

Serum dituion

Semm heated 56°C § mun
128 <i ] 4 8 16 32 ¢4
21 U5 3
110 w0 3 )
76 4 3
8 s 2



with a hyperimmune serum agamst Sb bacterra A
BC titee of 14,100 was observed after a reaction
time of 60 nun, the titre mcreasing slowly during
further reaction ime

When the anti-Ma and anti-Mb hyperimmune
Sera were tested agamst homologous Aa and Mb
bactenia and guinea pig serum dituted 1 2, a BC titre
was observed after 2 reaction time of 30 min The
BC titres increased during further reaction time,
reaching a maximum after 60~90 mun (Fig 4)

Influence of the amount of complement, mocutum
size and reaction e on the prozone phenomenon
Prozones were registered for all hyperimmune sera
being most pronounced 1n the two ant-Sb and the
two anu-Ma sera Expeniments were performed in
which the mfluence of the amount of complement,
the moculum size and the reaction time on the
prozone phenomenon was registered The amount
of complement added was found to be tmportant for
the extent of the prozone When inoculum size and
realation time were hept constant mcreased amo-
unts of complement dimimushed the prozone titre

mune sera The prozone titres diminished With
tncreasing reaction time for the ant Ma and any
Mb sera as well as for anti-Sa and antt Sb sera The
antt-Ma and anti-Mb sera and the anti-Sa and any,
Sb sera showed mimmal prozone after a reactiog
time of 90 min and 120 min respectnely The
longer reaction ume did not further dimnish the
prozone

Reproducibility of the BC test In order to evaluxte
the accuracy of the test, the BC itres of 12 titratong
of anti-Mb hypenimmune serum performed oy
different occastons with different batches of guiney
pig Serum, using a reaction hime of 2 h ang
moculum size of =4 107 bacteria were registered
The results showed that on 2 occastons the uiry
1 65,500 was registered, whereas on 7 occasiony
the ttre was 131,000 and on 3} occasiony
1 262,200 Tt may be noted that all BC titres fe)
within an mterval corresponding to two dilution
steps

Bacterieidal Actnuy of Rabbi
Fi Sera

{utre =50% survival of the fum) of alf
hyperimmune sera As may be seen from Table 2,
the ant: Ma hyperimmune serum tested with guinea
pig serum diluted 1 2 showed a prozone titre of no
less than 1 4,100, w hen undiluted gumea prg serum

was added, the prozone titre diminished to 1 256
In order to study to what extent the complement
had been consumed during reaction trme, a hemoly-
tic indicator system was added to each well after 2
hours It was revealed that all complement had been
consumed 1n the serum dilutions giving a prozone
phenomenon  while 1n the higher dituttons 100%
hemolysis was observed as an indication of the
presence of excess complement No ant-comple
mentary activity Was atmonsiradie m e dypenm-
mune serum samples diluted 12 nor mn the
of lated or bacte-

ra
Influence of the Sa and Sb inoculum size on the

prozone phenomenon was observed too Keeping
the amount of complement and reaction tme
constant the prozone wis nore excended when the
moculum was increased The tests with anu-Sa
hypemmune sera revealed that when 10187
pactersia/well were added no prozone utre Wwas
observed A larger moculum size (about 10+-10°
bacteria) caused a prozone titre of about 1 8 (Fig 2)
The two anti-Sb hyperimmune sera showed more
extended prozones than the antt Sa sera In these
sera the prozone titres were observed even with as
low an moculum as about 102 bacteria {uiere about
1516)

influence of reaction ume on the prozone
phenomenon was demeonstrable for aif the hyperu

52

The preimmune sera used in the studies had no
demonstrable antibodies agamst the capsular ant
gen (IHA) and agamst the 0 antigens (CF) In
expenments with unheated preimmune sera 1o
obvious BC effect was demonstrable on Ma or Mb
bacteria even when undiuted gumnea pig serum was
added as the source of additional complement
however, 1n some experiments a shight reduction of
the number of colones (<50% reduction) was
observed when undiluted rabbit serum was used In
contrast to these results the unheated presmmune
serum samples from all the eight rabbuts had a BC
effect on Sa and Sb bactena Tius BC effect was
gttt wighoor dhe auldisar af gunnge g
complement The BC titres, however acreased
four- to eightfold when diluted guinea pig serum
was added (Table 1) Approumately the same
degree of BC actmity was registered for the eight
p sera the not one
1tre step between the different sera The BC titres
for S were | 64-) 128 and for Sb 1 256-1 512
when a reaction tme of 2 h and an moculum of
about 200 bacteria were used (Fig 5)

In a senes of experiments the heat lability of the
presmune serum BC effect was studted by heating
the sera to 50°C and 56 °C for 5 o J0 mm A
marked heat lability of the BC effect on presimmune
sera was observed heating the sera to 50 °C for 30
fn reduced the BC tres to | 4= 8 of that of the
unheated serum Heatng to 56 °C for as short a
time as S5 mua destroyed all BC effect of the

preimmune sera
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Bac ertc dal Aes ¥ of Rabb 1 Hyvenmmune Se a

The an  Sa and ant-Sb hyperimmune sera had
CF t tres of about 2 104and § 104 respect vely The
am Ma apd am1 Mb hyper mmune seva had [HA
 res of about 1 104 and 2 104 and CF ¢tres of
about 2 [6%and 3 0¥ respect vely

The BC ttres of unhea ed anu Sa and 20y Sh
hypesimmune sera were about s veenfold h gher
than those of pre mmune sera When an noculum
of ahout 200~300 bactena and a reaction t me of 2
Tiwest used whe ant Sa hyper mmune sera had BC
tresof 12043 14100 and the ant Sb BC ttres
of 14100-18200(Fg 6)

1n contrast to the BC utres of the pre mmune
sera the utres of the ant-Sa and anu Sb hyperim
mune sera rema ned unchanced or decreased at
most one twofdld & luhon aler bear wreaiment

$6°C far 30 min however the prozotie were more
marked
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Neumah on
Fg 6 Pactes adal effact of homologous hype mmune
sera (hed et 56 °C 30 m n}on Sa and Sb bacteriz w ha
Teact an t me of 2 h and an noculum per welt of ghou
200 bacte 12

1n espenmients with the %o antt Ma and two
anpr Mb hyper mmune sera very high ttres were
obga ned the antt Ma ¢ tres be ng abomn 1 108 and
theanu Mb titres about I 2 10 when an inoculum
of about 200 bacteria 2nd a reacton tme of 2 h
were used These t tres were unchanged or Feduced
one twolold d lut on by heat treatment of the sera
56°C for 30 mn the prozones however were
more marked

Bagtery dal Act 1y of Humon Sera

Fresh sera from 30 blood donors were tested for
bacteric dal effect on the Ma, Mb Sa and Sb
‘bacteria The serum samples were tested unheated
and heated to 56 °C for § and 30 mn The resulls
showed that all the unheated human sera had a BC
effect on the capsulated Ma and Mb bacter a the
t tres bewng only st ghtly or moderatefy fowered by
heat ng to 56 °C for 5 mn (Table 3) When the
heat ng ume of the Serz was increased 10 30 M
the BC t tres rema ned ynchanged or decreased one
ttres ep The Sa bacter a were more res stant to the

TABLE } Bacte af Effects (BC T ) of 30 Human Sera from 8 ood Donors on he Ma Mb Sa and Sb Bacte a
Reac on T me 2 Hours

Serum ¢ uton
Untiea ed strum Serum heated 56 °C §
Bacie a <l 1 2 4 8 18 302 R <1 2 4 SCIEM,B,Z 64
My w7 1
201 w5
My k) TN 2 10 10 ?l 1
?b um o9y 1 3 76 4 3
2 3 s 1 g 15 2 | 13 3 2 9




TABLE 4 Bactericidal Titres of Rabbut Preimmune Sera on Non capsulated H influenzae Newly Isofated from
FPatients Reaction Time 2 hours

Bacteritadal titre

Strain number Source Clinical diagnosis of rabbit sera?)

1 blood septic abortion 16-:
2 blood foetal sepsts 2—-:2
3 pus genital abscess 32-64
4 epiglotis epiglottins -2
5 nose smustis N
6 nasopharynx acute otitis media 2~
7 nasopharyns acute otitis media 4-8
8 nasopharynx acute otiis media 1-2
9 nasopharynx acute otitis media 16-32

10 nasopharynx acute otitis media 4-8

) The BC titre of individual serum samples varied one twofold ditution

BC effect of the human sera than was the parent Ma
strain while Sb bacteria were considerably more
sensitive than the parent Mb stram (Table 3)

DISCUSSION

The results of the present study mdcate that a
} dependent bactencidal (BC) effect

Heating the sera to 56 °C for 5 min caused d
of BC acuvity against Sa bacterra 1n only about one
third of the serum samples while BC acuwity
agamnst Sb bacteria decreased m all sera except two
(itres 1 32 and 1 64) In half of the serum samples
no BC activity was registered When the heating
ume was wcreased to 30 mm the BC utres of the
sera did niot further decrease or were at most one
titre step lower

Bactericidal Effect of Rabbit Premmune Sera on
fresh H anfluenzae Jsolates

The BC effect of 10 rabbit premmune sera on 10
non capsulated H influenzae strains 1solated from
various sources of infected patients was investiga
ted Table 4 summarizes the results and as may be
seen the strains differed a great deal in sensttivity to
the BC factors present in normal rabbut sera their
sensttivity ranging from utre 1 2 ¢ | 64 The two
most resistant strains were isolates from a case of
acute epiglotiis and 2 case of acute otits media
There was a connection bétween strain 2 and stram
5§ the more resistant strain having been isolated
from the blood of a new born premature child with
ntratiterine sepsis and the sensitive strain from the
nose of the mother who at the ume of detivery had
acute sinusttts It seems notable that the non

might be caused on both capsulated and not
lated H futus infi bactersa by sera

contaiming specific antibodies In additon ot
capsulated H influenzae bacteria might be sensitne
to bactericidal factors in normal rabbit {preimmune)
1n which no antibodies agamnst the tested bactena
were detectable

The result of the study on rabbit sera mdicated
that the three p studied pl t
concentration noculum size and reaction ime had
an influence on the BC tires of prammune as % ell
as hyperimmune sera

Most workers have used a human serum as the
source of additional complement 3 10 13 19} In
our studies guinea pig serum Wwas found to be 2
suitable source of complement and was thus used 11
the assays [t was pracucable to add guinea pig
sernm 1n 2 difution 1 20 and | 30 which did not
cause a BC effect per se on non-capsulated bacteria
but stil) contaned sufficient complement for a BC
effect of rabbit hyperimmune sera (0 appear

In papers presenung bactersaidal tests on A
influenzae there have been great varations mn
\nocufum swe from about 100 o about 210
bacterta (2 3 10 15 18 19, 24) We found that

variation 1 the amount of bactensal ymoculum had a
vely mod influence on the BC uitse

capsulated patient strains ¥ ere less to the
bactenicrdal effect of normal rabbit sera than were
the non capsulated Sa and Sb bactericidal yariants
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but with an moculum size as low as 100-400
bactena 2 killing effect of about 50% was easy to
observe prozone phenomena (17) being fess likely

to be pronounced

Reaction trme was one of the ymportant factors



\hich may have an influence on the BC tres of the
era. The kinetics of the BC effect were different ;
resmmune and hypenmmune sefa the latter
eeding a longer reaction time Therefore  two
hours seemed advisable and has been used for the
mam part of the BC assays on immune as well 25
premmune sera

Although the prozone problem (17) was not
studied m detar) 1t was revealed by the addon of 2
hemolytc indicator system that all complement had
een fixed tn the vegeon af the prozone while an
excess of complement was present i the hugher
serum dilutions It seems probable that the mhibs
ton of the BC effect was due to an excess of
complement fiuing antibodies operatng at an el
fecuve site as proposed by Muschel et al {16} and
Aorman(20) rather than to non-complement fixing
anubod es {IgA) a stenc ©

sesults jndicate that normal human sera from adults
1o a great extent bave antibodies agatnst capsulated
H influenvaetype aand b Demonstrable antibodies
agamst surface structures (0 antigen and/or prote
1ms) of the two mon<capsulated strains were Jess
prevalent 1n the human sera tested

“The fresh isolates of non-capsulated H snfTuen-ae
from infected patients were Jike Saand Sb sensitive
1 the BC acuvwy of rabhit preiamune sera
However the BC tires of the patient strasms were
all lower than for the S3 and Sb swrans and
moreover the sensitivity of the strains varied a
great deal from 112 to 1 32-64 One possible
reason for the difference 1n sensiuvity of the patient
stramns as well as that of Sa and Sb respectively
may be that the cell walls of non-tapsulated baciena
differ a3 to the permeability of the activated

the acton of the complement as proposed by
Rowlev (23) W found Uike others (16 20) that
heat treatment of the hyperimmune sera increased
Gie proront twre possibly caused by an anu

y effect due 10 of serum
pratens (14 16}

Only non<apsulated H influen ge bacteria were
found to be senstive fo bactencidal factors 1n
premmmunt rabbit sera . which no apbbodies
aganst the bactena tested were detectable The BC
eflect of normal sera on certan strawns of Gram
negative bactenia 1€ £ colt 15 Well known and has
been attributed to activation of the alternative
pathway (4 25) We found the factors causing the
BC activity of the preymmune sera to be heat labile
18 they were destroyed between 3056 °C and
absorbed by zymozan at 15 °C (unpublished re
sults) These findings are well accordance with
oroperties of the factors of the properdin system (4
21 22) Heatng rabbit and human sera to 56 °C for
5 msn might be a means by which the presence of
speaific can be
from BC activity of presmmune sera

The capsulated bacternia were not Sensiuve fo
bacterial actvity of premmune rabbit sefa The
results of our studies were agreement with an
nvestigatson on human sera in which 1t was found
that capsulated M influen~ae appeared o lack (he
ability to actvate the complement through the
alternative pathway tn contrast to the £ cofs stram
used {11} However our studies of the BC activity
of hyperimmune Sera indicated that capsulated }
influen ae bactena are very sensitive to complement
activated through the classical pathway as the BC
titre of the anti Ma and anu Mb sera was found to
be quite hugh (about 1-~2 %

The method developed on rabbit sera was found
= R TmCT T s on human sera too The

¥ has been found 1o be of
importance for the sensiuvity to the BC effect of
complement {23) Another posubitity ts that the
outér membran¢ of different strams may possess
variable amounts of proteins and LPS (9), which
may affect the degree of compiement activation
through the alternative pathway This difference i
sensiivity to serum BC effect may reflect 2
difference i virulence (e g 1nvasneness)among the
strams as well

Fhis swdy was supported by grants from the Sued sh
Med cal Research Council (No 16X 04978) the Faculn
of Med cine Lnnversuy of Goteborg and the Cateborg
Med caf Soc ety
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b fiaty st was shown that the
Using a reliable and strong reacting antiserum of the rare ant-Cob spea!

Co® :nugen was fully developed at birth Gene dosage effect could not be demonstrated The frequency
of Cold+) persons 1 the Danish population (7 8%) was found not to duffer from other Caucasian
Ppopulations The anubody belonged to immurnicglobuln class 1gG without ability of fixing complement

" sitrg
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The mtroduction of the Colton blood group
System of human red cells took place in 1967 by the
description by Heisto et al (4) of an antibody
defiung the antigen Co* Three years later Gules et
al (3) reported the detection of an antibody reacting
With the presumably antuthetical allele product Cob

Since then several other examples of antt-Co® and
ant-Co® have been published (Table 3) but tnforma
ton charactenzing especially the Cob antigen and
au-Co® 15 still to a great extent lacking Gene
dosage effect on reaction strenght of the antigens
development of antigen at birth and frequency of
Cob antigen 1n many populations Likewise serolo
gtcal characterzation of anti-Co® 55 stll insufficient

As anu-CoP 15 2 rarely detected antbody 1t was
decided 1o further characterze the Cob-ant;-Cob

System when a rehiable and strong reacung ant: Cob
‘became avatable

MATERIALS AND METHODS
Antisera

Antt Cob (EGJ) was shown 1 2 60 Years ofd male
Pauent (A Rh posittve Cola+b-} Wr(a-}) suffertng
from myelof brosis dunng | 4 years In gus period he
was ransfused with 10 donorunits of erythrocytes ~two
of which were later shown to Ppossess the Cob anugen

The anti Cod m his serum was opmally reacting m
saline followed by antt human globulin technique (AHG)
and equally well by enzyme (2 step papaint techmuque}
foltowed by AHG W th the enzyme techneque an anu
Wr* (Wright blood group system) was furthermore
found Blood was drawn from the pauent at one
occasion small aliquots of the serum were stored m
Dquid pitrogen and the noeded amount thawed immedia
181y priot 10 each investganon

The ant-Co® (EG) showed 32 in trter by thesaline +
AHG techmque

Anti Cob (EF) was detected 10 2 60 years old female
Pauent (A Rh posve Cofa+ ) admitted 1 the

Vs duL B vest by the salime or 2 S1€p papam
technique at 37 °C followed bY AHG The pauent died
before the serologtcal tnvestigations were campleted

Blood Samples



o

©

=)

~

w

[

=N

56

g, fors Heland,

P& studres of Hae
 E effect of vartous
antigen preparations and the relation between this
effect and demonstrable precipitinogens Int Arch
Allergy 44 585-600 1973

Branefors Helander P Milén O & Jeppsson P -H
Acute otiis medis Assay of complement fiing
antibody agamnst Haemophilus influen-ge as a
diagnostic tool 1n acute otitis media Acta path
microbtol scand Sect B 81 508-518 1973
Costerton J W Ingram 1 M & Cheng K J
Structure and function of the cell envelope of Gram
negative bacterra Bact Rev 38 87-110 1974
Fegin R D Richmond D Hosler M W &
Shackelford P G R of the role of
bacterictdal antibody tn Haemophilus influenzae
infecion Am J Med Sci 262 338-346 1971
Fine D P Marngs S R Colley D G & DesPrez
R M H lus influen ae d )
pattern tn chelated and nonchelated serum In Sei!
S H W & Karzon D G (Eds) Haemophilus
mfluenzae Vanderbilt University Press Nashville
Tennessee 1973 pp 113117

Fothergill L. D & Wright J The relation of age
1ncrdence fo the bactericidal power of blood aganst
the cavsal orgamsm J Immunol 24 273-284
1933

Gump D W Tarr P L Philips C A & Forsyth
# R Bactericidal antibodies to  Haemophtlus
influenzae Proc Soc Exp Brol Med /38 76-80
1971

Kabat E A & Mmer M M Experimental
immunochemistry Charles C Thomas Springfield
Nhinots 1961

Mpairwe Y Immunuty to Haemophilus influenac
type b The nature of the bactericidal antibody 1n
human blood J Med Microbiol 4 43-49 1971
Muschel L H Gustafson L & Larsen L Re
examination of the Neisser Wechsberg (anttbody
prozone) phenomenon Immanology /7 525-533
1969

ol 1

17

o

)

2

=

~

™
&

23

2

2

2

&

&

-8

=

Neisser M & Wechsberg F Ueber d e Wirkungs
art bacterscider Sera Munch Med Weschr 48 697
700 1901

Norden C W Vanable susceptibility of Haemop!
{us influenzae type b strains to serum bacteric dal
acuvity Prac Soc Exp Biol 139 59 61 1972
Norden C Melish M Overall J C & Baum J
I to ffus nfluen ae
menngitts J Pediat 80 209-214 1972
Normann B The antibactertcidal effect of ant lipo
polysaccharide IgG 1n the bactericidal reaction of
normal serum on some Enferobacieriae Dss
Linkoping 1973

Pensky J Himw C Jr Todd W Wedgnood R
Boyer J & Lepow [ Properues of highly punfed
human properdtn J Immunol [00 142-138
1968

Pilemer L Blum L Lepow ] Wur- L & Todd
E W The properdin system and immunsty HI The
2ymosan assay of properdin J Exp Med 03 ]
13 1956

Rowley D Antbacterral action of antubody and
complement J Inf Dis 128 170~175 1973
Schneerson R Rodrigues L P Parke J C &
Robbms J B Immumty to disease caused by
Haemophilus wnfluen.ae type b 11 Specificity and
some biologic characteristics of > natural 1nfection
acquired and immunization induced antibodues to
the capsular polysaccharide of Haemophulus mnfluen
.aetype b J Immunot 167 1081-1089 971
Schrewer R D Mornson D C Podack E R &
Muller Eberhard H J Bacterscidal acuvty of the
alternative complement pathway generated from 1}
1solated plasrna proteins J Exp Med 149 870
882 1979

Turk D C & May R J Hdaemophlus influer 2~
1ts clinical importance English Untversities Press
London 1967

Ward H k & Wright J Studees on infivenzal
menmngss 1 The problems of specifity therapy J
Exp Med 55 223-235 1932




Newtioms 3 tata 523

aats (D cotassel
Colab)

Colb+ ) persons . the Damsh population amoun
tng fo 78% (95% confidence Lmits 4 8 -
114%)

DISCUSSION

The demonstration of anu-Co® 1 a rare event The
anubody s presumably above all produced by
persons, who are good antibody responders Often
therefore anu-Cob 1s found wn persons producing
several other irregular anubodies stimulated by

4321001024302

Diference m tier from contral
Fig | Anugenic strength of Cob anbigen on red blood
cells from newborn children and adults compared to
control Cofa + b +) aduit red blood cells {see text)

Effect of Gene Dosage

Tactuded i the determmations shown wm Fig |
are two samples found homoZygous for the Co®
gene 1¢ Cola~b +) using anti-Co? and anu Cob for
phenotyping One of these was found 1n this stdy
the other originated from the collection of rare
phenotyde red cells stored 1n our blood bank On the
basis of only these two examples no clear gene
dosape effect was demonstrabie

Frequency of the Cofb + ) Phenotype

Among 186 mothers and 86 blood donors
elonging to blood groups A and O 21 Colb+)
persons were found that means a frequency of

of esy (sce Table 3) The
two antiCob sera reported here are remarkably
pure and strong reacung The purty can be
explained for the EG) serum by the fact that EG)
expressed most of the strang blood group antigens
himself (Fy* ¢, D Jk% only lacking the K antigen
However phenotype studies of the donors from
whom he receved red cells showed that he
probably never had been exposed to this antigen
As the anu-Cob s found to belong to the
immunoglobulin class IgG and the Cob antigen ts
fully developed at birth 1t can be anttcipated that
the anubody can pass placenta 1n pregnant women
and provoke hemolytic disease of the newbom
although this has not yet been reparted The
Counterpart antibody ant1-Co* which shows sim

tar immupological charactensucs has catised hemo-
Mtic diseace of tha newhers 20 -~

N

wu o au A TROIED ToT
other pcpulauans of Eumpu.n descent (8}

TABLE 3 Published Cases of Anti Co*

Sumetaton “Technique opirmal for Sunultaneoysty ocousming
demnonstration of anu-Cob 1rregular antibodies.
Enzyme  Albumn  AHG
Gles eral (
197(6" 3) Transfusian + + Antt E Anu-C¥
Tkin et af (5)
I97; | Transfusion + Antt Fy* Antic
Levsaat 6 bl Trans:nswn + Ant-C Anu E Any Fy?
ey » AnuD AnuC Any K Anu S
Casein) Transh
s ‘ransfusion + Noge
(‘)alzs;;tz) Transfusion + Aot Fy? AptS Apg E
n ntl
Anu Wrt Anu i
Jerne er Ly lioff
s reporty 1 EG3 Transfusion + -
w1 2 EP Trmfugn o T pwwe

Noge

<a



TABLE | Reaction Pattern of Anti Cob Sensiti.ed Red Blood Cells with Specific Anpi Ig Sera

Colb +) red blood cells Reaction with

Broad speciry
tncubated ! hour at 37 °C with Antt IgG IeA IgM C3/Cq AHG rcaggn(m
Fresh anti Cob(EGJ) + - - - +
Fresh ant) Co® (EP) + - - - +

used within { week of sampling aithough pilot studies
showed unaltered Cob antigens after 5 weeks of storage
in ACD anticoagulant solution

Serological Technigue

Phenotyping  Anti Cob (EGJ) was used throughout
this study and always dituted 11 1n salne For
phenotyping and 5% of erythrocy
tes 1n safine were incubated with anuserum dilutions at
379C for one hour followed by AHG using a broad
spectrumn antiglobulin reagent The results were red with

with this the anti Cob 15 in witro unable 1o
agglutinate erythrocytes suspended 1n saline o not
show hemolysts and inactivation of serum by
heating to 56 °C m 36 munutes does 1ot weaken the
reaction between the sensitized cells and the broad
spectrum antiglobulin reagent used for AHG

Deaelopment of the Ca® Antigen at Birth
Samples from 186 mothers and ther {88
newborn babies {including two pairs of twins) were
d for the p of the Co® antigen

the naked eye 1n to generat
princeples Positive and negative controls were included

Turations were carried out as two fold master
utrations Using the same antiserum the endpomnt of
titration was taken as a measure of the strength of the
antigen The same Cofa +b+) donor suppled control
test cells for simultaneous Gtrations 1n every case for
reasons of comparison

Classificaton of ann Cob was carned out using

pecific antt Ig and antt
complementsera Antt IgG —[gM ~IgA and anti C3/C4
(Qrganon®) After incubating Colb +) red blood cells
with undiluted fresh anti Co® for 60 mmutes at 37 °C
results were obtained from reactions with the speaific
ant; Ig and antt C3/C4 sera using a mucrotiter plate
techmque

RESULTS

Characterization of Antt Cob
As shown m Table 1 anti Cob consist of IgG

without ability of fixing complement In accordance

Table 2 shows that half of the children (7 out of 13)
of heterozygous Cola+b+) mothers inhent the
Cob gene which 15 expressed at birth and that the
number of Colb + ) children equals the number of
Colb+) mothers among the mvestigated This
would be expected for a Mendelian charactenstic
with full penetrance

Figure | shows the antigenic strength of the Co
antigen 1n the persons found to be Colb+) The
strength as determined by titration 1s 10 every
stance compared to the same stmuttaneously
titrated control sample and the deviation m titer
from this control ts shown i the diagtam
Measured 1n this way the strength of the Cob
aptigen appears remarkably constant and no diffe
rence between children and adults could be demon
strated

TABLE 2 Colton Phenonspes [ 186 Mothers thetr 188 Newborn Children and §6 Blood Dnors

Newborns Mothers Donors Adults

Mothers Colb)  Cola+b+) Cola-b+)  mal mvestigated i ll
Coflb-} 166 6 0 172 79 251

1680
20
Cola+b+) 6 7 13 . ,
Cola=b+) Y ! 0 1 ‘_

174+ 14 0 186 86 2

4 ncluding two pairs of twins

ro
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IN VITRO STIMULATION OF BLOOD LYMPHOCYTES
FROM MYCOPLASMA PNEUMONIAE
INFECTED PATIENTS WITH PNEUMONIA AND WITH
DISORDERS OF THE CENTRAL NERVOUS SYSTEM
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piealet and the Mycoplasma Laboratory Blood Bank &
Blood Grovping e
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Sratens Denmark

Mogensen H H & Lmd K Ja suro sumulation of blood lymphocytes from Af)coplasma preumoniae
tnfected patients with pneumomia and with disorders of the central pervous System Acta path
microbol scand Sect. C 88 61-65 198D

In 23 patients wath AMycoplasma preumoniae (MP) infection (13 with paeumoma aod 10 with an acute
febrile non bacteral disorder of the central pervous system (CNS)) and in 26 healthy coptrol persons
thymidine 1ncorporation of blood fymphocytes suntulated tn virra by Julled MP was studied The
tymphocyte response to MP was sincficandy lugher 1 the preumonsa pauents than 1n the conusis In
the patients with an acute disorder of the CNS lymphocyte Tesponses to MP tended 1o be low or
normal 10 lack of pleocytosts 1t the spinal flusd but Were predomunantly high when either pleocytosis
or & pulmonary mfiltrate was present Lymphocyte responses 1o the mutogens PHA W\ and Con A
were normal 1n alt groups The lack of uncreased responses 1o MP anugen i some of the neurological
Pauents despye a current MP infecuon may reflect an antigen specific depression or a lack of specific

sensiuzation of thete lymphocytes
Key words Lymphocytes Mjcoplasma pneumomae Central Rervous system poeumonia

H H Mogensen Department of Infectous Diseases M Rigshospialet DK 2100 Copenbagen @
Denmark
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The nature of immunity i Af) coplasma preumo
niae (MP) infection 1 man 18 largely unknown The
level of antibodies to MP 1n blood 15 partly
orrelated with resistance to remnfecuon (13) The
Presence of spectfic antbodies 1n brorchial secre

Uons has been demonstrated after infection with MP
45 8) Rrm- - e

these secrs

Teststance

Volunieers 1w MY tansury
the unne- e

such [T .
with '

was - »

e tor along period
R

s auwuun Of the

infecnon 10 the resperatory trace (6} Hawever, the
sigmificance of cell mediated immunty 1 the
humas M? snfecuon 18 not clear

Increased responsiveness of Iymphocytes to MP
2ntigen afier MP pheumoma 1n man hac feam
Ao .

i)

R .
booe wes e nervous system (CNS) 4 .
tsorder

and positive tests for corns lement
anubodies to MP ? e B

The 21m of the present stud;

y was {0 compare the
Iymphocyte vesponses to MP w persons with
current or previous MP pneumons and 13 contro]
persons and to examune and compare the response
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10 23 patents with M) coplasma preumoniae (MP) mfection (13 #ith pneumona 20d |0 with an acute
ffbrde non bactemat disordes of the central nervous systesm (CNS) and in 26 healthy control persons

thymidine meorporation of blood lymphocytes sumulated o vitro by killed MP was swdied The
tymphocyte vecponse to MP was sigmficantly hugher 1n

the patients with an acute d sarder of the CANC 1

normal 1l .
©f 2 puimor
wefe norma
patents des .
sensitization

the pneumornia patients than m the controls In

Key words Lymphocytes Mycoplasma pneumontae central nervous system pneumonia
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The nature of wmmunity Mycoplasma pnesmo
ruge (MP)infection 1n man 1s Jargely unknown The
level of antibodies o MP m blood gactly
Correlated with resistance to remfection (13) The
presence of speafic anubodies m bronchial secre
ons has been demnanstratad of o -
“Ws

these
resist.

Yolup w4 4et wE can survive for a long persod 1n
the upper respiratory tract even o the presence of
such antbodies In muce woculated matrangsally
with A!)mplasmn puimous cell mediated wnmunuty

mutation of the

1 Mopensen Depariment of Infecuous Distases M Rigshospualer DK 2100 Copenhagen ©
Denmark

mfechion to the respiratory tract (6) However the
sigmficance of cel mediated immumty 10 the
human WD afen
an - * g
demonstrated 1 several imvestganons (2 7 9 12)
In one of these reports (12) Tour of the patients did
Botshow an increase 18 lymphocyle response They
had both a central nervous system (CNS) disorder
and posive tests for complememt fi
anubodies to MP P e (CP
The 2um of the present swdy was to compare the
Iymphocyte tesponses to MP In persons with
Current or previous MP prewmoma and 1n control
persons and 10 examine and tompare the Tesponse

- oy
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Mean of responses was 906 cpm, range 256~
1882 cpm For the controls the mean was 4663
cpm . range 560-8422 Lymphocyte responses to
PHA, PWM and Con-A were normal o high m
this patient
¢) CNS disorder The lymphocyte responses to
fafied MP 1 pauents with mennguss, encephalits
acutz 2 acuta or p
acuta plus a poswve 2nts MP CF test are given in
Table 2 by a ratto based on the relation to the mean
of lymphocyte responses 1n the controls (see
MATERIAL AND METHODS) The patients were
1n Most cases examined on Various OcCasions Since
p P 1s often d ed du-
ring the first tme of mfecuous disease or later
during complicating events, the fughest responses
obtained within the first 10 months of tnvestigation
are therefore considered relevant to an evaluation of
the specific sensitrization of the fymphocytes It is
se¢n that 1n patients without a pulmonary infiltrate
lymphocyte responsiveness tended to be low or
normal 1n Jack of pleocytosts in the CSF, but high 1n
two out of three pauents where pleocytos:s was
present (in the third patient, JM  there was only one

Pmtptt
1 18 181 1729
CONCENTRATION OF MP ANTIGEN

Fig | 1'Cthynudine uptake by Tymphocytes after
stmolation with varying doses of killed Afycoplasma
prevmoniae (MP) antigen The lymphocytes were obLat
ned from an MP infected pauent (P} Table 2) on three
occasions ® 33171 A 17377 and O 18477

Onset of disease 14 2 77 NP antigen diduuion ) 15 equat
10 the stock sotution

on six occasions within the first year after onset of
illness  Jymphocyte responsiveress to MP was
sigmificantly lower than in the controls (p < 0 01)

TABLE | The Maximal Response 1o Kulled

early ) When a pulmonary mfiltrate
was present lymphocyte responsiveness was mar-
kedly increased, regardless of the number of cells in
the CSF Briefly, Iymphocyte responsiveness tended
to be low or nermal n lack of a focus with ceflular
infiltration {tungs or CNS) and high 1 the presence
of such a focus

Mutogens
In order to compare the results of non-specifically
1 the th; mcorpora
tion was measured after mutogenic strmulation with
PHA PWM and Con A Table 3 shows the results
for the MP infected persons within 6 weeks after
onset of tliness and for the controls Only the nune

V) of Lymphi Obiained from 11 P,
it e o Frevious WP Prcumomia in' aricus Fertoiss after Unset of Preumoma and from 26 fealihy Z':::;(:;/
Persons
Years Number of Number of Range of At
after persons o mpgnsa res::s“:s
disease tested auons. pm) pm)
[ 9 26 3285-24294 11605
P preumona 1-2 8 ) 884~ 994} 6681
(norgual couras) 3 4 4 7920- 9358 8635
= i 2 6132~ 7714 6953
2 5367- 8130 6749
Controls 13 2 560~ 8422 1663

ey



to MP 1 vitro of lymphocytes from patients with
various neurological mamifestations plus serological
evidence of current or recent nfection with MP

MATERIAL AND METHODS

Subgects Six males and seven females aged 1-64 years
(average 28 years) with current or previous MP
pneumonia were studied In nine of the patients the study
was imtiated within 3 months after onset of disease and
they were all reinvestigated at least once within the first
year (a total of 26 observations) Seven of these patients
were further investigated on one or more occastons up to
3 years after onset of disease Four patients who were
included 1n a previous report (12) were each examined
on two occasions between | and § years after onset of
tllness The diagnosis was 1n all cases established by a
combination of pneumonta (in 10 cases confirmed by X

ray n three cases by pulmonary auscultation only) and a
positive CF test for antibodies to MP The chinical course
was normal with a febrnile period of less than 2 weeks

Furthermore a 27 year old man with a long tasting and
severe MP pneumomia was investigated He was
previously healthy without propensity for unusual
courses of mfectious diseases For almost 3 months he
was febrile (38-39 5 °C) pertodically with prominent
cough and Blateral Y

were demonstrated by X ray CF anubody ttre was
maximally 512 tests for cold agglutinins were negative

Four males and six females aged 5~57 years (average
25 years) with a CNS disorder plus a positive antt MP
CF test were examined on various occasions within 10
months after onset of disease altogether 23 imes These
persons are further described in Table 2 Four of them
were also included 1n the previous report (12) Pleocyto
sts is defined as the presence of more than 10
leucacytes/pl 1n the spinal flwd (CFS)

Twemy six healthy “Volumeers aged 349 years
(average 26 years nine males and 17 females) without
known experience of MP infection served as controls
They were all negatve when tested for CF anubodies to
MP and for cold agglutinins

Lymphocy te cultures The lymphocyte transformation
techmque has been described in detml previously {1 1
Briefly mononuclear cells were isolated on a Ficoll
Isopaque gradient washed three umes and resuspended
i RPMI 1640 contaning 15 per cent pooled serum
{negative for CF anubodies o MP) (rom healthy young
non transfused male donors A wording to the results of
cell utration experiments (sec betow) 103 cells were
cultured per vial (round bottymed) in 500 pl medium 1
375°C i 5 per cent CO; Cultures were harvested
after 72 hours when stimutated with mitogens and after
120 hours when stmulated with MP antigen (see
RESULTS) '4C thymudine was added 24 hours before
termination and the incorporation was quantitated by
iquid scntillation counting The results given as counis
per munute {c p m) are means of triplicate determing
tons after subtraction of the values obtained mn
unstimutated cultures A response n a stimulated culture

P

1s considered posittve when 1t 1s more than 2 § tumes the
value of the correspondig unsttmulated cutture Four of
the patients 1n Table 2 have been described m the
previous study (12) Because lymphocyte responses were
consistently lower in that study than tn the present, 2
rauo (response in patient/mean of the responses 1 the
cor controls) was for each study

Antgen preparanon The Mac stram of MP was
grown tn standard mycoplasma medium on the inside of
Roux flasks washed scraped off and washed again {10}
After dilution 1 5 1n phosphate buffered saline pH 72
the preparatton was ultrasonicated three times [ munute
and stored frozen 1n small aliquots This non yuble
preparation had a protein concentration of 0 § g/lure In
all experiments a dose litration was carried out SevenJ
fold dilutions were used added by 20 pl to the culsures
The maximal response 1s defined as the tighest value
obtained by any of the varymng antgen doses Tht
mycoplasma medium (before and after incubanon at
379C for § days) was tested as a controf

Miutogen preparations The mitogens were each €M
ployed 1n the optimal concentrations 50 pl of the 500 ml
reconstituted stock solution of phyfohaemagghutiait
(PHA P Difco} 100 pg of poheweed mitogen (PWM
Grand Island Biological Co ) and 20 pg of concanavahet
A (Con A Pharmacia)

Antibods turanon CF antibodies to MP and ool
agglutimins were determined as described previousty A
titre of = 64 was considered posiuve 1n both tests Four
fold changes In titre were regarded as sigmificant 1o

Stanstical method W ilcoxon s rank sum test was
for comparison of lymphocyte Tesponses

RESULTS

Cell Density Rwneies and Dose of Anugen

The optimal cell density was found to be 103 cells
per SO0 ph culture Culiures were harvested on day
5 when growth was exponential In most patients @
maximal lymphocyte stimulation was achieved wit
an MP antigen concentration of 13 Fig } sho“;
the lymphocyte response to varying doses of M
antigen determined on three occasions in one patient
(PJ Table 2) The mycoplasma medium {before and
after incubation) did not induce any posiheé

response

Comparison of Patients and Controls
a)fl'\ﬂ’ pneumonta (normat course) The maumal
response to killed MP in these 13 pauents On
vartous occasions 1s compared with the controls 1
Table 1 The responses obtamed . nine patienits
within the first year after ppeumonia were sigmfi
cantly higher than m the controls (p < 00(} <g
were the responses obtained during the periods |-
years and 2-5 years after illness (p < 005} )
) MP pneumonia (severe course one pauen;d
The person with severe pneumonia Wwas examin
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Mean of responses was 906 cpm, fange 256~
1882 cpm For the controls the mean was 4663
cpm, range 560~8422 Lymphocyte responses to
PHA, PWM and Con A Were formal to high i
this patient

¢} CNS disorder The ]lymphoCyte responses to
Klled MP 1n patients with meningitis, cnocﬁ)hal‘lm
acuta g it acuta or
acuta plus a postuve antt MP CF test are given 1n
Table 2 by a ratio based on the relation to the mmean
of lymphocyle responses in the controls {see
MATERJAL AND METHODS) The patients were
1n most cases exanuned oM VafIoUs OCCASIONS, Since
lymphocyte responsiveness 1s ofien depressed du
ning the first ume of slectious disease or later
during complicating events, the highest responses
obtained wathin the first 10 months of tvestigation
are therefore considered refevant to an evaluation of
the speafic sensitization of the lymphocytes It 15
seen that in patients withost a pulmonary nfiltrate
tymphocyte responsiveness tended (o be fow or
normal 1n lack of pleocytosts in the CSF but highn
two out of three patents where pleocytosis was
present {in the third pauient, JM there was only one

=t

1 19 181 1729
CONCENTRATION OF MP ANTIGEN

Fg 1 MCymadwe uptake by lymphocytes aber
sumufaton with varying doses of killed Mjcoplasma
prewmoniae {(MP) antigen The lymphocytes were obtat
ned from an MP infected patient (P) Table 2) on three
occauions @ 3377 A 17377 and O 18477
Onset of disease 14 277 MP antigen dilution | 15 equal
1o the stock soluon

on %1% oocasions withen the first year after onset of
illness  lymphocyte responsiveness 1o MP was
siguficantly lower than 1n the controts (p < 0 01)

TABLE 1 The Mavimal Response to Kilted

early When a pulmonary infiltrate
was present JymphoCyte responsiveness was mar
kedly increased regardless of the number of cells in
the CSF Briefly lymphocyte responsiveness tended
to be low or normal m lack of a focus with celiutar
smiittration {tungs or CNS) and high 1n the presence
of such a focus

Mutogens
Inorder pare the resules of non

¥

ncorpora
1on was measured alter muitogentc strmulation with

PHA PWM and Con A Table 3 shows the results
for the MP infected persons withint 6 weeks afier
onset of iliness and for the controls Only the mne

WP)of Ly mphe Obtained from 13 Panients
Rah Curtens or Presious MP Prewmonia in Various Feriads alier Onset of Preumonia and from 25 Healthy Congyof
ersons
Years Number of  Mumber of Range of Mean of
afier persons. observ responses. Tesponses
disease tested atons cpm} fepm)
ot 9 2 3285-24294 11608
MP pneumonta 2 3 L] 384~ 9941 6661
tnormal course 3 4 4 7920~ 9358 8635
34 1 2 6132~ 7774 6953
4-s 2 2 5367~ 8130 6749
Cortrols 13 2 560~ 8422
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to MP 11 vutro of lymphocytes from patients with

15 considered positive when st 15 more than 2 § tmes the

100

various 1cal plus g
evidence of current or recent fection with MP

MATERIAL AND METHODS

Subsects Six males and seven females aged 1-64 years
(average 28 years) with current or previous MP
pneumonia were studied In nine of the patients the study
Was initrated within 3 months after onset of disease and
they were all reinsestigated at least once within the first
year {a total of 26 observations) Seven of these patients

value of the corresp ng culture Four of
the patients 1n Table 2 have been described 1 tr
previous study (12) Because lymphocyte responses were
consistently lower 1n that study than n the presen 2
ratio {response 1n patient/mean of the Tesponses 1 the
cor ding controls) nas for each study
Antigen preparation The Mac stram of MP wz
grown n standard mycoplasma medium on the inside of
Roux flasks washed scraped of( and washed aga  {10)
After dilution 1 3 1 phosphate buffered saline pH 11
the preparation was ultrasonicated three times | m nue
and stored frozen tn small alquots This non e

were further investtgated on one or more up to
3 years after onset of disease Four patients who were
included 1n a previous report {12) were each examuned
on two occastons between ) and 5 years after onset of
illness The diagnosis was n all cases established by a
combination of pneumonta (in 10 cases confirmed by X

ray in three cases by pulmonary auscultation only) and 2
positive CF test for anttbodies to MP The chncal course
Was normal with a febrile period of less than 2 weeks

Furthermore a 27 year old man with a fong lasting and
severe MP pneumopia was investigated He was
previously healthy without propensity for unusual
courses of infectious diseases For almost 3 months he
was febrile (38~39 5°C) pertodically with prominent

had a protein of 05 g/lire n
all experiments a dose titration was carried out Seven3
fold dilutions were used added by 20 i to the cultuses
The maximal response 15 defined as the mghest alue
obtaned by any of the varying antigen doses The
mycoplasma medwm (before and after incubaton at
37°C for 5 days) was tested as a control

Muogen preparanrons The mnogens were each en
ployed 1n the optimal concentrations 50 i of the 500 ml
reconstituted  stock solutton of phytohaemagghiinn
(PHA P Difco) 100 pg of pokeweed mitogen (PWM
Grand Island Biological Co } and 20 pg of concanaval
A (Con A Pharmacia)

Anubody utraton CF antibodies to MP and cold
were determined as described prestously A

Bulateral 'y
were demanstrated by X ray CF antibody uire was
maximally 512 tests for cold agglutinins were negative

Four males and six females aged 5-57 years (average
25 years) with a CNS disorder plus a positive ant MP
CF test were exanuned on various occastons within 0
months after onset of disease altogether 23 ttmes These
persons are fusther described tn Table 2 Four of them
were also included in the previous report (12) Pleocyto
Sis 1s defined as the presence of more than 10
leucocytes/pl 1n the spina) find (CES)

Twenty s1x healthy volunteers aged 3—49 years
(average 26 years mine males and 17 females} without
known expertence of MP infection served as controls
They were all negative when tested for CF antibodies to
MP and for cold agglutinins

Lymphocy te cultures The lymphocyte transformation

has been d bed 1n detail p: fy (11)
Breefly mononuclear ceils were 1sofated on a Frcoll
Isapaque gradient washed three umes and resuspended
i RPMI 1640 contamning 15 per cent pooled serum
{negative for CF antibodies to MP) from healthy young
non transfused male donors Awcording to the resuhis of
cell titration experiments (see betow) 103 cells were
cultured per vial (round bottomed) 1n 500 pl medum at
375°C i 5 per cent CO Cultures were harvested
after 72 hours when stimufated with mitogens and after
120 hours when stimulated with MP antigen (see
RESULTS) 'C thymudine was added 24 hours before
ternumatton. and the mncorporation was quantitated by
liquid seintiltation counting The resolis given as cauats
per munute (cp m ) are means of triplicate determina
tions after subtractton of the values obtaned m
unsumulated cultures A response m a sumulated culture

Cough and dysp }} fil
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tiire of 2 64 was considered positive 1o both tests Four
fold changes tn utre weve regarded as stgnificant {10}

Statistical method WlcoXon s rank sum test was used
for comparison of fymphocyte responses

RESULTS

Celf Densisy  Ranetics and Dose of Antigen

The optimat cell denstty was found to be 105 cells
per SO0 pi cutture Cultures were harvested on 62y
5 when growth was exponential In most patients 8
maximal lymphocyte stimulation was achieved with
an MP anugen concentration of 1 3 Fig | Show;
the lymphocyte response to varymng doses of \X‘
annigen determined on three occasions i one paucl:l
(PJ Table 2) The mycoplasma medtum {before an
after ncubation) did not induce any posiivé

tesponse

arsson of Pauents and Controls

CD:)U;\‘IP pneufmonm (normat course) The maxlm:;l
response to kiled MP in these 13 panems[ [y
various occasions 1s compared with the controls 1n
Table 1 The responses obtained 1@ mne pmxen;s
within the first year afler preumonia were sllg)m i
cantly higher than m the controis p <00 (—s?
were the responses obtained during the peniods
years and 2~5 years after Hiness p < 005 )

b) MP pneumonta {severe course on¢ pauene(d
The person with severe pneumnonia was exarn



L *

1 18

ottt
18 1728
CONCENTRATION OF MP ANTIGEN

Fig 1 1Cthymidine uptake by lymphocytes after
sumulauon with varying doses of killed ¥hcoplasma
- .

L] a PRl
Unset of disease 142 77 MP antigen dilution 1 1s equat

10 the stock solation

on it occanions within the first year after onset of
illness  fy mphocyte responsiveness to MP was
significantly lower than m the controls (p < 0 01)

TABLE U The Yamal Respor

Mean of responses was 906 cpm, range 256-
1882 cpm For the controls the mean was 4663
cpm, range 560-8422 Lymphocyte responses {0
PHA, PWM and Con A were normal to high 1n
this patient
¢) CNS disorder The lymphocyte responses to
kalled MP tn patients with meningitss, encephalius
acuta, lins acuta or
acuta plus 2 posiive ants MP CF test are gnen m
Table 2 by 2 ratio based on the relation to the mean
of lymphocyte fesponses n the controls (see
MATERIAL AND METHODS) The patients were
1n MOSt cases examined O Various OCCasions, SInce
p 15 often d d du-
nng the first ume of nfecuous disease or later
duning comphcating events, the fughest responses
obtarned withun the first 10 months of mvestigation
are therefore considered relevant to an evaluation of
the specific sensiization of the lymphocytes It 1s
seen that in patients without a pulmonary infiltrate
fymphocyte responsiveness tended to be fow or
normal in lack of pleocy10sis in the CSF, but kigh m
o out of three patents where pleocytosis was
present (in the third patient, J\, there was only one
early examimauon) When a pulmonary mfiltrate
was present, lymphocyte responsiveness was mar-

Tt

of such a focus

Musogens
In order to compare the results of non-spearfically
I e d

y y

ton was measured after ntitogenic stmulation with
PHA PWM and Con A Table 3 shows the results
for the MP infected persons within 6 weeks after
onset of illness and for the controls Only the nne

nse to Killed Mycoplasma pneumoniae (8P} of Lymph
063 163 Obtained from 13 Patients
“th Current or Prevwous MP Preumonia i1 Varius Periods after Dnser of Preumonsa and from 26 Healthy Conlro;

Persons
Years Sumber of Number of Range of Mean of
daﬁ:r persons ohserv responses responses
isease ested avons cpm} cpm)
\ 0‘1‘ 9 26 J285-24294 11605
{P prcumonsa -2 3 ]
P one b 884- 9941 6661
course) = 4 3 7920- 9358 8635
. i 3 6132- 7774 6953

$367- 8130 6749
G T

26

% 560~ 8422 4
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TABLE 2 Lymphocy te {(:-spnnscx in vitro fo Mycoplasma pneumontae (MP) Antigen n 10 Pagients with an Acire
Disorder of the Central Nervous $)stem Gnen by the Ratio Highest Response 1n Patiens within the First 10 Months}
Alean of Responses in Controfs

Anu-MP CT titre

Patrent  Sex . Age) Clinical e Pulmonaty  Cells/pt ]:2:::‘:1/

years diagnosts maumum Change infiltrates mn rate
T M 23 E 128 Tait - [ 09
HRM r 22 PR 64 Rise/fall - 2 12
KAt F 29 £ 1000 Fall - 3 07
Ssp M n E 64 - - 10 06
M r 57 ME 256 - - 8 03
n M 21 M 2000 Tall - 190 k]
P} r 21 ML 256 Rise/fall - 256 3
Alf r 10 PR 1000 Rise/falt + 3 19
GS M s E 128 Rise/fall + 10 44
BLH F 51 M 1000 Rise + 45 27
Chinical diag Cnceph acuta (£) (\M) acuta (ME), poly radiculttrs acuta (PR

Additional diagnoses  *Respiratory syncytial virus tnfection {rise in antibody titre 8 to 64) *Reyes’ syndrome
fixing (CF) bodies to MP, presence or absence of pulmonary infiltrates and matimal aumber of

leucocytes per pl in spanal fluid (CSF) are indreated

TABLE 3 Lymphocyte Responscs 10 Optimal Concentranons of PHA PWM and Con-A wn 15 FPatents with
Mycoplasma pneumoniae (MF) Infection (9 Patients with Pucumora and 6 wih an Acute Disorder of the Contral
Nervous System (CNSH and tn 26 Healtln Controf Persons

PHA PWM Con A
Mean 16140 3131 1199

MP pneumoma (n = 9) cpm
(SD) 5507 (a5 5175
Mean 22630 3993 14972

CNS disorder {n = 6} cpm
SD) (8168) (938 (7806)
Mean 21280 4797 13713

Controls (n = 26) cpm
onres sD (7796) (1440) 5013

patients with MP pneumonia and the six patients
with a CNS disorder participating 1n the last part of
thus study (see MATERIAL AND METHODS)
were Included The differences between patients and
controls were not statistically sigmificant, except for
the responses to PWM n the pneumoma group (p

< 005)

DISCUSSION

In the present study, blood lymphocytes from
individuals with a cureent or previous MP pneumo-

64

na showed increased thymidine incorporation
when stimulated with MP antigen as compared ©
the controls This 1s in agreement with the results
reported by others (2. 7. 9, 12} Although
sigmificantly weaker than in these patients, lympho-
cytes from control persons did respond to MP
antigen It1s Likely that most of the controls had haz‘i
an MP mf 1n the past, although no

evidence hereof could be obtaned (2, 7} Investiga-
uons by Biberfeld (1) indicate that the probferatne
response in vitro of human lymphocytes to MPisan
antigen-speaific T-cell response rather than a non-




 antigen-specific mitogenic effect as demonstrated

for mouse and gmnea pig Spleen iymphocytes (3)
Besides 1t cannot be excluded that MP possesses
antrgens 1 common with other microorganisms
giving unspecific cross reactions

In one pauent With an unusual severe and
protracted MP pneumorua lymphocyte responses to
MP were even lower than in the controls No
obseryations were made that could elucidate the
connectson betw gen the climcal course and the Jow
specific lymphocyte response i this patient

In four of the patients with serological evidence
of an MP infection and a ONS disorder who had
neither pleocytosss nor pulmonary infiltrates a low
or normal lymphocyte response 10 MP was found
while ncreased responses here seen 1n five out of
I panents where such cellular accumulations had
been present Ttus could suggest 2 positive relation
between the blast transformation of fymphocytes 12
vitro and the cellular aocumulation 11 no

The normal responses of [ymphocytes to unspect
fic sumutation with mytogens i both groups of MP
mfected patients indicate that the lack of an
1ncTeased response to MP antigen in some of the
neurological paisents may reflect etther an antigen
speaific depression or a lack of specific sensitization
of their lymphocytes

Since reactions of I may

~
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FABLL £ Lymphocyic Responses in vitro o Mycoplasma poeumoniae (MP) Annigen in 10 Patients with an Acwe
Disorder of the Central Ncrvous System Goven by the Ratto Highest Response in Patient withn the First 10 Months!
Mean of Responses in Conrols

Paent s A Chcal Anu-MP CF ttre Pulmonary  Cells/y! Patent/
(years) diagnosis infiltrates ol
maximum change ratio
e M 23 E 128 Fall - [} 09
HRM F 22 PR 64 Rise/fall - 2 12
KMH r 29 L 1000 Tall - k) 07
ssth M i1 r 64 - - 10 06
M T 57 ME 256 - - 89 03
JH M 21 M 2000 ran - 196 35
(Y] r 21 ME 256 Rise/fall - 256 3
AH r 10 PR 1000 Ruse/fall + 3o
GS M 5 E 128 Rise/fall + 10 44
BLH r 51 M 1000 Rise + s
Chinical diag Ei acuta (E), M), Tis acuta (ME) g drculttis acuta (PR)
Add ! diags y syncytial virus 1afection (rise in antibody titre 8 1o 64) PReyes” syndrome
Compl fixing (CF) anttbodics to MP, presence or absence of pulmonary infiltrates and maximal number of

leucocytes per pl n spinal flurd (CSF) are indicated

TABLE 3 Lymphocyte Responses to Opumal Concentrations of PHA PWM and Con-A i 1S Faticnis with
Mycoplasma pneumontae (4F) Infection {9 Patients wul Pneumona and 6 wath an Acute Disorder of the Ceniral
Norous Svstem (CNS) and in 26 Healtln Control Fersons

PHA PWM Con A
Mean 16140 33 11199

MP pneumonia(n = 9) cpm
{sD) {5507 (st 5179
Mean 22630 3993 14972

CNS disorder (n = 6) cpm
(SD) (8168) 938) (7806)
Mean 21280 4797 13713

Controls(n = 26) cpm
[6322] (7796) 04407 (5013}

nia showed Increased thymidine ncorporation

patients with MP pneumonis and the six patients
with a CNS drsorder participating (n the last part of
thes study {see MATERIAL AND METHODS)
were included The differences between patients and
controls were not statstically significant, except for
the responses to PWM in the pneumonia group {p
< 005)

DISCUSSION

In the present study, blood lymphocytes from
idividuals with a current or previous MP pneumo-

64

when stumulated with MP anugen as compared 0
the controls This Is 1 agreement with the results
reported by others (2, 7. 9, 12) Although
sigmficantly weaker than these patients, lympho-
cytes from control persons did respond to MP
antigen Itis hikely that most of the controls had had
an MP tnfection mn the past, although no serofogreal
evidence hereof could be obtaned (2, 7) Investiga-
tions by Brberfeld (1) indicate that the prohiferative
response in vitro of human jymphocytes to MP s aa

anuigen-specific T-cell response rather than a non-
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Vesenberg F Fragments and subclasses of 1gG m eluates of human malignant ussues Acta path
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Eluates of 13 mahgnant tumours were prepared at 56 °C using the conunuous flow techmque By
using 1mmunod flusion techniques 50-80 per cent of the IgG detected was found to be of the eG1
subclass The rauo of Tg/kappa to 1pflambda was sumiar in eluzwes and 1 the corresponding extracts
and tus ratio was similar (o that obtamned using pooled human serum This indicates a normal
distnbution of 136 subclasses im the eluates Bestdes whole 18G the eluates and corresponding extracts
contained fragments of 1gG This was revealed by using sodium dodecyl sulphate electrophoress (SDS
PAGE) However since parts of the IgG associated with human malignant tumours can be non
spectfically bound and since fragments of I3G was found 1n exwacts and elvates of normal ussues
ahhough o a lesser degree than i those of mahgnant tssue no conclusive evidence was obtained that
the malignant tssue could degrade Iz SDS PAGE of extracts and eluates of malignant ssues showed
2-3 constant bands not detected 11 1solated IgG or in extracts and eluates of most of the narmal
ussues These bands were not wentified

Key words Human tumours JgG subclasses 1gG fragments

F Wesenberg Broegelmann Research Laboratory for Microbiology N 5016 Haukeland sykehus Bergen
Norway
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Eluates of human malignant fissues contain both
immunoglobulins (reviewed 1 15} and other prote
R L, Rt T AR e s At wihy Tl

liagments 1n eluates of human leukemic blast cells
mdicaung that the IgG was degraded on the cells
Further ¥ 1 eral (16Yhave shown that extracts of
human malignant tissue could degrade human 1gG
atlow pH

W e have previously shown that eluates of human
malignant usse contain 12G (13) and anuproteases
(1) This study was designed to msestgate which

fragments of 1gG and 12G subclasses were present
1 these etuates

MATERIALS AND METHODS
Extraces and Eluates
. -

L ay ussues were the same as used previously (11 13)

baving been stored at —25°C fn bnef they had been
viepared 1 the following way The tssue had been
obtained at autopsies and bad been minced with SEIS50rS.
homogenized for | mim 1n a Serval Omm Mever and
ventnfuged at 20000 X g for 20 min The supernatant
#as called the extract. The sedimen was placed bery, een
glass fibre filters 10 a shont glass column and was
Washed in a contnuous upward flow of Pphosphate
buflered saline pH 72 (PBS) wuh 005 per cent Na
ande at 4°C The column was then submerged 1n
waterbath and the tissue eluted 1a the continuous flow o;
PBSa1 37 45 and $6°C suctessively The eluates were

7
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TABLE | /gG! Eluted from Human Mal gnont an
Normat Tissue i Per Cent of Total 1gG

Mean per cent IgG
Type of tissue No

(range}
1 t 3 63
Mal grant (50301
al 8 63
horm (60-30)

{aged 5060 years) and i eluates of normal lung
stomach and muscle from mdividuals of various
ages (20-60 years) The 1gG1 amounted to 60-80
per cent of the totat IgG (Table 1)

Iglkappa and Ig{lambda

The ravo of concentration of Ig/kappa and Ig/
1ambda to the concentration of 1gG was simular i
eluates and corresponding extracts and correspon
ded 1o the results obtained using PHS

Fragmenis of I5G
All the eluates of maltgnant tissues gave precipt
tation lines against antsera to I8G/Fab 1gG/Fd
and 1gG/Fc using the double diffusion test 1n agar
In order to further characterize the eluates they
were mixed with the antiserum to human gamma
kappa and tambda chains and the proterns precipita
ted were separated ustng SDS PAGE To check the
specficity of the anuserum 1sofated IsG pepsin and
fapatn digested 1gG were swmslarly muved sath the
antserum The three preparations were precipitated
by the anuserum SDS PAGE of the antiserum
showed only one hine indicating that the anttserum
'used contatned no fragments of rabon 1z Thus band
appeared between the 1gG and the Flab ); band and
was rather large However the amount anusera
used were found optimal for precipitaung the
Tragments wsed for control
Representatsve results are shown in Fig 1a All
the eluates showed lines corresponding to whole
18G and I13G/Fab Using staned gels 1t was
@ifficult to separate the smaller 1gG/ Flab); band
from the larger rabbit Ig band only 1n B this band
was clearly seen Therefore autoradiography was
performed wuh 1751 labelled elustes The FlabY,
band was now clearly demonstrated i the other
cluates (Fig Ic) Several other bands appeared
However wsing stamned gefs 2-3 bands appeared
Ofily 1 the eluates of the malignant tissues {arrows
Fig 1) and one of these appeared m all (he eluztes
Extracts of the tissues gave
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Fg 1 Sodwm dodecy) sulphate electrophoresis of
predipiiates made by miuing antiserum to human
gamma kappa and lambda chains with eluates of

A Carcinoma of the bronchus

B Fibrosarcoma

C Carcinoma of the cervix

D Carcinoma of the breast

£ MNormal muscle

¥ Normal lung

G Normal kidney

12 5 per cent polyacrylamde gel used in the separating
gel The large band found bets.cen 1¢G and Flab J; using
stained gels are the rabbic 1gG used to produce (he
precipitates
Single arrow  Bands only present in eluates of malig
nant tissue

Band present in all eluates of mal gnant
tissue and some etuates of kidney from
older 1ndividuals

stamed gels

autoradiography

Double arrow

aand b
3

sumilar results to that obtained using the correspon
ding eluates
Ustne etttates af tha merm 1

Bv 1w s WSIIC LWeS ol normal
muscle gave precipitation lines against 3G /Fab and
18G/Fc Representative results using SDS PAGE
are shownm Fig 1 AN the eluates showed lLines
svitesponing 10 whole 1gG and efuates of normay
muscle (E) gave only this line Eluates of kidney
from clder individuals (G) and eluates of normal
tung (F) and stomach (not shown) gave several other
lines twa of them corresponded to 18G/Flab); and
1G/Fab (Fig b+ Ic) However 2s mentioned
2bove none of the eluates of normal organs gave the



concentrated to between 1 5 and 2 S ml using Amicon
Duflo UM 05 filters The concentrauon of 1gG 1n
extracts and eluates was determined ustng single radial

diMy The diffusion pla-
tes were purchased from Behringwerke, Marburg-Lahn,
West Germany For the experiments here described, only
the extracts and the $6 °C eluates were used

Sera

Pooled human serum (PHS) was obtained by miung
serum [rom at least 20 healthy blood donors Isolated
IgG was purchased from AB Kabi, Stockholm Rabit
antisera to human Ig/kappa, Ig/lambda, 1gG/Fab 1gG/
Fd and 18G/Fc were purchased from Behringwerke,
Marburg-Lahn West Germany A rabbit antiserum with
specificuty to human gamma, lambda and kappa chains

123} labelling of IgG and Efuares

Human IgG and some of the eluates were tabelied
with 1251 using the chloramin-T method deseribed by
Hunter (4) 100 pl of eluates were labelled with 0 25 mCy
1231 (Institutt for Atomenergs, Kpeller, Norway) 100 pg
of human IgG was labelled with | mCy 125

Sodium Dodecy ! Sulphate Elecirophoresis (SDS-PAGE)
100 ul of eluates or surtable dilutions of extracts were
mixed with 50 pl of the antiserum to human gamma
kappa and lambda chains The mittures were incubated
for 30 mm at 37°C followed by 18 h at 4°C The
precipitates obtatned were washed twice in PBS and onct
in distiled water They were then resuspended ;a2 0125
M Tnis HCI bulfer, pH 6 8 with 2 per cent SDS 10 per
cent glycerol and 0 001 per cent bromphenol blue and
for 18 h at 37 °C followed by ncubation at

was purchased from DAKNO fins, Copen-
hagen Swine antisera to subclasses of human IgG1-4
were purchased from Nordic Immunoiogical Laborato-
ries Tilburg The Netherlands The spectficity of the
antisera was confirmed by double diffusion test in agar
ustng mixtures of antigens and isolated antigen prepara-
tions

Double Diffusion Test

The double diffusion test for IgG subclasses was
performed according to the instructions recommended by
the manufacturer of the antrsera Otherwise, the test was
performed as described previously (12}

Quanufication of IgG Subclasses

A single radial immunodiffusion technique was used
Anusera (0 the various subclasses were mixed with 2 0
ml | per cent agar at the optimal condiwon for
quanufication and poured onto glass plates 76 X 26 mm
Holes of 3 mm in diameter were punched out Ten or 20
pl of eluates were applied PHS at varying dilutions were
used as standards The IgG content of the PHS was 10 5
g/1 Assumung that the distribution was normal (7) the
content of 1§G1 was calculated to be 6 5 g/1 1gG2 30
g/l I1gG3 06 g/ and IgG4 04 g/1 The glass plates
were left 10 a moist chamber at circa 20 °C At 48 h the
plates were washed and statned using Coomassie blue
The standard curve was driwn and the content of the

100 °C for 2 nmun The proteins Were separated using
SDS-PAGE 1 slab gels following mn detail the method
described by Laemmilt & Favre (5) using 6 0 per cenl
polyacrylamide in the »stacking« gel and 12§ per cent
polyacrylamide 1n the »separating« gel The separated
protews were fixed i trichloroacetc acid and stained
with Coomassie blue Isolated [gG pepsin drgested 1¢G
papain digested 18G and human serum albumin were

& Assonoff (91

Auwtoradiography

125] [abelted eluates were precipitated with non fabel
led antiserum and the protemns separated using SDS
PAGE as described above Afier staiming, the gel a8
dried (Gel slab dryer, model 224 BIO RAD fabor2
tories) layered on Kodak XS | film and after exposure
devetoped 1n a kodak R P X Omat Processor

RESULTS
IgG Subclasses
Using the double diffusion test, only IgGl was
detected 1 some of the eluates The single radial
Tusion test was thereafter performed

subclasses found The amount ol the 1 were
related to the total amount of 1.6 and the per cent of the

subclasses calculatd

Ig/kappu und Ig/lambda

Quanufication of the totel amount of Ig with kappa
and Ig with lambda chains in extracts and eluates was
performed av described for 18G subclasses using antisera
1o 1g/kappa ar lg/lambda 1n the agar Isolated [5G was
used as the Standard and 65 per cent was assumed to be
1gG with kappa chamn and 35 per cent 1gG with lambda
chain (7) The amount found was related to the total
amount of [gG and the ratio of concentration of Ig/
kappa or Ig/lambda to the concentration of 1gG m
eluates was compared (o the rato found usmg the
corresponding extracts

e

Different amounts of antisera were used in the gef
for optimal quanufication conditions Daffering
diutions of PHS were used as siandards 1gGl was
detected m all eluates of malignant ussue and
amounted to 50-80 per cent of the totat IgG (Table
1) This means that most of the 18G eluted from the
tissue was 1gG1 IgG2-4 were not detected in a0y
of the eluates This may well be due to the Jow
concentration of IgG. since when usiag PHS 28
standard more than § umes the highest concentra~
tion of total IgG 1n the eluates had to be used 0
detect thesg subclasses in PHS

1gG1 was also the only subclass detected 10
eluates of normal kidney from older indrviduals
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lines indicated with the arrows i Fiz la using
stamed gels Awutoradiography showed however
that some of the eluates of the hidney from older
individuals also contamned the band indicated with
the double arrow (Fig 1¢) Extracts of the tissues
gave results simtlar to those obtaned using the
corresponding eluates

To imvestigate Whether the IgG was degraded
during the elution procedure '] labelled human
IsG was mixed with extracts of malgnant tissue
The nuxture was Kept at 4 37 45 and 56 °C
parallel to the procedure used for preparation of the
eluates (13) The protems of the mivture were
separated using SDS PAGE No fragments of the
125] Jabelled 1gG were found

Eluates of hidney from younger individuals (aged
20-30 years) and eluates of liver and spleen from
individuals of various ages did not precipitate any of
the antisera mentioned above

DISCUSSION

The results presented indicate that there seems to be
a normal distribution of the IgG subclasses in
eluates of human malignant and normal tissues
since 50-80 per cent of the eluted 1gG was of the
1gG1 subclass there was the same relationship
between Ig/kappa and Ig/lambda 1n the eluates and
corresponding extracts and the results correspon
ded to those obtaned using PHS However
compared to PHS the IgG concentration had to be
ratsed more than 5 times to detect 1§G2~4 1n the
eluates This means that there can be an increase 1n
one of those subclasses but oo small to be detected
Romsdahl & Cox (8) detected 1gG4 1n the eluates of
human using electrofc h

but could not quantfy the amount Consequently
they could not show 1f the concentration of this
subclass was increased compared to the other IgG
subclasses Darveau e al (3} showed that the
concentration of 18G4 wax increased 1 sera from
patients with advanced melanoma but 1t 1s difficutt
to conclude that this finding 1s representative of the
tumour assoctated Ig There seems therefore to be
no evidence yet given that there 1s not a formal
distribution f IgG subclasses 1n eluates of human
mahgnant t ssues

Another question raised has been 1if the tumour

associated {g s degraded (15) The results obtamed
here show that besides whole I§G the extracts of
human solid tumours contained Flab); and Fab
fragments of 1gG This could mean that the
degradation of human Ig obtaned at low pH in vitro
using extracts of human malignant tssue (16) also
could occur  no But since degraded IgG was

found in extracts of normal organs the restlts could
reflect the normal degradation that oocurs in tissues

Of more interest are the findings that 1n addiwon
to whole IgG fragments of IgG were found 1 o)
eluates of malignant tissue This could mean that
the IgG attached to the malignant coll was dearadod
mvno as indicated by Cotropia (2) who detected
Fab fragments on human leukemua blast cell andby
Romsdah! & Cox (8) who found free Fab fragments
mn eluates of humin sarcomas The finding of
antiprotease 1n eluates of mahignant tissues (§ 11)
ocould also support this mterpretation as discussed
by Romsdahl & Cox(8) On the other hand we hae
previously shown that part of the tumour associated
18G 1s non speaifically bound (I1 [3) Further
more the results obtmined here show that elvates
from some normal organs especially normal kidhey
from older mdniduals hasve detectable amounts of
fragments of IgG The IgG associated with these
organs 1s non specifically bound (11 13) Further
investigations are therefore necessary o clanfy if
the tumour associated Ig are degraded on the cell

The methed used did not allow quantification of
the amount of IgG fragments but apparently much
of the IgG was not degraded (Fig 1) This »
mmportant for quantification of IgG and LG
subclasses since the antisera used require an it
1gG molecule The experiments using T labelled
human IgG showed that the degradation of 158G i
the eluates must have occurred i no Smee 0o
degradation occurred i avitro during the elution
procedure

SDS PAGE of extracts and eluates of matianant
tissue showed 2—3 constant bands that were 210
detected 1n some eluates of the kidney from older
individuals but not detected 1 exiracts and eluats
of the other normal tissue In 1olated I§G or in
pepstn or papan digested 158G One of the bands
found 1n the eluates of maltanant tissue could be the
Foy receptors (FeR) eluted either from the bssue or
eluted with the IsG These FcR hase been clumed
10 have a molecular weight ranging from 18000 to
130000 daltons (1 6} The 2~3 bands may also be
tumour specific or other antigens cluted from the
tissue and w hich have recombined with the specilic
anttbody These results indicate that eluted antibo~
dies also can be found as anuzen-anuibody comt
plexes 1n the cluates

dinavian
Presented (n part at the 9th Mecting of the Scan
Socsety for Immunology Stockholm May 1978 (1)
The author 1s a [ellow of the Aorwegian Rescarch
Counctl for Scurce and the Humanities (grant no
Co104

He thanks Muss Buibecke dasnas for her shilful

technical assistance
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ACTIVATION OF COMPLEMENT BY ANTIBODIES
TO THE KERATOSULPHATE-LIKE HOST ANTIGEN
OF SENDAI VIRUS

PER FADNES and GUNNAR HAUKENES

The Gade Insutute Department of Microbiotogy Unversity of Bergen Bergen “orway

Fadnes P & Haukenes G Actvation of complement by 2ntbodies to the keratosulghate fike host
anugen of Sendat virus Acta path microbol scand Sect C 85 73-76 1580

Sendar virus 1s haemolyuc agamst erythrocytes fromt different specres Pre treztment of Sendai virws
with antibody and complement (C) enhances the hacmolyte actvity of the virus This property was
used 10 examene the pathbway by which C is actvated by Sendar virus antigen antibody complexes
Anubody against the keratosulphate hike host anugen was used M a monospecific antigen 2nubody
systemn Evidence 15 presented that both the classical and the aliernative pathway is actwated the

alternative to a much lower extent

key words Sendai verus complement alternative pathway classical pathway

G Haukenes Mikrobiologisk avdeling MFH bygget N 5016 Haukeland sykehus Norway

Recived 49379 Accepted 21x 79

A studses so far concerning the complement (C)
actvatng mechamusm of virus antigen antibody
m‘l;lipleus have been performed with virus mfected
cells

Human 1gG and Flab), have been shown to
Quse lysis of measles virus infected cells by
Alsation of the aliermanve C pathway (9 1)
Ehrnss (2) has shown that the alternative C pathway
15 actnated by anubodies to the haemagglutnm
antigen and that the classical pathw ay 15 actyv ated by
anubodies to the haemolysin antigen of measles

Aeoe s

oo fievaed
increase 1 haemolysss was shown to be a result of
an indirect haemolysis (3}
Tn the present study we have e
amined the
Tethway by which antibody to the keratosulphate
fike host antigen of Sendas virus activates C

MATERIALS AND METHODS
Virus
Pasamfluenza I virus (Sendai) was propagated m the

chick allanoc cavity at 35 °C for 2 to 3 days The virus
was quantitated by hagmagelur nar an 11543

Ans serg

Antiserum against the keratosulphate Like host any

gen was produced by immunizaton of rabbits with
allapyoscalty grnmm A o .

‘

v on EECEESE BT
Delore being suspended 10 give 4 HA upits Addion o};

punified host anugen 10 the 2
Dty nuserum blocked the Hy



Complement (C)

Serum from normal guinea pigs (ngpC) or guinea pigs
deficient 1n the fourth component of complement (C4 del
gpC) were used as complement source The sera were
stored at =70 °C

Buffer

Studies of C activity were performed using a barbital
buffer of pH 7 3 made 1sotonic by 0 8 per cent NaCl and
supplemented with 0 15 mM CaClz and 0 5 mM MgCl;
(C buffer) To stop the actnauon of C 10 mM og
ethylene diamine tetraacetate (EDTA) was added

Preparation of 1gG and Flab b

1gG from the rabbit antiserum against the host antigen
was 1solated from a DEAF cellulose column by elution
with 0 0125 M phosphate buffer pH 6 9 and thereafter
concentrated by ultrafiltration The purnfied 18G gave

only one f line on

apainst antiserum to whole rabbit serum For prepara
tion of Flab )z the punfied 1¢G preparation was digested
by pepstn as described by Rerd (11) The Flab)y was
fractionated and wsolated by gel filtratton through
Sephadex G 150 A single peak with a Kay of 019
typrcal of Flab)z was obtamed The separated Flab)y
showed no precipitation line against an anti Fc antise
rum The test system enabled the detection of 2003 g
1gG per |

Sendar }irus Haemohsis (SVH)

Sendar virus was pre treated by heat inactnated
(56 °C 30 min) antiserum or anubody preparation and
C 1n glass tubes at a total reaction volume of 0 3 ml
consisting of 0 1 m! of Sendar virus 1n altantoic flud
(HA utre | 024) 0 1 m!of anubody dilution and 0 | m!
of C dilutions Controls in which either antibody or C
was replaced by C buffer were always mcluded

The reaction mixture was incubated at 37 °C for I'h
Thereafter 2 ml of a 2 per cent suspension of chick
erythrocytes 1n barbital buffer with 10 mM EDTA and
without Ca+ + and Mg+ + were added The tubes were
further incubated for 1 h at 37 °C and repeatedly shaken
to prevent sedimentation of the ervthrocytes The
erythrocytes were then pelleted 1 3 600 x g for § nun
and the optical density (OD}of th supernatant was read
in a Hitachs spectrophatniter at 540 nm

RESULTS

Haemolytic {cann of Sendar Verus 4dnttbody
Complexes 1icated with Normal and C 4 def C

Normal gpC always caused an ncrease in SVHt
low dilutions without the addition of antiserum
(Fig 1) This haemolysis was always much lower
than that obtained when antiserum was added and
1t was rapidly lost when the C was further diluted
Attempts to find HI antibodies against Sendar virus
1n the gp serum were not successful A similar effect
was never observed with C 4 del gpC

-4

ODg40
20 -
10 +
1 1 1 g_,
4 16 64 256
Complement dilution (1 )

Fig 1 Haemolyuc actvity

(ODs40) of Sendar virus

before and after addition of normal C

®—@ Cadded
Untreated virus

Using antiserum to the

Leratosulphate like host

antigen diluted 1 16 both normal and C 4 def gpC
showed a significant increase m SVH (Fig 2)
Normal gpC showed a higher activity than C 4 del

erC
The C had to be Aept within a certan ranee of

dilutions to obtan maximal haemolyst

s which

indicated that the C serum together with antibody

inhibit the contact between

virus and erythrocyles

Using IgG separated on DEAE-cellulose chrom2

tography as

the antibody source the C meduated

increase i SVH with ngpC was the same as that
obtamed when anuserum was used However the

increase 1n haemolys

was constderably lower (cf Table 1 an

haemolysis also seemed to
IgG concentrations The sa:

was observed when the virus was first se
userum for 16 h at 4 °C and soluble serum

with an
factors thereafter removed
antibody complexes
100000 x gfor I h

C 4 def gpC at any dilutio

against sheep erythrocytes optimally sensittz

15 caused by IgG and C 4 def C

d Fig 2) This
be dependent on fgh

me degree of haemolysis

nsitized

by pelleting the virus

m the ultracentrifuge at

n was never hagmolyti¢
ed by

antibody (EA) Adding heat mactivated rabbit s€

rum at low dilutions rend:
haemolytic agatnst LA

ered the C 4 def grC



00540

a0t

20

L

4 16 64

Complement dilution (1 )

Fe * SVH (QDsio) before and afier_addition of
antnerum diuted | 1n 16 and normal of C 4 def ©
®—® Normal C

0—0 CacerC

Haemolytic acuvity of untreated virus

Hacmah tic Actnity of Sendar Virus =~ Flab h
Anttb xty Complexes Treated with Normal and C 4
def grC

The haemolyuc acuvity of Sendar wvirus was

eramined using pepuin-digested 1gG (Flab )} as
amidoay

TABLE { fncrease in Sendar §srus Haemalysis (ODsa)
af er Adid t on of Fur ['ed eG Antsbd o5 and € 4 def Co)

—_——— e

(9 Guinea p g € 4 def € dilution
g/l 12 14 18
—
i 015 0130 058 043
' 000 008 o1 030

—_———

WMaematvere o b wafeattiansiod smneorim 16 show m

TABLE 2 Increase 1 Sendar birus Haemobsis (ODss0)
‘After Add t on of Flab J» and hormator € 4 g C

—
Fab)y GuneapigC4defC Normal gunea pig C

dilution dilution
gt 12 18 12 14 18
. —_
20 0085 043 067 010 045 065
05 000 015 020 0075 018 030

—

Both normal and C 4 def gpC gave a similar and
considerable ncrease m SVH (Table 2) The
haemolysis level was the same as that obtained
when C 4 def gpC and [gG were used

Relatvely high concentration of Flab )y seemed to
be necessary for maximal hagmolysis whereas high
concentrations of C had an inbibory effect

DISCUSSION

The keratosulphate ike host antigen has mostly
been studied in mfluenza virus (4 5 6 7 §) The
antigeme determinant group 1s L fucose bound to
D galactose through an e glykosidic linkage (7 8)
The same antigeniC determnant has been found n
both the h. and the

spikes (4) Antibodies to this anugen show high HI
acuvity with orthomyxoviruses but considerably
lower with paranfluenza virus (3) In an earher
study we have demonstrated typical complement
mediated hofes tn the membrane of Sendat virus
affer treatment with anubody to the host antigen
and C(6) The serum in our experiments showed an
HI titre against Sendar virus of 16 The speaificaty of
this HI activity was verified by the blockng of the
HI activity by punfied host anugen Allantpically
grown mfluenza virus and Sendar virus share no
other antigen demonstrable by the HI test Te
therefore use a monospecific antigen antibody sys
©UT Wit & Known antigenic déterminant

Normal gpC caused an ncrease n SVH at low

diutions without the addition of antiserum Thes
haemolysis may be due to small amounts of
antibody to a paramyxovirus 1n the C sertem not

detectable by HI tiration Because of pre treatment
nlsprau b rhatar 1 err

presumed antibody activated the classical C
way only o

Normal € cansed a marked crease 1n SVH1n
the presence of anybody Antiserum and separated
186 gave the same increase 1 haemolysis

75



When C 4 def C was used 1n the same way the
increase tn SVH was much fugher when antiserum
was used compared to that obtasned using separated
18G (cf Table | and Fig 2} This difference 1s
probibly due to a residual of C 4 1n the antiserum
having resisted the heat mactnvation 1t is Xnown
that some C4 actinity may persist after heat
Inactation

The increase 1n SVH after the addition of C 4 def
C and separated 156 antbothes was sigmficamt buy
only about |5 per cent of the increase observed
when normal C was used This increase in SVH
was dependent on relatnvely high IgG concentra
tions High concentrations of C 4 def C seemed to
mhibit the haemolysis probably by inhibiting the
contact betw een virus and erythrocytes (non specific
infubitors) Most hikely C 3 was activated through
the alternause pathway n this case

Using Flab); antibody fragments whech are
known mainly to actvate the alternative pathway
(12) the increase in SVH was the same with normal
and C4 def C The increase 1n SVH caused by
Flab ); and C was the same as that obtaned by 1¢G
and C 4 def C Relatively high concentrations of
Flab ); seemed 1o be necessary while high concen
trattons of C inhibited SVH

The results clearly show that the alternative C
pathway 1s activated by antibodics to the keratosulp
hate Itke antigen of Sendas virus although the
activationt through the classical pathway proved
more efficient Attempts to activate the alternative C
pathway by human and rabbit antibodies to other
Sendar virus antigens have hitherto faied The
antigens concerned are the haemagglutiun  the
neuraminidase and the haemolysin 1n our expert
mental sét up such studies are complicated by the
lack of monospecific sera as antibodies agamnst all
three antigens participate n the mhibition of the
binding of Sendai virus to erythrocytes
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DEMONSTRATION OF SEPARATE RECEPTORS FOR
HUMAN IgA AND IgG
IN GROUP A STREPTOCOCCI TYPE 4

Separanron of the Solubthzed Receptors from Group and Type-Specific Antigens
Lipoterchoic Acid and Peptidoghcan

CLAES SCHALEN! POUL CHRISTENSEN! ANDERS GRUBB? GUNILLA SAMUELSSON! and
MAJ LIS SVENSSON!

IDepartment of \Medicat Microbiology University of Lund and 2Department of Climeal Chenustry
Malmo General Hospital Sweden

Schaten C Christensen P Grubb A Samuelsson G & Svensson M L. Demonstraton of separate
receptors for human [gA and IgG m group A streptococct type 4 Separation of the solubilzed
receptors from group and type-specific antigens hpoterchoic acid and pepudoglycan Aca path
microbiof scand Sect C 88 77 82 1980

The alkahne extract of group A streptococt type 4 was separated by electrophoresis and duffused
against 27 normal human sera One of the precipuates 2ppeared with 85% of the sera Addition of
punfied IgA myeloma protein or sera contaiming IgA M-components to the extract changed the
electrophoretic mobility of the precipuate anodically Punfied 1gG Fe fragments or sera contamnung [5G
M-component did not affect the mobility of the precipitate It was concluded that this precipuate
contaimed the streptococcal receptor for human fgA A non precipitating 196G Fe rectptor with
Jgglutinatng capacity for cells coated with human 18G1 but not 1gG3 was localned by preparauve
I 1o the same vegion as the IgA receptor The mobtlity of the 1¢G recepror
Femained unaltered on addiwon of IgA myeloma protemn permittng a separatio
by preparauve electrophoresis The seceptors were disunct from the group
pepudogtycan and fipoteichorc acid No M anugen or opactty factor were demor

n of the two teceprors
speaific carbohydrate
nstrated in the euract.
hey words Al protern dogl;
TeA tuman G

group A carbohyd: f

acd human

Qlaes Schaten Department of Medical Microbrology Solvegatan 23 § 223 62 Lund Sweden
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When C 4 def C was used i the same way the
increase 1n SVH was much higher when antiserum
Was used compared to that obtained using separated
18G (cf Table [ and Tig 2) This difference s
probably due to a residual of C 4 1n the antiserum
having resisted the heat nactivation Tt 1s known
that some C4 activity may persist after heat
mactivation

The incsrease in SVH after the addimon of C 4 def
C and separated IgG antibodies was significant but
only about |5 per cent of the increase observed
when normal C was used This crease m SVH
was dependent on relatively high 1gG concentra
tons High concentrations of C 4 def C seemed to
whibit the haemolysts probably by inhbiting the
contact betw een v srus and erythrocytes (non specific
inhibitors} Most ttkely € 3 was acuvated through
the alternative pathway 1n this case

Using Flab); antibody fragments which are
known mainly to activate the alternative pathway
(12) the increase n SVH was the same with normal
and C4 def C The increase in SVH caused by
F(ab )z and C was the same as that obtained by IgG
and C4 def C Relatvely high concentratrons of
Flab }; seemed to be necessary while high concen
trations of C mhibited SVH

The results clearly show that the alternative C
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hate ke antigen of Sendar virus although the
activation through the classical pathway proved
more efficient Attempts to activate the alternative C
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Sendai virus anugens have hitherto faled The
anugens concerned are the haemaggluumn ne
mevvamanilese and the nemalisam do our sxnan
mental set up such studies are complicated by the
lack of fic sera as bodies agamnst ail
three antigens participate 1 the mhibition of the
tinding of Senday virus to erythrocytes
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Fig | Precpitauon patiern on diffusion of electrophore
ucally separated alkaline extract of type 4 group A
streplocooct against two different human sera applied tn
the troughs The precipitates appearing are nomipated
2 Jaod 4 respectively Asnode to the night

one serum Precipitates | and 2 appeared only n
sera g also p The
473 was obtained with two sera which did not give
I

Ten pl of one of the sera with precipitates 114 314
and 4y (serum KP) was added to 10 pl of the type 4
extract and the mixture subjected to

On diffusion agamnst & sera the precipiiates corre
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sponding to 114 3rsor 474 were no longer obtained

P Mobduty of the Si Recep
tor for g4 of the Alkatne Extract of Type 4 Group A
Strepiococer

The alkaline extract was mtsed with equal
volumes of human sera containing high amounts of
128G (8 sera) or IgA (9 sera) M-components After
¢lectrophoress of the mixtures IgA M

mm

Fig 3 Tnslocaton of the 314 prectpate obrained
berween the type 4 extract and serum kP on addition of
human sera containing IgA M-component to the extract
set 1n relaton 1o the electrophoretic mobility of the T2A
M-components The posiion of each precipiate was
defined as the point on the arch situated closest to the
serum channel Ordinate Distance besween the localiza

von of the IgA M-component of each serum and the

component and diffusion against the normal serum
AP 314 had moved anodally (Fig 2) In contrast 7
of the sera with IgG M-component did not aflect (he
Pprecipitate 3y while with one IgG M-component
serum the precipitate 3vq was no fonger visible

serum wellin Abs
cissa anodal displacement of 3ty by addition of the

corresponding serum 1o the alkaline extract befare
electrophoresis

The sera with 1gA M-component were tested jn
immunoclectrophoresis with antt IgA serum Al
M-components were localized anodally m relation
o the application well The dislocation of the
precipitate 314 and the electrophoretic charge of the
IgA M-components used 1 the ndividual expert
ment correlated Ir = 0 §2)

of the sera 2
186G M-component revealed that 5 of the M

ig 2 The effect of addition of punfied IgA myetoma
Frotein {2 mg/ml} 1o the alkaline extract of type 4 group
A streptococct on the preciptiates obined between the
elecitophoretically separated extract and serum KP 1o
difusion expersment. ote tat peacapuate Iy 1 shifsed
nodiaaly while 414 remains 1n the same positon
Troughs normat serum WP lower well application for
fqual valumes of 1g4 myeloms protein and atkaline
SN upper well application for alkaline exiract
e 12+ mdicates the anody

were situated anodally and 3 cathodally
1 relation 1o the apphcation well

Addition of equat volumes of the solution of
msolated fRA myeloma protem {2mg/mi) 10 the
extract moved 3y tow ards the anode while IpG Fe
Tragments (06 -2 § mg/ml) did not affect linedyy
or any of the other precipitates

Separaton of she Streprococcal Rece,
tor
from the Ie4 Receptor ar for 16

After electrophoresis of the exXtract pieces of gey



group A and G streptococ containing T-type 4
antigen were found to agglutmate 1n hughly diluted
sera contamning haptoglobin of types 2-1 and 2 2 but
notof 1 1(5,12)

‘We now report that group A streptococct possess
two separable immunoglobulin receptors one for
IgA and one for IgG Furthermore, the relationship
of the receptors to some other streptococcal factors
was investigated, such as group- and type speaific
antigens peptidoglycan  haptoglobin binding acti-
vity and hipotexchoic acid

MATERIALS AND METHODS

Streptococcal Preparations

Alkaline extracts of types 4 (strain $S 241) (alk ex
T4) and 15 (stram 100070} (alk ex T15) group A
streptococc were prepared from overnight cultures in 20
Iitres of Todd Hewitt broth as described (2) Several
batches prepared on different occasions were studied
The protein content of the type 4 extracts as determined
by a modified Folin method (8) was 0 § to 0 9 mg/ml
The line | components 1n the alk ex TIS earler
described were isolated by preparative electrophoresis
(2) The protein content of this fraction was 1 3 mg/m!

In some expeniments alk ex T4 was treated by
trypsin as described (2) Peptidoglycan was prepared
from type 1 group A streptococct (strain 8198) with hot
formamide (13) Punfied hipoterchoic acid (LTA) from §
mutans was kindly supplied by Dr [ Ginsburg
Jerusalem Israel

Human Sera M Componemts 1gG Fc Fragments and
Haptoglobin

Sera were collected from 27 apparently healthy
mdividuals among the laboratory stafl Seventeen
myeloma sera 9 containg 1gG M component ([gG
content }2 to 65 mg/ml) and 8 IgA M component (IgA
content 19 to 34 mg/ml) were used The concentratton of
polyclonal Ig i all sera was befow | mg/ml The
purified human npeloma proteins were dentical with
those previously used (I 2) Fc fragmenss of polyctonal
human {gG were prepared as earlier described (1) Three
sera of haptoglobin fipe | 1 3 of type 2 1 and 4 of type
2 2 were randomly selected Haptoglobin typing was
performed as described by £ aurdi (7} Hapiogloben 6 pe
2 2 purified as described by / aurcli (6) was avatlable at
the laboratories

All sera were heated at 56 °C for 30 min and stored at
=20 °C untl used

Electrgphoretic Techniques

4 group A streptococct and human sera were designated
174 24etc

Preparative electrophoresis was performed as descn
bed (2)

Immunoclectrophoresis of human sera containing \f
component was performed using rabbit antisera o fg4
and IgG (Behringwerke West Germany) 12 @ of
serum diluted 1 20 was applied and the anusera were
used tn 1§ dilutions

Rabbut Anti Streptococcal Sera
e

Dufco (Michigan US A} Antrgroup A streptocoecus
serum cross reacting with S mutans lipotechoic acd
was kindly supplied by Dr [ Ginsburg

Test for Streptococcal Opacity Factor (OF)

The presence or absence of OF in streptococcal extract
was investigated by the plate method described by
Maxted et al (9)

Test for Strcplococcal Lipoterchaie Aad

The test for the presence of LTA 1n the streptococcal
extract was performed essentially as described by Ofek f
al (10) Human group 0 Rh neganve red blood eells
suspended to 2% (vol/vol} m saline were treated wilh
100 pg/m! of papatn in the presence of 10 pg/mi of
cystemne for 30 min at 37 °C The sediment from 0 5 ml
of the treated red cells was suspended i 0 5 mi of the
fractions to be tested and the mixtures incubated at 37 °C
for 30 pun After three washings i saline a 2%
suspension of the cells was again prepared The cells
were then tested for agglutination 1 0 2 ml volumes of
twofold dilunions of anti LTA serum The amount of
LTA 1n the streptococcal extract was given 3s the
agglutination tire obtaned with the anuserum The
presence of LTA 1n the extract preparations was further
confirmed 1n 1nhibition studies using papin treated hu
man red cells coated with punfied S mutans LTA a0

and H Inkibuson (HAD

Studies |
These tests were performed as described previously

using the human anu Rh antbodies Ri KA and HUN
a 14

RESULTS
- 1 Congra
occt

After electrophoresis of the extract lout nam
arches were obtamed in diffusion

P between
streptococcal extracts and human sera were done as
described previously 2) In bref the suepl‘owcml
extract were sep d by
and the separated extract then diffused aganst serum
applied 1n a channel cut in the gel 1n the direction of the
current The precipitates obtained between extract of type

:;;ams( the sera from 27 apparently healthy

474 (Fig
\ndviduals (precipuates 174 214 3rsand

1) Twenty three of 27 === (]S%) eave the 34
precipitate wlule 7oftl

(19%) d4rs The precpnt



for I14 resembled the IgG Fe receptor shown i the
type |5 extract (2) with respect to electrophoretic
nobility and the frequency by which human sera
were p. d However the ko‘r?
ype 4 was apparently different from the type

1gG Fe receptor since the latter 15 shified anedally

LRl

sera. The sat
present uoder mvestigabion

The 274 precipuate was — as 1n the expeniments
with type 15 extract (2) — caused by peptidoglycan.
Thus precipitate did not appear after addition of
peptidoglycan to the human serum The compo-

anodally m the presence of IgA M-components
while IgA M-components did pot influence the line
3 of type 15 (unpublished observation) Evideotly
the type 4 component responsible for hne 3
Interacted with §gA mdependently of the specificity
of the antibody combuung sites since 9 different
TgA M<components caused a shuft of the precipitate
10 the anode Thss finding indicates that ibe type 4
for 3qa the carlier
described Streptocaceal receptor for human IgA (4)
It 5 not known whether the IgA receptor is acuve
for both IgA subclasses and secretory IgA
In the fractions corresponding to the 314
precpitate aa aggluunaung capacnty for anu Rh
coated human red blood cells was also d

pents te fot p 1 1n both type 4 and
N a = =rt mave nat oen ;v 1dentical

m the
alkaline extract of type 4 group A streptococa and
the presence of receptors for IgA and IgG were m
accordance wuth the observavon of non identity
between these companents earhier made {2) Also
the 1mmunoglobulin seceptors differed m electro-
phoretuc mobihity and trypsin-senstuvity from peptt
doglycan and group-specific carbohydrate In con
trast to the Ig receptors LTA was found 11 nearly all
fractions obtamed from preparatrve electrophoresis
of type 4 atkaline extract

This 1nvestigation has shown that grouvp A
streptococa type 4 possess disunct well separable
receptors for human 1gA and 1gG

ted These fractions agglutinated cells coated with
fgu! subclass anubodies but not with [gG3
anpbodies The lack of reactvity at the sensitivity

- Lo Laemen

N

the type 4 1gG receptor A certamn reacuvity of the
type 4 extract for IgG3 was demonstrable bowever
since fgG3 (as afso IgGi} myeloma protemn %as
tnfubstory w the HAT experuments Fo fragments of
polyclonal human IgG were also inhibitory while
the solated IgA myeloma protetn was not. The IgA
receptor precipitate shufted t0 2 more anodal
poswan on addition of [gA myeloma protein to the
exract while the agglutinaung actwity for 1RG
coated cells remamned i the fractons at the
applemion wel (Hes finding sfows (fac two
d fletent receptors for human 1mmunoglobulins ~
one for 1gG and one for 1gA — were present 1n the
afkafine extract of type 4 group A streptococar Only
the IgA receptor was preciputated by human sera
The precise mecharusm by which 5% of normal
human sera precyptate the [gA receptor 1s at present
unknown The 3rq prectpitate was changed as to
mobility rather than suppressed on addion of IgA
components On the other hand serum KP
suppressed the 3ra preciptate This difference
between IgA M-comtponent sers and bormal serum
mught reflect & Merences 1 the molecular structure
of TgA or might be caused by addional factors
presens 7 but absent from IgA

This work was supported by the Swedish Hed caf Re
search Counail projects no B30-13X 05196 03A 2nd
B30 16X 5211 3 and Reksforbundet mot reumansm
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were cut out and invesugated for content of
agglutinating activity against antt-Rh(R1) coated
human red cefls (1) Only the fractions surrounding
the application well, corresponding fo the precipitate
314, were found to agglutinate the cells (titres
§ 100-1 1600)

The fractions of alk ex T4 corresponding to

Localization of Group A Carbohydrate, Lipoteichoe
Acid and Peptidoglycan after Electrophoresis of the
Alkaline Extract of Tspe 4 Group A Streptococe
Anli-group A carbohydrate serum gave a preaps
tate against a 1n the el ph ly
separated extract situated immediately anodally to
the appl! well This precipitate was obtained

preciputate 314 were pooled and tested for agglutina-
ting capacity aganst cells coated with various anti-
Rb antibodies Cells with the coat KM (diluted 1 5
at coating) useful for detection of Glm(l), were
agglutmated by the fractions diluted § 40, while
cells with two different G3m($) coals were not
agglutinated

Varsous purified IgG M components were tested
for their capacity to inhibit the agglutination of
human red cells coated with KM by the fractions
corresponding to the 314 precipitate The fractions
were used in dilution 1 [0 An IgGl M-component
and an 1gG3 M-component were both capable of
nhibiting at a concentration of 0 | mg/ml Punified
1gG Fe-fragments, 0 05 mg/ml also intubited the
agglutination A punfied IgA M-component was
not nhibstory at a concentration of 2 mg/ml

A preparative electrophoresis was run with atk
ex T4 after additton of an equal volume of a
solution of a purified IgA M-component (2 mg/ml),
as described above the components responsible for
line 3t4 were thus shified towards the anode The
distribution of the agglutinating capacity for Ri-
coated human red celis in the different fractions was
not changed

Lack of M-Anugen and Opacuy Factor i the
Alkalive Extract of Type 4 Group A Strepiococer

No precipitaion was obtamned in double diffu-
ston-in gel experiments between the alk ¢x of T4
and ant type 4 M typing serum No opacity factor
activity was demonstrable in the extract

Comparison of the Components Responsible for
Preciputare 1 n the Athalme Extracss of Types 4 and
15 Group A Streptococet

The 7 sera giving precipitate 114 with the type 4
alkahine extract also preoipitated the fractions
corresponding to line | n the alk ex TIS The
electrophoretic [ractions corresponding to the precs-
pitate 1 74 were isolated by preparative electrophore
sis Ouchterlony type | reactions {interference with
complete fusion (11)) were obtamned on_ double
diffusion-in gel experiments between the compo-
nents responsible for line 1 1n the alk ex T15 and
the precipitate 114

also after trypstmization of the extract Anti C and
ant1-G sera gave no such line

Precipitates 174, 314 and 414 disappeared whie
line 274 rematned unaltered after trypsinzation of
alk ex T4 214 could be nhibited by addition of
peptidoglycan to the serum causing the 24 preapt
tate

Papain treated human red blood cells were coated
with the fractions obtamned by preparative electrop
horesis of alk ex T4 Except the matersal from the
2 slices taken maost cathodatly, all fracuions were
capable to coat the red cells for agglutmation by
antt-LTA serum in dilutions from | 20to 1320 fn
addition, these fractions could inhibit the agghitina
tion of cells coated with punified LTA caused b}
anti-LTA serum

Lack of Relation between the Receptors far IgA and
I8G and Haptoglobn-Binding Capacity

Nine different sera belonging to haptoglobit
types 1-1, 2-1 or 2-2 were tested by diffusion in gt
agamst the electrophoretically separated alk et T4
There was no relation between precipitates 174 218
3r¢and 414and the haptoglobin type

Addition of solutions of purified haptoglobin of
type 2-2, 1 5-48 4 mg/ml, 1n equal volumes o th
all ex T4 did not affect the appearance of any of
the 14, 274, 374 30d 414 Precipiiates

The agglutmation of KM-coated human fed
blood cells by the fractions from a prepasatise
electrophoresis of alk ex T4 was not nhibited by
purified haptoglobin type 2-2 1n concentrations of
1 5-48 4 mg/ml

DISCUSSION

Electrophoretic separatton of the alkaline extract of
type 4 group A Streptococes gave tise (0 4 weil
separated precipitates 1n gel diffusion experiments
with sera from healthy individuals The location of
the precipitates, and the frequencies with which they
occurred were similar to the results obtamed with
an alk ex TIS described eacker (2), with the
of the 4y precip witich was only
demonstrable 1n experiments with type 4 extract
The 414 precipitate was not further characterizedn
the present work
The component 1n the type 4 extract responsible




for 314 resembled the 12G Fe receptor shown 1 the
type 15 extract (2) with respect to electrophoretic
mobility and the frequency by which human sera
were ed However the from
type 4 was apparently different from the type 15
126 Fe receptor swnce the latter 1s shufted anodally
1n electrophoresis on addition of 1gG Fc

component sera. The precipitation mechanism 15 at
present under 1nvestigation

‘The 274 precipitate was = as 1 the experzments
with 1ype [ extract (2) - caused by pepudoglycan
This precipitate did not appear after addition of
peptidoglycan to the human serum The compo-

{2} 1n conteast 1o the component of 3¢ precipitate
On the other band the mobility of 3re shfted
anodally In the presence of {gA M-components,
while IgA M-components did not influence the Ine
3 of type 15 (anpublished observation) Evidently
the type 4 component responsible for lne 314
nteracted with I2A mdependently of the specificity
of the antibody combiming sites since 9 different
IgA M-components caused a shift of the precipitate
to the anode This finding indicates that the type 4
for 314 the earler
described streptococcal receptor for human IgA (4)
Tt 15 not known whether the IgA receptor 1s active
for both 1gA subclasses and secretory [gA
in the fractions corresponding to the 34
precipitate an agglutinatng capacity for anti Rh
coated human red blood cells was also

nents for 111 both type 4 and
type 15 alkaline extract were antigenically identical
as demonstrated by double diffusion 1n gel

The absence of typespecific anugens in the
alkaline extract of type 4 group A streptococct and
the presence of receptors for IgA and IgG were in
accordance with the observation of non identity
between these components earier made {2) Also

. . .

. - . v
fractions obtamned from preparative electrophorests
of type 4 alkaline estract

This 1nvestigation has shown that group A
streptococcr type 4 possess distnct well separable
receptors for human IgA and 1gG

ted These fractions agglutinated cells coated with
g6l subclass anubodies but not with IgG3
antibodies The lack of reactivity at the sensitivity
level used for I13G3-coats distnguishes the type 4
extract from that of type 15 {1) another difference 1s
that the IgG receptor of type 15 ts easily precipitated
by human normal sera which 1s not the case with
the type 4 1gG receptor A certamn reactivity of the
type 4 extract for 1gG3 was demonstirable however
since IgG3 (as also IgG1) myeloma protemn was
whibitory in the HAL expenments Fe fragments of
polyclonal human IgG were also mhubitory while
ke solaed IgA mysloma protéin was not. The IgA
receptor precipitate shifted to 2 more anodal
position on addition of IgA myelama protein to the
exiract, while the agglutinating activity for [3G
coated cells remaned mn the fractions at the
*pphcavon well This finding shows that two
ifferent receptors for human immunoglobulins ~
one for 1gG and one for IgA - were present tn the
alkaline extract of type 4 group A streptococct Only
the IgA receptor was precipitated by human sera
‘The precise mechanusm by which 85% of normal
human sera precipitate the IgA receptor ts at present
unknown The 3re precipitate was changed as to
mobnlity rather than suppressed on addition of lgA
tomponents On the other hand serum KP
suppressed the Jre precipitate This difference
betsieen IgA M.component sera and normal serum
Wight teflect differences 1n the motecular structure
of IgA or might be caused by addional factors
Present in the normal seruca but absent from IzA

This work was supported by the Swedish Medical Re
searth Counctl projects no B3O 13X 05196 0JA and
B8O 16X 5211 3 and Rikyfsrbundet mor reumarism
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were cut out and investigated for content of
agglutinating activity aganst anti Rh{Ri)-coated
human red cefis (1} Only the fractions surrounding
the appl well cor ding to the precip

3rs were found to agglutinate the cells (titres
1 100~1 1600)

The fracttons of atk ex T4 corresponding to
precipitate 34 were pooled and tested for agglutina
ting capacity against cells coated with vanous any
Rh antibodies Cells with the coat KM (diluted 1 5
at coating) useful for detection of GIm(l) were
agglutinated by the fractions diluted 140 while
cells with two different G3m(5)} coats were not
agglutinated

Vanous purfied IgG M components were tested
for their capacity to inhibit the agglutination of
human red cells coated with KM by the fractions
corresponding to the 3t precipitate The fractions
were used 1n dilution 1 10 An IgGI M-component
and an 1gG3 M-component were both capable of
inhibiting at a concentration of 0 1 mg/m! Purified
1gG Fc fragments 0 05 mg/ml also inhibited the
agglutination A purified IgA M-component was
not inhibitory at a concentration of 2 mg/ml

A preparative electrophoresis was run with alk
ex T4 after addition of an equal volume of a
solutson of a purified IgA M-component (2 mg/m])
as described above 1he components responsible for
hine 3ys4 were thus shifted towards the anode The
distribution of the agglutmating capacity for Ri
coated human red cells in the different fractions was
not changed

Lack of M Anngen and Opaciy Factor in the
Atholne Extvor of Tope ¢ Gronp & Strepioroess

No precipitation was obtaned in double difTu
sion tn gel expertments between the alk ex of T4
and ant type 4 M typing serum No opacity factor
activity was demonstrable in the extract

Comparison of the Components Responsible Jor
Precipitate 1 in the Alkaline Extracts of Tvpes 4 and
15 Group A Streptococct

The 7 sera giving precipitate | 14 with the type &
alkaline extract also preapitated the fractions
corsesponding (o hne i m the alk ex TI5 The
electrophoretic fractions corresponding to the preci
pitate 114 were isolated by preparative electrophore
sis Quehterlony type | reactions Gnterference with
complete fusion (I1) were obtamed on double
diffusion 1n gel experments between the compo
nents responsible for ine { 1n the afk ex T{5 and
the precipitate 114

Localization of Group A Carbohydrate Lipotechoie
Acid and Peptidogly can after Electrophoresis of the
Alkatine Extract of Type 4 Group A Streptococa

Ant: group A carbohy drate serum gaye a precipt
fate agamst a cc In the electroph )
separated extract situated immedately anodally to
the applicanion well This precipitate was obtamed
also after trypsinization of the extract Anti C and
ant1 G sera gave no such lhine

Precipiates [ys 3rs and 414 disappeared while
line 214 1 d unal after tryp of
alk ex T4 214 could be mnhibited by additron of
peptidoglycan to the serum causing the 2714 precig!
tate

Paparn treated human red blood cells were coaed
with the fractions obtained by preparatie electrop
horests of alk ex T4 Except the materal from the
2 slices taken most cathodally all fractons wef
capable to coat the red cells for aggluunation ¥
ants LTA serum in dilutions from 1 20t 1320 11
addition these fractions could inhibit the agglutin?
tion of cells coated with punfied LTA caused b
antt LTA serum

Lack of Relation berneen the Receptors for TeA and
1gG and Haptoglobin Binding Capaciy

Nine different sera belonging to haptoglob?
types | 1 2 1 or 2 2 were tested by diffusion ol
aganst the efectrophoretically separated alk €% T
There was no relation between precipttates I1a 2té
314and 414 and the haptoglobin type ¢

Addition of solutions of punified haptoglobtn ¢
type 2 2 1548 4 mg/ml in equal volumes 10 the
alk ex T4 did not affect the appearance of any o
WMt i1y Ty dusand dqaprenipiaes

The agglutnation of KM coated human red
blood cells by the fracttons from 2 preparative
electrophoresis of alk ex T4 was niot tniubited b7
purified haptoglobin type 2 2 in 1ons ¢
{ 5~48 4 mg/ml

DISCUSSION

Electrophoretic separation of the alkaline extract of
type 4 group A streptococcl gave rise to 4 wel
separated precipitates in gel-diffuston experzments

‘with sera from healthy indviduats The locatton o
ElS ~ omcocw thwh chthey

with

. W the
exception of the 4rq precipitate which was only
demonstrable 11 experiments with type 4 extract
The 474 preciprtate was not further charactenized 1n

the present work
The component m the 1ype 4 extract responsible



for 314 resembled the IgG Fc receptor shown 1n the
type 15 extract (2) with respect to electrophoreuc
tmobility and the frequency by which human sera
were precipitated However the component from
type 4 was appasently different from the type 15
12G Fe receptor e the fattes 15 shufted anodally
ta electrophoresis on addition of IgG Fe

sera. The h

it under mvestigauon.
vl'?;: 214 preaiptate was — as 10 the expenments
with type 15 extract (2} - caused by pepudoglycan
This preciputate did fot appear afier addipon of
peptidoglycan to the human scrum The compo-

sat

(2) 1 contrast to the compagent of 314 preciprate
On the other hand the mobtlity of 3rs shifted
anodally 1n the presence of JRA M-components
while IgA M-components did ot influence the line
3 of type 15 (unpublished observation) Evidently
the type 4 component respoasible for lme 3rs
nteracted with IgA 1ndependently of the specilicity
of the antibody combimng sites stnce 9 flerent
TgA M-components caused a stuft of the preciprtatz
10 (b anode This finding 1ndicates that the type 4
for 314 the carliey
described streptococeal receptar for human [A (41
111 not known whether the IgA receptor 18 acuve
for both IgA subclasses and secretory IgA
1o the fracuons corresponding to the 31
precipitate an apglutinating capacity for anu Rh
coated human red blood cells was also d:

nents te for 1 1n both type 4 and
type 15 alkaline extract were antigemcally identacal
as demonstratad by double diffusion 1n-gel

The absence of fype-speafic antigéns n the
alkaline extract of type 4 group A streptococct and
the presence of receptors for IgA and IgG were i
accordarice with the observation of pon deatty
between these components earher made (2} Also
1he smmunoglobulin receprors dffered tn electro-
phoretic mobility and trypsta-senssuvity {rom pepu
doglycan 2ad group-speaific carbohydrate la con
trast to the Ig receptors LTA was found i pearly all
fractions obtaned from preparauye electrophorsss.
of type 4 alkaline extract.

This avesugation has shown that group A
streptococct type 4 possess distnct, Wwell separable
receptors for human JgA and IgG

ted These fracuons aggtutinated cells coated with
1eG1 subclass antibodies bot aot wuh 1gG3
anubodies The lack of reactrvity at the sepsiuvity
level used for [5G 3-coats disynguishes the type 4
extract from that of type 15 (1) another difference 15
that the IgG receptor of type 15 15 easily precipitated
by human normal sera which 1S not the case with
the type 4 [2G receptor A certain reactivity of the
ype 4 extract for 18G3 wa however

This work was supported by the Swed sh Med caf Re
search Counal proyects no B30-13X-D5198-03A and
B8O-16X 5211 3 20d Reksfarbundet miof rewmansm
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were cut out and investigated for content of
agglutinating actvity agamst anti Rh(Ri)-coated
human red cells (1) Only the fractions surrounding
the well, corr ding to the pr
314, were found to agglutinate the cells (utres
1 100-1 1600)

The fracuons of alk ex T4 cor to

Localization of Group A Carbohydrate, Lipoteichoc
Acid and Peptidogly can after Elecirophoresis of the
Alkahne Extract of Type 4 Group A Streptococat
Anti-group A carbohydrate serum gave a precip!
tate against a component 1n the electrophoretically
separated extract situated immediately anodally to

precipitate 314 were pooled and tested for agglutina-
ting capacity agamst cells coated with various anti-
Rh antibodies Cells with the coat KM (diluted 1 5
at coating), useful for detection of Glm(l), were
agglutinated by the fractions diluted 140, while
cells with two different G3m(5) coats were not
agglutinated

Various purified IgG M-components were tested
for their capacity to mhibit the aggiutmation of
human red cells coated with KM by the fractions
corresp to the 31 pr The fractions
were used 1n dilution 1 10 An 1gG1 M component
and an 1gG3 M-component were both capable of
inhibiting at a concentration of 0 1 mg/ml Purified
1gG Fc fragments, 0 05 mg/ml, also inhibited the
agglutination A punfied IgA M-.component was
not inhibitory at a concentration of 2 mg/mt

A preparative electrophoresis was run with alk
ex T4 after addition of an equal volume of a
solution of a purified IgA M-component (2 mg/ml),
as described above the components responsible for
hine 3714 were thus shifted towards the anode The
distribution of the agglutinating capacity for Ri-
coated human red cells in the different fractions was
not changed

Lack of M-Anugen and Opacuy Factor in the
Alkaline Extract of Type 4 Group A Streptococct

No precipitation was obtained it double diffu
sion in-gel experiments between the alk ex of T4
and anu-type 4 M typing serum No opacity factor
activity was demonstrable 1n the extract

Comparison of the Componunts Responsible for
Precipuate 1 n the Alhaline Extracs of Tvpes 4 and
15 Group A Streptococct

The 7 sera giving precipttate 114 with the type 4
alkaline extract also preupated the fractions
corresponding to line | w the alk ex TI5 The
electrophoretic fractions corresponding to the prect
pitate 174 were tsolated by preparative electrophore
sts Ouchterlony type | reactions (interference wWith
complete fusion {11)) were obtained on double
diffusion-in gel expeniments between the compo
nents responsible for line 1 1n the alk ex TS and
the precipitate 114

on

the app well This precipitate was obtaned
also after trypsintzation of the extract Anti-C and
ant-G sera gave no such hine

Prectputates 174, 314 and drs disappeared whit
line 214 1 d unaltered after tryp of
alk ex T4 274 could be mhibited by addion of
peptidoglycan to the serum causing the 2s preci
tate

Papatn-treated human red blood cells were coated
with the fracttons obtasned by preparative electrop
horesis of alk ex T4 Except the materal from the
2 slices taken most cathodally, all fractions wef
capable to coat the red cells for agglutmation by
anti-LTA serum m dilutions from 1 20 o | 320 In
addition, these fractions could mhibit the aggluund
tion of cells coated with punfied LTA caused by
antt-LTA serum

Lach of Relation between the Receptors Sor Igd and
IgG and Haptoglobin-Binding Capacity

Nine different sera belonging to haptoglobin
types 1-1, 2-1or 2-2 were tested by diffuston gel
against the electrophoretically separated alk ¥ T4
There was no relation between precipiates Is 214
3rsand 4r4and the haptoglobin type

Addition of solutions of purified haptoglobin of
type 2-2 15484 mg/ml, in equal volumes to the
alk ex T4 did not affect the appearance of any of
the 174, 274 3742nd 474 precipitates

The agglutmation of KM coated human fed
blood cells by the fractions from a preparatne
electrophorests of alk ex T4 was not inhibited b)l:
purified haptoglobin type 2.2 1n concentrations ©
1 5-48 4 mg/ml

DISCUSSION

aline extract of
¢ 1o 4 we

p n g expersments
wnrlh sera from healthy individuals The locatioR of
the precipitates, and the frequencies with which they
occurred were similar to the results obtaned with
an alk ex TIS described earlier (2) with the
exception of the 4y4 precipitate which was only
demonstrable mn experiments with type 4 extract

The 4v4 precipitate was not further characterized I

the present work
T‘l’le component 1n the type 4 extract responsible

Electrophoretic separation of the alk:
type 4 group A streptococC! gave ris
" 1t




\cta path rascrobiol seand Sect. € 88 $3-88 (980

KINETICS OF LOCOMOTION OF HUMAN GRANULOCYTES
IN A DOUBLE-FILTER SYSTEM

Effect of Actvating Plasma with Zymasan and Casen

AKSEL SCHREINER and DAG VAULA

Medical Department B and Insttute of Hygene 2nd Social Medicine Facoity of Metione Unyversity
of Bergen N 5016 Haukeland sykehus Bergen \orway

Effect
Schrewer A & Vaula D Kineucs of locomouon of human granulocytes i a double filter system
of actwvating plasma with zymosan and casen Acta path microbiol scand Sect. C 88 83-38 1980

A new modification of Boydens mulpore fijter technmique 18 described 10 which Jeukocyres are
sandwiched berween Two filters 3nd allowed 10 migrate 1n two diwectons Thes techruque affers a beuee
‘asis for compartson with mathemaical models than does Single filer methods Using this technique
castin n low concentrations was leukoknetie i the absence of plasma but did not show leukotactic
actvity unless plasma was present  Zymosan acuvated plasma Was feykokinetic and strongly

leukotactic

Key words {n vitro chemotaus leykokinesis leukotaxis Zymosan casein

A Schrewmer Medwal Depastment B N §016 Haukeland sykehus Norway

Recewved 18w 79 Ascepied 31 79
Leukotaxins exert a chemotactic effect directly
upon leukocytes whereas leukotatigens need the

Ppresence of plasma serum or biofogical fluads or
Prrdicte n  Fas s
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to be chemotactic to phagocyies on the basis of
Boyden experiments 15 often uncertan (Wilkinson
1974) To improve the possibihity of demonstrating
directed migration of Jenkocytes 1n mllipore filters
and 10 be more able to disunguish between random
and direted mugration we developed another
modification of the Boyden method 11 which
leukocytes are sandwiched between two filters and
thus allowed to move 1n two main directions The

chemotatis can be dome by choosing 2 method
®hich allows the sudy of the behaviour of
individual cells or comparison of the cell migration
kinelcs with 2 mathemantal model desigoed $o
describe a durected locomotton (Zigmond & Hirsch
1973 Resen 1976 Zigmond 1978) These conde

Ylons ate not obtamed with most varants of the
Bogden mulbpore filer techmque Boyden 1967
widely used 1n the study of phagacyte magtation
The accumulation of eells 1n response to & gradient
™ most of these systems can be due to brased
Tandom mgraton or to chemotaxss (Keller er af
1977) Consequently snformaton op agents alleged

model used m a previous study
{Schremer & Vaula 1978) was modified to describa
this new siuation In the present study this method
was used 1n expenments designed to fest our
previous finding that casein 1n the absence of plasma
S rot chemotactic bur does ncrease Fandom
motfity (Schrener & Vaula 1978) Another pre

Vo €T . ok ha

aunriner & Hopent 1979} led us Lo exarmune also the
snfiuence of fresh heat inacuvated and Zymosan
activated plasma on the myg;

raton of leukocyte
populatons w the double flver system ik
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Fig 1 Dutrihuuon in double rullipore fifters after 60 min incubation of leukocytes exposed to 3) casemn b) fresh
Plasms and ¢) heat inacuvated plasma under non gradient and gradient condiuons

In contrast to our previous models (Schremer &
Vaula 1978) these models describe the d

rable 10 equanton {1y

< and the distribution under
gradient J cond

m infinute media corresponding to the experimental
conditions used

Provided our simple model 1 adequate, the
observed  celf une

should be com
parable to equation {2)

Experimental results All expertnental results are.
sho?rn mFg 3, 4a0d 5 The leukocytes were

der
{wrandom mahylity«) conditions should be compa

between 2 millipore filters of 3 pm pore
size, the filters with cells mounted 1n blind welf

or



MATERIALS AND METHODS

Modified Boyden chambers were purchased from
Neuroprobe, Bethesda, Md , USA, mullipore filters with
a pore size of 3 pm from Millipore Filter Corp . Redlord,
Mass , USA, casen Hammarsten from Merck, Darm-
stadt, West Germany, and zymosan from Sigma, St
Louss, Mo, USA Hanks' balanced salt solution with the
addiwon of 2% human serum albumin (Hanks'/
afbumiin} was used a main cell suspending medium

Blood Blood was donated by healthy members of the
hosputal staff, and by healthy medical students The
blood was heparinised to contain 10 1 u /ml The plasma
used was always autologous

Separation of leuhocytes Lenkocytes were separated
by dextran sed and the erythro-
cytes lysed with ammomum chloride. as described
previously (Schretner 1978)

Activation of plasma with ymosan 100 my washed
Zymosan in {0 m{ plasma was incubated for | h at
37°C The plasma was centrifuged 10 min at 1300 x g,
and the supernatant used

Actiation of plasma with caset Casewn, 2 mg/m! of
05 mg/rl n fresh, autologous Plasma was ncubated
for 1 hat 37 °C, and the misture used

Inactnation of plasma Plasma was heated for 30 min
at 56 °C

Modification of the Boyden technigue The lower
compartment of several chemotaxis chambers was Filled
with Hanks'/alburain One millipore filter was positio-
ned 1n each chamber and | 2 % 10° leukocytes (0 6 ml of
a cell suspension contmimng 2 0x 10971 leukocytes)
were allowed to seltle on the filters by gravity After 20
mun the supernatant was pipetted off, the filters removed
and pairs of filters carefully transferred 1o new chambers
where they were assembled, the ool layers facing each
other For gradient experiments the lower compartment
of these chambers had already been filled with the
appropnate attractant For non gradsent experiments, the

a¢ g chusen WY preset? o otk
sides of the filters The chambers were incubated for the
appropriate persod at 37 °C 1n 100% relauve humidity,
thereafter the lilters were removed, fixed n Mmethanol
and ethano} stained with hematoxylin dehydrated
ethanol, cleared with xylene and mounted on glass
slides

Experimental design  Gradient and  non gradient
experiments were made with casein in Loncentratons of
2 1 and 0 25 mg/m dissolved (n Hanks /alburin with
fresh plasma, zvmosan acuvated plasma and heat-
imactivated plasma each 1n concentrations of 10 20 and
100% 1n Hanks /albumun and with casemn-Activated
plasma n concentranons of 1 and 025 mg/ml
Hanks /albumin For each vanable, 4 chambers were

RESULTS

Theoretical approach When particles move 3
random (0 a homogeneous substrate from an gy
distributton represented by a thin layer in position t
= Gatumet = 0, the distrrbution at a latec tige
will be Gaussian, as dicated previously Uacops
1967, Rosen 1976, Schreiner & Vaula 1973)

m

alx,t) = @rp)% Nexp (x4 p)

-50 50 {pmix
Fig [ Theoreticat distributton according to equaton ([
for 3 values of t (min) of particles starung 1n position 0
and moving at random n an infimte medum Toud
number of particles per field {crass-sectional area) =

1G4, diffusion constant (y) = 2 pmmn~

where p= constant mobility for all particles at alf
valuesof xand t, N = constant number of particles
per cross-sectional area

When a directional force 15 added to this simple
model by assurmng a constant velocty v, the
solutson to the transport equation is (acobs 1967,
Rosen 1976, Schrewer & Vaule 1978)

e, U = Wrpt—s Nexp (- (-vt)/4 ) [v)]

150

Tl x
Fig 2 T \ acoording to equation (2}

run in parajlel The chambers were generally
for 60 min, and the filters immedaately fixed The in-
filter distribution 10 each filter was determined by
photographing 2 fields on each of 4 levels at W0 45,70
and 95 micrometers respectively, from the cell stating
side This procedure 15 described in detail elsewhere

(Schretner 1978)

QA

for 2 values of ¢ {min) of particfes starung i posiuon 4
and MOMING \n 410 snficte medwm when the mobility
results {rom random diffusion and an addiuonal,
directed force Total number of particles per field (cms;
sectional area) = 7520, diffusion constant (W) =

ym2min~T, velocity resultng from directed force {v) =

2pm pun™!
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Fig 7 Distibution o double milligare filters after 60 mun meubation of feukecytes exposed 0 a) casein, b) fresh
plasma and c) heat 1nactvated plasma under non gradient and gradient conditions

In tontragt to our previous models (Schrener & rable 10 equauon w), and the dsribution under
Vaula 1978} these models descnibe the gradient § should te com.
uinfinite media corresponding to the experimental  parable {0 equation (2)

copditions used Expenmental results AN experimental results are

Provided our simple model 15 adequate the shown i Fig 3,4 and § The feukocytes were
observed et under berween 2 mithpare filters of 3 pm pore
Famrdom e enndmcm sbould be compa-  size, the filters with Cells mounted 1 blind well




MATERIALS AND METHODS

MeadiFed L

Boyden chamb. were from
Neuroprobe Bethesda Md, USA, millipore fters with
a pore stze of 3 ym from Millipore Filter Corp , Bedford,
Mass, USA casein Hammarsten from Merck, Darm
stadt, West Germany, and zymosan Trom Sigma 5t
Lows Mo USA Hanks' balanced salt solutton with the
addion of 2% human serum albumin (Hanks'/
afbumin) was used a main call suspending medym

Blood Blood was donated by healthy members of the
hospital staff, and by healthy medial students The
blood was heparinised to contain 101u /m! The plasma
used was always attologous

Separation of leukocytes Leukocytes were separated
by dextran and the erythro
cytes lysed with ammonium chloride as described
previously (Schrener 1978)

Activation of plasma with 3mosan 100 mg washed
zymosan 10 ml plasma was tncubated for | h at
37°C The plasma was centrifuged 10 min at 1800 x g
and the supernatant used

Actnvation of plasma with casein Casein 2 mg/ml or
05 mg/ml n fresh autologous plasma was mcubated
for 1 h at 37°C and the muxture used

Inactnation of plasma Plasma was heated for 30 min
at 56 °C

Modificanon of the Boyden technigue The lower

of several chi hambers was filled
with Hanks /albumin Qne mullipore filter was pasttio
ned 10 each chamber and | 2 x 106 leukocytes (0 6 mlof
a cell 20% 10%/1 leukocytes)
were allowed o settle on the filters by gravity After 20
min the supernatant was pipetted off the filters removed
and paurs of filters carefully transferred to new chambers
where they were assembled the cell layers facing each
other For gradient experiments the lower compartment
of these chambers had already been filled with the
appropriate attfactant For non gradient experiments the
lant at a chosen was present on both
sides of the filters The chambers were incubated for the
appropriate period at 37 °Cn 100% retative humidity
thereafter the filters were removed fized In methanol
and ethanol stamned with hematoxylin dehydrated 1n
ethanol cleared with xylene and mounted on glass
shdes

Experimental desiyn  Oradient and  non gradient
experiments were made witl casein #h concentratons of
2 1 and 0 25 mg/mi dissolved 1n Hanks /albunun with
fresh plasma  2ymosan dtwated plasma and heat
mactivated plasma each i concentrations of 10 20 and
100% 1n Hanks /atbumin and with casemn acuvated
plasma 1n concentratons of | and 025 mg/ml 1
Hanks /albumin For each vanable 4 chambers w:rf

RESULTS

Theoretical approack When particles move at
random 1n a homogeneous substrate from an wtal
distribution represented by a thin layer in posuony
= Qatumet = O the distribution at a later ume
will be Gaussian, as indicated previously Uarofs
1967, Rosen 1976, Schreiner & Vaula 1913}

n(x.0 = (daptr% Nexplx¥/ap) )

50 50 1umir
Fig 1 Thearetcal distribution according to equayon (1
for 3 values of t (mm) of paricles startmg 1t posiuon
and moving at random m an infine medizm Tout
number of particles per field (cross sectional ared) =
104 diffusion constant (p) = 2 pm’min !

where u= constant mobslity for all particles at all
valuesof xandt N = constans number of parules
per cross sectional area

When a directional fore 15 added to this sumple
mode} by assunung a comstant velocty V. the
solution (o the transport equation is (acods 1967
Rosen 1976, Schrewer & Vaula 19781

nix ¢ = @rpthY Nesp(-G-)74p0 v

50 (%

%0
3 T 1 disteibutton ding (o equation (2)

run 10 parafiel The chambers were generally
for 60 min and the fifters immeduately fixed The in
filter distribution n each fitter was determined by
photographing 2 fieids on each of 4 levels at 20 45 70
and 95 micrometers respectively from the cell starung
side This procedure 1s described 12 detatl elsewhere

(Schreiner 1978)

(mun) of particles starting in posion
e ‘:rl; lar:" ::ﬁnuep medsum when the mobility
diffusion and s addwond
ber of partictes per field (cross
flusion constant () = 50
ed force (v} =

Fg
for
and moving
resulis from ;andam
directed foroe Total qum
5;mnal areny = 7520 o
pmimm 1 veloaity resulung from direct

2pm min=!
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Boyden type chemotanss chambers and mcubated
for 60 min ln non gradient experiments the
sumulant was present 2t equal concentration 19 both
compatments In gradient experiments the stmu
fant was always present in the lower compartment
and Hanks falbumin 1 the upper compartment
Toe results from the upper filter are shown m 2
reversed manmer to the left 1 each coordinate
system the results from the lower filter (o the right
‘Eath pont on the curves Tepresents the meza count
of duplicate fields on cach filter from 4 paralle!
expenments 1 each of 4 s (= 32

1978) and the presented models 1mply tha af)
particles start to Jocomote simultaneously compan
son with the models requires great care in the
casern expenments with a vmuform casen concen
tration 1t 1s most probable that the highest casein
concentration (Fig 32} reduced the number of
responding cells since the i filter cell count reach
ed 2er0 already at 70 pm For the same reason the
qQ ustng  heat d
plasma also appeared to be reduced (Fig 3)
However 1n contrast 1o the effect 1n capiflary tubes

observauons) = SEM

DISCUSSION

“The method used in the present study on Jeekocyte
wigration offers clear advantages By allowing cells
1o migrate i two main directions 1t yields a display
of the total cell kinetscs Imuted only by the
thickness of the filter Under non-gradient condi
tons 1¢ when the leukocytes are moving at
random these kinetics are expected to be descrived
by 2 normal distribution which 1s symmetrical with
respect to the plane 1 which the leukocytes are
layered In expenments with a gradient of a
chemotaxin 2 pormal distribution of cells s
expected which moves fowards the source of the
gradient, a famibiar w a2l

heat of plasma did by no means abolish
the random mugration 1n milipore filters In non
gradient with caset

fower than 2 mg/m! (Fig 32) with zymosan
acuvated (Fig 4a) and with casewn actvated plasma
{Fig 4b) the random migration can carefully be
considered as increased as compared to fresh plasma
(Fig 3b) Generally modulation of migraton under
non gradient tonditons by the faciors tested was
not very impressive Except for casein vanation
concentration of the factors tesied had lmie
mfluence on the cell distnbution Under gradient
condiions  modulation of the response varted from
no influence to dramauc change With casern
gradients the distnbution Wwas skewed 1 the
direction of the night filter (Fig 3a) but did not
compare with the model for directed mugrauon The
skewness may be explaned by a larger number of

from the pattern of protem electrophoresis (Rosen
1978 Zigmond & Hirsch 1978 Schreiner & baula
1678} This movement will restlt 1n 2 reduction of
<ell counts un the filter distant from the source of the
gradieny (hereafter called wthe left filter«) This
additional informatson is valuable since demonstra
ton of the most discrirumating part of the
distnbution 10 single filters which 15 close to the
deposited cell layer (Fig 2 bold face lne) 1s
‘hampered by optical disturbasices from ths Jayer
(Schremer 1978) In experiments using an agent
which 1s purely leukokinetsc sumulabion of random
motulity o increasing the ume — wdl

cells m the filter facing the casemn
gradient and by increasing sumulation of random
migration during passage of cells through the nght
filter The cell distribution of cels exposed to a
gradient of fiesh plasma remamed symmetric
indrcating that the plasma was not chemotactic (Fig

3b) With heat in2ctivated plasma a small asymme
try occurred for which there 15 no ready at hand
explanavon (Fig 3¢) A gradient of diluted zymo-
san actvated plasma had a dramatic effect on the 1n
filter cell distribution making it compare well with
the model for directed mugraton (Fig 4a) This
£flect was apnomimatsle apa' - AP are ARR

result a0 a broadening and flameming of the
dstnbution curve which however 1s sull symeme
el In gradient expenments with a leukokemesin
the leukocytes will accelerate as they move at
Tandom up (he gradient and éncouster ncreasing
concentratons of the leukokinestn (Sehremer §977)

uently the cell distribution 1n filters from
such experiments will be skewed some cells 1n the
i1 facing the source of the gradient { the nght
fiter ) having moved further However since
PrEvious Tesults indicate that the ntmber of cells
responding to 2 locomotor sumulant may depend on
the sumulant concentration (Schremer & Vaula

ed plasma but far less pronounced
when the activated plasma was used undiluted The
shape of the distribution 2lso corpared favourably
with the model for directed mugraton when
different incubavion tmes were ysed although the
locomotor process seemed to be retarded with
increasing ume (Fig 5) The retardation can be
explamed either by the cells not starting simultaneo-
usly or by wmhibuon of motlity as cells move up
the gradient and encounter ncTeasing concentra

1rne af o —

we model for

duectonal mugration (Fig 4b) However the
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Fig 4 Distribution in double millipore filters after 60 mun incubation of leukocytes exposed to a) zymosan actnated
plasma and b) casein acuvated plasma under non gradient and gradient conditions
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Fig § The distnbunon in double mullipore filters of feukocytes exposed (o Zymosaa activated plasma at 3 different
u:fubauon umes under non gradient and gradient conditions
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The knowledge of what 15 actually bemng measu
red wuth available i witre methods for measuring
chemotaxss ts tnsufficient In a previous study we
demonstrated that the wmfluence of glass adhesion
mhibis lewkocyte pugration m captlary tubes
(Schreiner & Hopen 1975) tut also other physical
2nd chernical influences may render results obtamned
with different methods incompatible  Also  the
@ifferentiation between random and directed migra
Ton in these test systems 1s difficult

In Boyden filter expertments (Boy den 1962) using
gradients of casemn we were unable to demonstrate
leukocyte Jocomouon kinetics which compared 10 a
mathematical model for directed migeatian (Schrer
ner & Vaula 1978) However 1n our double filter
modification of the Boyden system plasma actva
ted %uth casein of zymosan iduced Kineties which
Wert comparable to the model Other chemotactic
factors have not been tested with this method

Diferentiation between directed and random
migration 13 routinely carried out when the under
agarose technique (Nefson ef ul 1975)15 used The
Dop-symmetric patiern of leukocyle migration in

hs assay Is despite the lack of evidence seen as an
expression of directed msgration

Antitubulins  espectally colchicin  have been of
importance far the concept of random 2nd directed
migravon since the report by Gallin et af (1978)
that dirested migration was mhibited by this agent
‘whereas T2ndom migrauon was not tnfluenced

To study the ifluence of some chemotactic
factors on leukocyte mugration in different test
systems we compared the results with formyime
thionylieucylphenylalarune (FMLP) 1n Boyden filter
expenments and capllary tube expeniments The
effect of Zymosan acuvated plasma was examined sn
capillary twbes and 1n under agarose experiments
Funhermort we examined the mfluence of FMLP
on the levkocyte msgranon kinetics in millipore
filters i the presence and absence of fresh of heat
wmaguva'ed plasma In under agarose expersments
we compared the leukocyte locomotion ktneties
with Computer-simulated mathernatical models for
sandom and directed migration Finally, we mvesy
gated the mfluence of colchicin on the feukocyte
Tugrston in Boyden filter expe

nments  capilla
tubes and under-agarose experiments i



relattvely high cell counts 1n the left filter indicated a
considerable contribution of random mugration to
the total distribution

The following conclusions can be drawn from
our study When the leukocyte distribution n
mullipore filters 1n comparison with mathematical
models 1s used 1n the study of leukocyte locomotion
the presented double filter method gives more
reliable results than single filter methods The
advantages include the display of a greater part of
the distnbution and a better distinction between
random and directional migravon The results
support previous findings that casemn 1s not ~ or
only weakly — chemotactic However casein 1s
capable of inducing chemotactic activity 1n plasma

In contrast to the findings with capllary tubes
random mugration in mullipore filters 18 not
dependent on a heat labile plasma factor

Activation of complement with zymosan renders
plasma highly chemotactic These findings support
the o that d i is the
major chemotactic principle 1n plasma 1e under
phystologscal conditions (St derman et ai 1971,
Wilkinson et al 1973) Finally our results empha
size the obligaton to employ a method which
unequivocally demonstrates directed mgration
before proclasming chemotactic factors

Thus study was supported by grants from the Norw eglan
Resecarch Council for Science and the Humanities from
L Meltvers Hoyskolefond and from the Norwegian
Cancer Soctety

The skilled technical assistance by Brur Edvardsen
and Ole Ingar Paulsen 1s thankfully acknowledged
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RESULTS «eoromem 3

son gradient Boyden millipore experiments with
M FMLP combined with 20% {resh plasma in
h compartments migration was slightly increa
as when compared to experiments with FMLP
the abisence of plasma In gradient expenments sncubation of colchicin
5 FMLP mugration was markedly increased 5:‘; ﬁ'n'i"i.".,'ﬁl:flﬁ' xieiE:;L towards (nght pancl)
e plasona was present (Fig [a) When the same L0y G paneD undiluted zymosan-actated
es of expertments were performed with FMLP 1n plasma n = 9 Mean sugrated distance = SEM
presence and absence of heat tnactivated plasma
notreeable difference 1 migration was observed
¢ 1 ced tube migration of leukocytes (p <0 05) when
In capillary tube experiments th;plr ;“,:?cg'l:_’; the concentration reached 10%, but not (p>0 1} at
| suspending plasma of 10 # an 1% orlower (Fig 2)
[“‘“l‘"?“e(““ g‘ak;’;m:v&“rg;“o{'nfh?’gﬁng Migration of colchicin treated and unuwe:
controls {p leukocytes was tested n all three systems am
luced magration sgauficantly {p <0 05) ZV’:‘* compared to mugratton of cells that had been left
voctvated plasma diluted in fresh plasma redu VP millipore filter experyments  treatment
with colchicin reduced leukocyte migration wn both
+ gradient and non gradient expertments The in filter
- gg;g:xlréll:‘ g counts were lower for colchicin treated cells 1n each
field on each level m all filers from three
expeniments (Fig Ic) In capallary tubes (Fig 2)
colchicin treatment reduced leukocyte migraton
o} 'h signuficantly (p <0 01) A reduction tn migration of
colchicn treated cells n captilary tubes was also
observed when FMLP or zymosan activated plasma
was present In under agarose experiments colch
€n treatment reduced leukocyte msgration tow ards
{p <005) as well as away from ® <005)
Zymosan activated plasma (Fig 3)
8 7 6 In some under agarose expenments using zymo-
Contr 10° 107 10 FMLP(M) san activated plasma as stimulant and § penods of
tncubation (40 90 160 250 and 360 mun) the
kanetics of leukocyte mugration was determuned A
{_‘ counting grid with boxes each comprising a true
arez of 200 x

3101 3 5 1em

Ints

100 pm (1 unst area) was

[¢ 500)
g 4) All images of
‘were counted 1n the

on ph p
o of cells that had mugrated (Fy
cells visible withm each box
direction towards the stimulant, as wel) as away
from 1t. The mean counts 1n corresponding boxes

from 3 experiments were calculated and plotted in a
coordinate system agarnst thy

e distance from the well
1o the Iateral demarcation of the appropreate box (1
Cortr 001 01 10 10 um-; =b:00;m) (Fig 5)
o 2%¢ 10 compare these findings with
Zymosan actvated mathematical models we devel
plasma (%) 2pproach P e

i 2 Migration i capillary tubes of colchucin weatea (n TH€07etical approach 1 leukocyte migration under
7 and untreated (0 6) lekocytes Leukocytes  980705e Rosen (1976) SuEgested a transport theory

spended in fresh plasma w(th the addiion of FMLP [0 neutrophuls during chemotaxis m myy

bper panel) Leukocytes suspended i zymosan  filters of the following form pore

teuvated plasma (lower panel) Levkocytes Suspendeq tn

fresh undifuted plasma (contr )

nlx 1) = @ np0-/ Nexpx 4 (1)



MATERIALS AND METHODS

Blood was drawn from members of the hospital staff and
medical students and hepanimised to contam 10 1u per
m! N-formy Ip {FMLP) was
purchased from Sigma, St Louts, Mo, USA, colchicin
from Merck, Darmstadt, West Germany, tissue medjum
199 and HEPES buffer from Flow laboratories, boyine
serum afbumin from Armour Pharmaceutical Co , Ltd ,
Eastbourne, UK, agarose from Litex, Glostrup, Den-
mark and tissue culture dishes (No 3002, 60 X 15 mm)
from Falcon Plastics, Oxnard, Calif, USA ANl oher
materals were obtained as stated previously (Schretner &
Hopen 1979) Hanks' balanced salt solutton (HBSS) was
used as the matn cell suspending medjum

Separation of leukocytes Leukocytes were 1solated by
dextran and the erythrocy-
tes Jysed with ammomum chlonde as described pre-
viousiy (Seriremner (9781

Actnation of plasma Plasma was activated wyth
zymosan as described previously (Schremner & Vaula
1980)

Colchicin d Isolated leukocyt: n
a solution of 10-6M colchicin 1n HBSS were incubated
for 30 min at 37 °C mmmediately prior to each
expeniment  After incubation the fleukocytes Were
washed once in heparinised (2 5 1 ¢ per ml) physiologi-
cal saline and ded 1n HBSS »
fiuman or bovine serum afburmin (HBSS/albumin)

Mullipore filter nugration A modification of Boyden's
method (Schremer & Vaula 1980} was used Briefly
Jeukocytes were sandwiched between two millipore
filters (pore size 3 pym) and each pair of filters mounted 1n
blind-well, Boyden type chemotaxss chambers For
gradient experiments, the test substance was present in
the lower and HBSS d with
2% (v/v) human serum albumin in the upper compart-
ment For non-gradient experiments the test substance in
HBSS/albumin was present al equal concentrations ip
both compartments The chambers were incubated in
100% humudity at 37 °C for 60 mu The kinetics of
leukocyte migration 1n these experiments were determp
ned by photographic n-filter counung at differant
distances from the cell-staring stde of the filter (Schre;
ner 1978)

Tube migranon Mgration of feukocytes 1a capillary
tubes was studied ustng the method of Ketchel & Favour
(1955) 1n our modification (S:ircener & Hopen 1979)
Briefly a suspension of 7 » 109 leukocytes per 1 n
plasma or tn plasma containing a test substance Was
aspirated halfl way into a hematocnt tube, the tube sealed
at the opposite end and centrifuged at 2500 % g for 3
min The tubes were tcubated at 37 °C for 31 and the
distance migrated by the leading front of leukocytes
from the demarcation of the cell button up the inside wajt
of the tube was measured 1n umts {72 units = 1 mm)
with an ocular micrometer

Under-agarose mugration  For leukuc);li rr::s’r_a"on

dishes Were pre-coated with gelatin by Weukihip uiv w2 .

with an 0 5% (v/v) aqueous soluton of gelatn and
allowed to dry Furthermore, the cell Suspending
medium (HBSS) was supplemented with 2% (% /)
bovine serum albumin Bruefly, in each hardened agarose
plate, 18 wells with a diameter of 2 § mm were punche
out The wells were arranged with three m each of six
raduuses, the center-to-center dstance betw een the wells
1 each radius being 5 mm ‘The outer well i each radus
recetved the attractant {undiluted zymosan activated
plasma), the middle well recerved a suspension of mited
leukocytes {adjusted to 1 S x 1010 granulocytes per 1),
and the tner well recerved a control medium (HBSS
with 2% bovine alburmin) After incubation tn 100%
humidity at 37 °C, the agarose and cells were fived %ith
methanot and formaidehyd, the agarose fayer carefully
renoved, the cells statned with hematoxyhn and pictures
of the cells projected on a screen where the maumal
distance of migration towards, as well as away from the
fant could be ding to Nelson et al
1975)
Stanstical method The Wilcoxon rank sign test for
paired samples was used

GRADYENT

NON GRADENT
ceusrve

cerysied

(X ERL

TR TXE]

T
Fig | Infilter distribuuon of leukocytes 1 Boydeg
double filter expeniments made under aon gradient A%
gradient conditions
) Cells suspended in HBSS/albumin
fresh plasma ——
) Cells suspended 1n HBSS/albumun -
heat inactrvated plasma ——
) Cells treated with colchicin ---==--
not treated ——

In the non gradient expertments 10-6 M FMLP was
present n both compartments In the gradient expert
ments, 10-6 FMLP was present onfy s the lowner

compartment



RESULTS

1a non gradient Boyden mullipore experiments with
100\ FMLP combined with 20% fresh plasma in
both compartments migration was shightly increa
sed as when compared to expeniments with FMLP
1 the absence of plasma In gradient experiments
with FPMLP migration was markedly creased
when plasma was present (Frg 12} When the same
wypes of experiments were performed with FMLP in
the presence and absence of heat inactivated plasma.
ho foticeable difference in migration was observed
Fg 16

In capullary tube experiments the presence in the
cell suspending plasma of 10 % and 10 7M FMLP
4d not nfluence leukocyte migration as compared
to controls (p >0 1) whereas 10M FMLP
reduced mugration sgndficantly (p <0 05) Zymo-
san-actvated plasma dituted in fresh plasma redu

+ Colchion [y

Units -Colchion 5y

Gntr 10° 107 106 FMP(M)

SO

L]

Centr 0OV O 10 100
Zymosan acivated
plasma (%)

Fgaw
7
suspen
tupper e

AcUVBLew prasisia uower panelt Leukocyres sus nded
fesh undiluted plasma (conte ) v "

« coieniem 13

3101 3 5 7 mem

Fig 3 Mugsaton after 180 mun incubauon of colchicn
treated and untreated Jeukocytes towards {nght panel}
and away from (left panel) undiluted zymosan activated
plasma p = 9 Mean migrated distance = SEM

ced tube migration of leukocytes {(p <0 05) when
the concentration reached 10%, but not (p=>0 §) at
1% or lower (Fig 2)

Migrauon of colchicin treated and untreated
leukocytes was tested in 2l three systems and
compared to migration of cells that had been left

ntraatod Tom 1 apon €1

field on each level 1 all fiters from three
expeniments (Fig 1¢) In capillary tubes (Fig 2)
colehicn treatment reduced levkocyte migration
sigtuficantly (p <0 01) A reductson 1n migration of
colchicin treated cells 1n capiliary tubes was also
observed when FMLP or zymasan activated plasma
was present In under agarose experiments colchy
cin treatment reduced leukocyte migration towards
b <005) as welt as away from {p «<005)
Zymosan-activated plasma (Fig 3)

Tn some under agarose expenments using zymo
san actvated plasma as sumulant and § penods of
wneubation (40 90 160 250 and 360 nn) the
kineties of feukocyte migration was determined A
counting grid with boxes each comprising a true
area of 200 x 100 um (I umt area) was

h [t 500)

es of
each box were counted 1y the

on pl
of cells that had mgrated Fig 4) AN 1mag,
celis visible within

Coordinste system agamst the distance from the welf
10 the lateral demarcation of the apprapriate box (1
= 100 ym) (Fyg §)

To be able to oompare these find
ings with

mathematical models we devels atl
o2 oped a theoretcal

Theorencal approoch to leuf,
ocyte migrafion

agarose Rosen (1976} suggestad 5 l.rafxsporl Lhug:;
for pemtrophy)s during ¢chemotavis 1n mullipore
filters of the following form

= @y y Niexp v vyrs4 w0



MATERIALS AND METHODS

Blood was drawn from members of the hosputal staff and
medical students and hepanmised to contain 10 1u per
ml N formyl ylpheny (FMLP) was
purchased from Sigma St Lows Mo USA colchicin
from Merck Darmstadr West Germany tissue medium
199 and HEPES buffer from Flow laboratories bovine
serum albumin from Armour Pharmaceutical Co , Ltd

Eastbourne UK agarose from Litex Glostrup Den

mark and uissue culture dishes (No 3002 60 x 15 mm)
from Falcon Plastics Oxnard Cahf USA All other
materials were obtained as stated previously (Schremer &
Hopen 1979) Hanks balanced salt solution {HBSS) was
used as the main cell suspending medium

Separation of tewkoey es Lenkocytes were 1sofated by
dextran sed and the erythrocy
tes lysed with ammonum chjonde as described pre
viously {Schremer 1978)

Actnanion of plasma Plasma was activated with
zymosan as described previously (Schremer & }aula
1980}

Colchicin Isolated Y din
a solution of 10-6M colchicin 1n HBESS were incubated
for 30 nun at 37 °C immedately prior to each
expeniment  After Incubation the leukocytes were
washed once 1n heparimsed (2 § 1u per ml) physiologt
cal saline and ded 1n HBSS 1 with
human or bovine serum albumin (HBSS/albumn)

Miltipore filter migranon A modification of Boyden's
method (Schremer & Vaula 1980) was used Briefly
leukocytes were sandwiched between two mullipore
filters (pore size 3 pm) and each pair of filters mounted 1n
blind well Boyden type chemotauis chambers For
gradient experiments the test substance was present m
the lower compartment and HBSS supplemented with
2% (v/v) human serum albumin 1n the upper compart
ment For non gradient experiments the test substance 1
HBSS/albumin was present at equal concentrations 11
both compartments The chambers were incubated 1
100% humuduy at 37 °C for 60 mun The kinetics of
leukocyte migration 1n these experiments were determi
ned by photographic in filter counting at different
distances from the cell staritng side of the filter (Scirer
ner 1978)

Tube mugranon Migration of leukocytes in capillary
tubes was studied using the method of Aetchel & Favour
(1955) m our modificaton (Schrencr & Hopen 1979)
Briefly a suspension of 7 x |09 leuhocytes per I
plasma or tn plasma containing & test substance was
aspirated half way Into a hemat crit tube the tube sealed
at the opposite end and centnfuged at 2500 x g for 3
min The tubes were incubated at 37 °C for 3 b and the
distance migrated by the leading front of {eukocyes
from the demarcation of the ce!l button up the iside wall
of the tube was measured in units (72 unus = | mm)
with an ocufar micrometer

Under agarose migration For leukocyte migration
under agarose we used the method presented by M"Sa'; ;”
ol (1975)as modiied by Forsgren & Schmeling (1977)
with the addiuonal modification that the tissue culture
dishes were pre coated with gelan by wetting (he dishes

with an 05% (v/v) aqueous solution of gelatm
allowed to dry Furthermore the cell suspent
medium (HBSS) was supplemented wuh 2% (n
bovine serum albumin Briefly tn each hardened agar
plate 18 wells with a drameter of 2 5 mm were puse
out The wells were arranged with three w each of
radiuses the center to-center distance betw een the %
1n each radius being § mm The outer well in each 3
recenved the attractant (undiluted zymosan actva
plasma) the nuddle well received a suspension of mr
Jeukocytes (adjusted to 1 5 x 1010 granulocytes per
and the mner well recerved a control medim {1
with 2% bovine albumin) After mcubation n 100
humudity at 37 °C the agarose and cells were fixed %
methanol and formaldehyd the agarose layer carth
removed the cells stained with hematoxylin and piett
of the cells projected on a screen where the maur
distance of migration towards as well as away from
sumulant could be measured according to Aclson ¢
(1975)

Stansncal method The Wilcoton rank sign test:
paired samples was used

ytes in Boyde

léukoc!
Fig 1 In filter distnibution of léu o

double filter experiments made under non gradicn!
gradient conditons
a) Cells suspended i HBSS/albumin

fresh plasma ——
b) Cells suspended 1n HBSS/albumin

heat 1nactivated plasma —
) Cells treated with colchicin

not treated ~——

In the non gradient expeniments 106 M FMLP was
present in both compartments In the gradient expert
ments 106 FMLP was present oaly i the Jowet

compartment



RESULTS

anon gradient Boyden millipore etperiments with
06\ FMLP combined with 20% fresh plasma in
oth compartments, nugration was slightly crea-
«d a5 when compared 0 experiments with FMLP
o the absence of plasma In gradient expeniments
vith FMLP mugration was markedly mereased
vhen plasma was present (Fig 12) When the same
ypes of experiments were perfortmed with FMLP 1n
he presence and absence of beat nactivated plasma,
10 noticeable difference mn migration was observed
Fig Ib)

In capullary tube experiments the presence 1 the
#ll suspending plasma of 108 and 10-"M FMLP
hd not mnfluence leukocyte migration as compared
o controls {p >0 1), whereas 10-°M FMLP
educed mugration significantly (p <0 05) 2ymo-
Rn acuvated plasma diluted 1n fresh plasma redu-

+ Colchicin
~Colchicin 3

e

Gntr 0% 107 10©

Units

FMLP(M)

Al

Contr 001 Q01 10 100

Zymosan actvated
plasma (%)

8 2 \igration in cabtlary tihes af et & ~a
M and

50

Ispenged '
pper pa e .
ated plusiig vower panett Leukocyies sy,

peaded
‘esh undiluted plasma (contr ) "

»coueniem £3

1103 3 s
Fig 3 Nigrauon after 130 min incubauon of eolchicin
treated and untreated leukocyles towards (right panel)
and away from tleft panel) undiluted zymosan acuvated
plasma n = 9 Mean migrared distance = SEM

7

ed tube migration of leukocytes (p <0 05) when
the concentration reached 10%,, but not {p>D Dat
1%, or lower (Fig 2)

Migrauon of colchicin treated and untreated
leukocytes was tested i all three systems and
Commpared 1o migration of cells that had been lefi
untreated {n miffipore filter experiments, treatment

o Nt
. - -

field on each level m all fiters from three
experiments (Fig Ic) In capillary wbes (Fig 2)
colchicin treatment reduced letkocyte mugrauon
significantfy (p <0 01} A reduction 1n Mugration of
colchicm treated cells capulary tubes was also
observed when FMLP or zymosan actvated plasma
Was present In under agarose experiments, colchi-
€in treatment seduced levkocyte migration towards
{p <005), as well as avay from (p <(0s)
Zymosan aclivated plasma (Fig 3)

In some under agarose experiments ustng Zymo-
san acuvated plasma as sumulant and § petiods of
tncubation (40, 90, 160, 250 and 360 min), the
kenettes of leukocyte mugration was determined A
counting gnd with boxes each Comprising a true
area of 200 x 100 pm (1 upt area) was

e e
500)
grated (Fig 4) Ap mages of
cach box were counted 1 ghe
ditection towards the stmulant, as well as asay
from 1. The mean counts corresponding botes
from 3 experiments were caleulated and plotted 1 2
O(Zotfml:m sﬁem 2grunst the distance from the weft
¢ Latetal demarcation of the apgre,

= 100 pop (g ppropriate box {1

To be able to compare these findings with

mathemancal models we developed 2 etscat
approach e 3 theon
- ,

on
of cells that had my
cells visible withn

fulters of the following form ’

Y = (Anpys Nlexp~x-vdty4 in



MATERIALS AND METHODS

Blood was drawn from members of the hospital staff and
medical students and heparinised to contain 10 1u per
m! N-formy y (FMLP) was
purchased from Sigma, St Lows, Mo, USA, colchicin
from Merck, Darmstadt, West Germany, tissue medium
199 and HEPES buffer from Fiow laboratories, bovine
serum albumin from Armour Pharmaceutical Co , Ltd ,
Eastbourne, UK, agarose from Litex, Glostrup, Den-
mark and tissue culture dishes (No 3002, 60 x 15 mm)
from Falcon Plastics, Oxnard, Cahif, USA Al other
materials were obtained as stated previously (Schreiner &
Hopen 1979) Hanks' balanced salt solutson (HBSS) was
used as the main cell suspending medium

Separation of leukocytes Leukocytes were 1solated by
dextran and the erythrocy-
tes lysed with ammonium chloride as described pre-
viously (Schreiner 1978)

Acnanon of plasma Plasma was acuvated with
zymosan as described previously (Schreiner & Vaula
1980)

Colchicin Isolated leukocy ded 1n
a solution of 10-6M colchicin 1 HBSS were incubated
for 30 mn at 37 °C immedately prior to each
experiment  After incubation, the leukocytes were
washed once 1 heparmsed (2 5 1u per mi) physiolog:-
cal saline, and ded 1n HBSS 1 d
human or bovine serum albumin {HBSS/albumin)
filter migration A of Boyden's
method (Schremner & Vaula 1980) was used Brielly,
leukocytes were sandwiched between two millipore
filters (pore size 3 pm) and each pair of filters mounted 1n
blind-well, Boyden type chemotaxis chambers For
gradient experiments, the test substance was present in
the lower and HBSS Il d with
2% (v/v) human serum afbumitn m the upper compart-
ment For non-gradient experiments the test substance in
HBSS/albumin was present at equal concentrations m
both compartments The chambers were incubated 1n
100% hunudity at 37 °C for 60 min The kinetics of
leukocyte migration 1n these experiments were determ-
ned by photographic 1n filter counting at different
distances from the cell starting side of the filter (Schre:-
ner 1978)

Tube nugration Migration of leukocytes in capillary
tubes was studied using the method of Aetchel & Fasour
(1955) 1n our modification (Schrencr & Hopen 1979}
Briefly a suspension of 7 x 109 leukocytes per 1 1n
plasma or mn plasma contmming « lest substance, was
aspirated half-way 1nto a hematurit tube the tube sealed
at the oppostte end and centrafuged at 2500 x g for 3
min The tubes were 1ncubated at 37 °C for 3 h and the
distance mugrated by the leading front of leukocytes
from the demarcation of the cell button up the inside watl
of the tube was measured in umits (72 umts = 1 mm)
with an ocufar micrometer

Under-agarose migration  For leukocyte mugration
under agarose we used the method presented by Nelson et
af (1975) as modsfied by Forsgren & Schmeling (1977)
with the additional modification that the tssue culture
dishes were pre-coated with gelatin by wettiog the dishes

Al
p

with an 0 5% (v/v) aqueous sofution of gefatn o
allowed to dry Furthermore the cell suspeng,
medium (HBSS) was supplemented with 2% {y/
bovine serum alburun Briefly, tn each hardened a2,
plate, 18 wells with a diameter of 2 § mm were puny,
out The wells were arranged with three m each of
radiuses, the center-to-center distance between the we
1n each radius being S mm The outer well in each ray,
received the attractant (undiluted zymosan actiyg
plasma), the middle well recerved a suspension of miy
feukocytes (adjusted to 1 5 X 1019 granulocytes pet |
and the inner well received a control medum (Hyg
with 2% bovine albumin) After incubation in 10g:
humudity at 37 °C, the agarose and cefls were fived 4y
methanol and formaldehyd, the agarose layer carefy)
removed, the cells stained with hematoxyln, and pictiyy
of the cells projected on a screen where the maviy;
distance of migratton towards, as well as away from

could be ding to Nefson et g

(1975)
Staustical method The Wilcovon rank sign test fo

paired samples was used
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Fig 1 Infilter distnbuti
double filter expertments made under non g
gradient conditions
2) Cells suspended 1in HBSS/atbumin -
fresh plasma ——
) Celts suspended tn HBSS/albummn -
heat 1nactivated plasma —
¢) Cells treated with colchien - -
not treated ——

10-6 M FMLP wag
n the gradient exper|
lower

In the non gradient experiments
present in both compartments |
ments (08 FMLP was preseat only in the

compartment
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Fig 6 Computer simulated distribution of parucles

according to the equatons (2) (3) (4) and (5} afier one

selected period of tme {160 mia) Consecutive areas of

100 X 200 um are indicated

2} Distribution results from sumulated random mobiity
alone ce x = 0

) Distribution results from constant random mobiliy
plus a directional Nux s¢ B = ©

To avod overloading of the dtustrayon the mial

number N of particles 1s reduced to 1600 For technical

veasons each particle 1s drawn with a considerable sue

160 250 and 360 min) Two sub models were
selected one with stmulated random motlity only
fe x = 0 and one with constans random motility
Plus a chemotactic flux e f = 0
To imutate the under agarose experiments the
particle density i areas of 100 % 200 pm each
corresponding (0 one box of the countng grid used
m the experiments (Fig 4) was counted by the
:0m1m\=r The simulated particle distribution after
PrYp
.
i -

Uy 1wr af anes Alae

SesSuuws i L faand b

tated partcle
consecupve areas (100 x 200 pm) based on equatons
{2 (3} (47 and ($) Each poins on the curves represents
the paricle denstty 1n one area plotted against the
shortest distance from the starting conlfigurauon of the
parucles to the Jaweral demarcauon of the appropnate
area Each curve represents the distribution of densities
from all areas afier one of 5 perods of ume (min} The
arrows indicate movement anay fiom () and towards
{—) the source of the locomotor stimutant
a) Dustrsbution results from sumutated random mobiluty

slone ie x = O

b) Distnbution results from constant random mobihity
plus 2 directonal flux je p = 0

Comparison of the curves resulting from the
experimental results (Fig 5) with the curves based
on the models (Fig 72 and b) shows that the
experimental results are better comparable to the
model m which the particle distribution 1s a
consequence of mcreased random mothty alone
(Fig 73 This indicates that the migraton of
leukocytes under agarose towards a schemataxin ¢
may be the result of stmulated random motility
Tather than of directed migrauon

DISCUSSION

of the mech of Jeuko-
oyte locomotion hampers the interpretation of
results obtained with in vitro methods for measu

nng such locomotion The dufferent conditions
given to the leukocytes 1n various jn viiro assays
make 1 probable that &ifferenm functions are beng

Insulfi &

93
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1 unmit =100 ym

Fig ¢ Sketch of leukocytes migrating under agarose
and supepmposed countng gnd

where p 15 the random diffusion coefficient of
particles (leukocytes) N the mial number of
particles and v the velocity mduced upon the
particles by the chemotactic force To be able to
computer stmulate the kinetics of leukocytes mt
grating under agarose we performed a stochastic
reformulation of this model 1In our version the
particles possess equal time independent mohlity

Ce speru
aea

Fig § Distnbution 1n selected areas (boxes of counting
grid) of leukocytes having migrated for different periods
of tme under agarose Each pomt on the curves
represents the count from one box (mean of 3
experiments) plotted against the shortest distance from
the penphety of the cell contaiming well to the lateral
demarcayon of that box Each curve represents the mean

fter one of 5
nbution of counts from all boxes a
anb a4 fmm) The arrows indicate

)} zymosan
1€ counts 11

% of the mean ranged from 3 Wl w wveraged 67

that 15 their locomotive capacity remams t
changed The displacement of each particle Ar 1
sufficiently limited time tnterval At has v
components the resultant of which being the vect

Or = A+ Ay {

Are 15 a random {(Brownian) component with
two-dimensional Gaussan distribution

flArd = Gapt) Texp(HARY4paD |

Arg 1s a chemotactic vector determned by t
concentration ¢ of the locomotor stimulant

Drg = xVeHt {

where 18 the chemotactic flux coefficient and Ve
the two-dimenstonal gradient of ¢ Both p and
may depend 1n a general way on ¢ However 1
simplified the model by assuming that x
tndependent of ¢ and that p vanes Tinearly with

v=pa+be {

where § 15 the influence of the locomotor stimula
on the random mobulity of each particle { leskol
netic coefficient <)

We also d that the mitial
the locomotor sumulant ¢, the absolute vajue
which s set to | 1s the same yn all expenments ¥
that this concentration decays according ta a M
dimenstonal Gavussian distribution Furthermo!
we d that the tant has
canstant diffusion coefficient D m all locations -
particle movement

The computer simulation of this model 1s 4%
simple using 2 high capacity computer and
subroutine which generates pseudorandorn e
bers After having chosen realistic empirscal
obtamned values for po Band D a start-configu?
tion 1s generated according to the assumed distri®
uon of N particles att = 0 Subsequently &
particle 1s given a small displacement AT cort
sponding to a ime step At and to the equations {
and (3) A very small ume Step 115 chosen so
the change in particle dstribution and the change
the concentration profile of the locomotor stumulz
are insignificant as comnpared 10 the total chang!
duning an under agaros¢ expenment  This P
dure 1s repeated M tmes making the total time |
'~ M At correspond to one incubation penod it
under agarose experiments

In our study Simulafions were performea for
peniods of time corresponding to the incubatic
tames used 1n the under agarose experimer* 140

ol




Fig 6 Computer simulated distribution of particies

according to the equations (2} 3) (4) and () afier one

selected peniod of ume (60 mim) Consecutive areas of

100 x 200 prn are ndscated

4) Distribution resutts from stimulated random mobihity
alone, ¢ x = D

b) Distribunion results from constant random mobihty
plus a direcuonal flux se B - O

To avoid overloading of the Musirauon the mruad

sumber N of particles 1s reduced to 1000 For technical

reasons ¢ach particle ts drawn with a considerable size

160 250 and 360 mund Two sub models were
selected one with stimulated random mottlity only
fe y = 0 and one with constant random motility
Plus a chemotactic flus ie p = O

To imitate the under-agarose experiments the
Pparucte denssty 1n areas ot 100 X 200 pm each
corresponding 10 one box of the counting grid used
m the experiments (Fig 4) was counted by the
computer The simulated particfe distribution after
160 min for nrandome and ndirected « motiity and
the areas counted are shownin Fig 6aand b (To
avold overloading of the the wutial

gy aae——

Ry
Fig 7 Computer ssmulated parucle concentraon in
consecutive areas (100 x 200 pm) based on equations
(2} (3} (4) and (§) Each poinit on the Curves rEpresents
the parucle densuy in one area plotted agsinst the
shortest distance from the startng configuration of the
parncles (o the latral demarcation of the appropriate
area Each curve represents (he distribution of densiues
from all areds afier one of S periods of ume {mun) The
arfows indicate movement away from () and towards
() the source of the locomotor stimulant
a) Distnibution results from stmutated random moblity
alone te x = 0
6} Distribution results from constart tandom mobility
plus a direcsonal flux ie f = 0

Comparison of the curves resulung from the
experimental results (Fig 5) with the curves based
on the models (Fig 7a and b) shows that the
expenmental resulis are better comparable to the
model 1n which the particle distnbution ss a2
consequence of increased random motility alone
(Fig 72) This mdwates that the mugraton of
leukocytes under agarose towards & nchernotaxin
may be the result of sumulated f2ndom mouhty
rather than of directed mgration

DISCUSSION

number of particles (N) is reduced to 1000) The
computer-derived counts from each sub model and
all periods of tme were plotted 1 a coardwate
System n the same manner as for the experimental
results as shown in Fig Taand b

& dge of the of tewka
cyte focomotion hampers the interpretation of

results obtaned wath i Vitro methods for measy
g suth locomwuon The ailferent conditions
g1ven 1o the feukocytes 1n varous in vitrp 2553y5
make 1t probable that dufarent functions are bemg

as



luntt area

1 unit =100 HM

Fig 4 Sketch of Jevkocytes migrating under agarace
and superimposed counting gnid

where p 1s the random diffusion coefficient of
particles (leuhocytes) N the mmual number of
particles and v the velocity induced tpon the
particles by the chemotactic force To be able 10
computer simulate the kinetics of leukocytes my
grating under agarose we performed a stochasuc
reformuiation of this model In our version the
particles possess equal time independent motility

from one bot (mean of J
ne  he chortest distance from

well to the lateral

represents the mean
disterbution of counts 1rom a4 vuxes after one of §
different mncvbauon periods (min) The arrows indicate
miovement away from (<) and towards (—) zymosan
activated plasma The standard devianon of the coums6 17,1
% of the mean ranged from §to 105 and averaged

represents the count

that 15 their locomotine capacity remam
changed The displacement of each particle A
sufficiently limuted time interval At has
components the resultant of which being the'

LY = Are+ Arg

Are 15 2 random (Brownian) component ®
two-dimensional Gaussian distribution

flar) = (4 p) Yexp(Har) M pat)

Arg 15 2 chemotactic vector determned by
1on ¢ of the | stimulant

Arg = xVeAt

Wwhere y 15 the chemotactic flux coefficient and
the two-dimensional gradient of ¢ Both p &t
may depend 1n a general way on ¢ However
stmplified the model by assuming that 3
ndependent of ¢ and that p vanes hnearly »it

p=pt fe

where B 1s the mfluence of the focomotor st
on the random mobility of each particle Inguhc
netic coefficient
Wealso that the mitial
the locomotor stimulant ¢ the absolute value
which 1s set to | 1s the same 1n all expertments 2
that this concentration decays accordmg o a %
dimensional Gaussian distribution  Furthermo:
we d that the lant bas
constant diffusion coefficient D 1n all focations
particle movement
The computer simulation of this model 15 QU
simple using a high capacity computer and
subroutine which generates pseudorandom nuft
bers  Afier having chosen reafistic empiricall
obiatied values for po § and D a start-configutt
tion 1s generated according 1o the assumed dxs\r\b\j
tion of N particles at t = 0 Subsequendy e
particle 15 given a smail displacement At oot
sponding to a time step At and to the equations 2
and (3) A very small ime step At1s chosen so th3
the change 1n particle distribution and the change ¥
the concentration profile of the locomotor stimufa®
are insigmficant as compared o the total chang®
during an under-agarose experiment This procé
dure 1s repeated M times making the total ume tu
= M At correspond to on¢ incubation period 1n the
under agarose experiments
In our study sumulations were performed for H
periods of time corresponding to the incubaudn
times used 1n the under agarose expriment (40 90




Fg 6 Computer simulated disiripution of particles

acootd ng 1o the equations {2) {3) (3) and {5y after one

selected period of ume (160 mn) Consecutive areas ol

100 % 200 pm are ndscated

2) Distribution results from sttmulated random mobiliy
alone ie x = 0

) Distribuuon results from constant random mobility
plus a arectonay PUY e B - ©

To avold overloading of the Musiralion (e tnsal

murber N of particles 15 reduced 10 1000 For technrcal

feasans each particle 1S drawn wth & consderable size

160 250 and 300 mum) Two sub-models were
selected one with stimulated random motility only
te ¥ = O and one With constant tandom motdwy
plus a chemotactc flux je f = 0

To wmitate the under agarose experiments the
paticle densiy 10 ateas of 100 % 200 pm each
@rresponding to one box of the counting gnd used
m the expenyments (Fig 4) was counted by the
computer The simulated particle distnbution after
160 min for » randote and »directed « motiity and
the areas counted are showninFig 6 aand b (To
avad i of the the nmal

Ton wm
Frg 7 Computer umufated paruck concentrauon 1
consecutive areas (100 % 200 pm) based on equatiorts
(2) (3) (4) and (5) Each point on the curves yepresents
the parucle density in ofe area plotted agamnst the
shortest distance from the starung configeration of the
patticles (o the lateral demarcauon of the appropriate
area Each curve represents the distribution of densities
from all areas afier one of $ peniods of ume {min) The
argows 1ndicate movement away from (—) and towards
() the source of the locomotor stimulant.
a) Distaibution testlts from sumntated random mobibity
alone te x = 0
&) Diststbation fesults from constant random moblny
plus 2 darecuonal Nux +¢ B ~ 0

Comparnison of the curves resulung from the
experimental results (Fig 5) with the curves based
on the models (Fig 7a and b) shows that the
experiental results are better comparable to the
model n which the parucle distrbution 1s a
consequence of mcreased random motiny slone
(Fig 72) This mdicates that the mugration of
Ieukocytes under agafose tawards a pchemotagin ¢
may be the result of sumutaied random mouity
rather than of directed migranon

DISCUSSION

(T

sumber of parncles (N) 1s reduced to 1000} The
computer-derived counts from each sub model and
all penods of ume were ploved w a
System 1n the same manper as for the

of the mech, of teuko-
cyte locomotion hampers the taterpretation of

results obtaised with 1 vitre methods for measu

ring such |} The different

fesults as shown i Fig Taand b

given to the I n VaNous fft vitro assays
miake 1t probable that different funcuons are baing



Tunt area
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Fig 4 Sketch of levkocytes migrating under agarose
and supertmposed counting gnd

where p 15 the random diffusion coeffictent of
particles (leuhocytes) N the miial number of
particles and v the velocity induced wpon the
particles by the chemotactic force To be able to
computer simulste the hinetics of leukocytes my
grating under agarose we performed a stochastic
reformulanon of this model In our version the
particles possess equal ume-independent motility

ws

fig § Dhstribution i selected areas (boxes of counting
grid] of feukecyies having mugrated for different penods
of wme under agarose Each pomnt on the curves
repesents the count from one bot (mean of 3
experiments) plotted against the shortest distance from
the penphesy of the cell-containing well to the lateral
Jemarcation of that box Each curve represents the mean
distnbuton of counts front all botes aMer one of 3
diffesent incubauon periods (nyn) The arrows indicate
movement away from {-—) ana lowards oo} 2ymosan

svated plasma The standard deviation of the counts 1n

act 105 and averaged 67

9, of the mean ranged from Sw

that 55 ther Jocomotive capacaty Femans
changed The displacement of each partice At
sufficenty homted ume mterval At bis |
components, the resultant of which being the vet

Ar = A1, 4+ Ags

Afr 1s 4 random (Brownian) component wrb
two-dimenstonal Gaussian distnbution

f(ard = GnptepHArd4pad |

Arg 1s a chemotacuc vector determuned by ¢
concentration ¢ of the locomotor stumitlant

Aty = yVeat (

Where x 15 the chemotactic flux coeflicient and ¥¢
the fwo-dimensional gradsent of ¢. Both p &)
may depend in a general way on ¢ Howewyr ¥
simplified the model by assunung that x!
independent of ¢ and that p vanes hinearly Wb ¢

B= o+ fe 0
where § 15 the mfluence of the locomotor strfart
on the randont mobtity of each particle b leuhe®
netic coefficient«)

We also d that the il
the Jocomotor Stimulant ¢, the absolute vatue of
whuch 1s set to 1, 1s the same 1n alf experiments and
that this concentration decays aodording to a te0
dimensional Gausstan distribution  Furthermor®-
we d that the | 1 lant bas &
constant diffusion coefficient D n ali locatons &
particle movement

The computer simulation of this model 15 qui¢
simple using a high capacity computer and &
subroutinte which generates pseudorandom aum
bers After having chosen reahstic empincall
abtamed values for o, 8 and D a star-configur
tion 15 generated according 1o the assumed Arstries
tton of N particles at t = 0 Subsequently each
particle 15 given a small displacement &1 emf’
sponding 1o a tme step A1 and 10 the equanens {2

non of

and {3} A very smalf ume step At g5 chosen so il

the change i particle distribution and the change 11
the profile of the sumulant
are mstgnificant as compared 10 the total changes
durtng an under-agarose expeniment T proct
dure 1s repeated M tmes making the total ume v
= M At correspond to one meybation period sa te
under-agarose experiments
In our study sumulations Were performed for 5
penods of time  corresponding (o the ipcubation
wumes used 1n the under-agarose expeniment (40 90




tactic factors in these expenments made no diffe
rence In nder agarese expensments  colchun
treated cells migrated 2 sigmficantly shorter distance
wowards as well as away from the stimulant
contaning well Conclusively 1n accordance with
Valerws (1978) we were unable to confirm that
colchion has a selective effect on some spectal
quality of leukocyte locomotion The nhibstory
effect of colchicin on the mugrauon in all systers
used may Tepresent a ponspecific tonic effect as well
a$ an anttubulin effect

In under-agarose experiments (Nefson et al
1975) the merease m leukocyte migration towards
the well contarning the locomotor stmulant 1S
without, spectal evidence considered to be an
expressiont of directed migration Comparison of
our results from under agarose experiments with
the data simulated by a computer on the basis of the
mathematical model presented indicates that the

b of can be

explaned by increase mn leukocyte random motility
caused by tncreasing stimulant concentrations The
‘common concept of leukocyte migration in response
102 grad ent of a shmulant 15 that the locomotion 1s
composed of random motiity and an addinonal
duesied force  According to our model such
kinetics would have resulted 1n profiles such as
shown i Fig 7b which are quite unlike the profiles
denved from our expeniments

Mo mathematical model designed 1o describe
bological events can be accepted without reserva
tion The particles in our computer-simulated model
move in steps rather than continously The parame
ters for diffusion and directed flux are chosen

p y Stnce 1 the the k
tended o congregate at the periphery of the cell
contaming weli the particies in the model were
Started simultaeously at the periphery of the
simulated well without bemng given the option to
Teturn (o the well This last restriction may be an
explanation for the difference between simulated
particle concentration and experimentat cell concen
tration near the starung point {well) The wherent
uncertamties of a model such as the one presented
makes it necessary to be careful wm drawing
conclusions  However even the most critical
interpretation indicates that the & priori accepiance
of 2 non symmetric el distrbution 1 under
2garose experiments as an £ d
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measured It is therefore not very surprising that
for example the abnormal locomotion of leukocytes
from Chediak Higashi patients demonstrable with
filter methods (Clark & Kumball 1971} can not
casily be reproduced using the under agarose
technique (Vefson et al 1975) Differences in results
using the capillary tube technique and the millipore
filter method (Mifler 1974) could be explamned at
least partly by the strong influence of glass
adheston on the leukocyte migration n capillary
tubes (Schreiner & Hopen 1979) Probably also
other physical and chemucal influences such as
varying requirements for deformation of migratmg
leukocytes the kinetics of chemotaxin gradients m
the supporting substratum and aggregation of
Teukocytes may be important

Guven that the locomotor reaction of leukocytes
to a umform concentration of a stimulant s
qualitatively different from the locomotor reaction
of leukocytes when exposed to a gradient of the
same stimulant 1 itro chemotaxis assays should
be able to detect this difference Using casemn as a
stimulant of locomotion and companson of the

for directed migration [n membrane filters such
the millipore type the pores run farely strag
through the filter showing a tortuostty coeffictent
only | 2-1 4 (Ret: 1976) Under such conditions
will depend on the mechanism by which leukocy
sense and react to locomotor stimulants whett
they have the liberty of choosing to migrate towar
the source of the gradient or away from 1t Ift
leukocytes have no hiberty to move away from (
gradient source a directional movement will |
forced upon the celt population A possible 1nterpt
tation of the different degrees of asymmetry
leukocyte distributton when different factors 2
tested 15 that they may reflect only different degre
of random motility the highest of which bewr
induced by activated complement However sinc
the random migration n non gradient experimen
was not impressingly increased by any of t
factors the greater part of the directional comp
nent would have to be explained by 1nfluence of th
fitter structure

In capillary tube experiments the leukocyte
move under non gradient conditions and the:
mode of must therefore be considered

leukocyte mugration kinetics with
models we were able to demonstrate such diffe
rence but unable to attribute the difference to a
directional type of mugration (Schremer & Vaula
1978) However using a new double filter variant
of Boydens method (Bayden 1962) with gradients
of casein 1n the presence of plasma and with
zymosan activated plasma leukocyte in filter distr1
butions were obtained which compared well to the
model for directed nmugration (Schremer & Vaula

be random In our tube experiments migration wa
not d by FMLP n whichan

1 ~ta faramn
3
!

1975) On the contrary 1n a higher concentration
eg 10-M FMLP reduced the distance of migra
tion sigmficantly Also zymosan activated plasma
reduced leukocyte migration in capillary tubes when
the was 10% whereas lower concen

1980) In the present study we rated that
also FMLP which 1s accepted as a strong chemo
taxin {Schiffman et al 1975) needed the presence of
plasma to induce a migrational pattern on the
leukocytes which was comparable with the mathe
matical model Ths effect did not occur when
FMLP was combined with heat inactivated plasma
The moderate asymmetry of the in filter distnbu
tion 1n double filters obtamed with gradients of
FMLP in the absence of plasma may be explained by
increase m leukocyte random motihity as the
leukocytes move towards the source of the gradient
Qur results with IAILP did not confirm that this
agent s a strong low motor stimulant 1n the absence
of plasma The find ng of an mncreased migration of
teukocytes when IMLP is combined with fresh
plasma but not with heat mactivated plasma

d that the d may be due to
activation of complement

The kinetics of leuhkocytes demonstrated 1n
mulhipore filters refiect the smportance of comple
ment in stmulating leuhocyte focomation  but

trations had no mfluence We have no explanation
for the lack of simulatory effect of these factors on
leukocyte tube mugration However the findings
clearly show the non homogeneity of results obtat
ned with different methods The miubutory effect of
locomotion stimulants on leukocyte tube migration
may be explamned by the leukocyte-agg
effect of high concentrations of these factors (O Fla
herty et al 1975)

(lrl\l{lcrotubulcs have been thought to be of selective
importance to directed migration of leukocytes
since leukocytes treated with an antitubuhin such as
colchictn have been reported 1o Jose their ability to
marntain directional movement whereas they sull
moved at random (Gathn er at 1978 W dhinsor 4
Allan 1978) In the present study treatment of
leukocytes with colchicin constderably reduced their
mgragon 1n mullipore filters under non gradient a8
well as under gradient condittons in capillary tubes
i which the 1 I 13
umform treatment wnh.

colchicin reduced lewko
The presence of chemo

4
cannot without reservation be aCOEPlfd as

cyte



tactic factors m these expertments made 1o diffe
rence In under agarose experments colchicn
treated cells migrated a stgnuficantly shorter distance
owards 25 well a5 away from the stmulant
contamnng well Conclusively m accordafice With
Valerus (1978) we were unable to confirm that
colchicm has a selective effect on some special
quality of leukocyte locomotion The nhbitory
effect of colchicin on the mugration n alf systems
used may represent a nonspecific toxic effect as well
as an antiubulin effect

In under agarose experiments (Nefson et al
1975} the wncrease 1 leukocyte migration towards
the well containing the locomotor sumulant 1s
without specal evidence copsidered o be an
expressiot of directed migration Comparison of
our results from under agarose experiments with
the data sumulated by a computer on the basis of the
mathematical model presented indicates that the

of can be

explaned by ncrease 1n leukocyte randor motility
causad by mereasing stmulant concentrations The
common concept of leukocyte migration in response
03 gradient of a stimulant 1s that the locomoton 15
composed of random motility and an additional
directed force According to our model such
kinetcs would have resulted 1n profiles such as
shownn Fig 7b which are quite unlike the profiles
derived from our experiments

No mathematical model designed to describe
brologicat events can be actepted without reserva
tion The particles 1 our computer-simulated model
mave i steps rather than contnously The parame
ters for diffusion and directed flux are chosen
empitically Since in the expenments the leukocytes
tended to congfegate at the periphery of the cell
tomaming wel) the particles 1n the model were
started simultaneously at the persphery of the
simulated well without being given the opton to
return to the well This last restriction may be an
explanation for the difference between simulated
particle concentration and expersmental cell concen
tration near the starting point (well) The inherent
uncertainties of 2 modet such as the one presented
makes 1t necessary to be careful in drawing
conclusions  However even the most crmcal
tnterpretation indicates that the a priors acceptance

of 3 nonsymmewnc cel} distnibuuon 18 under
aRarose

REFERENCES

Boyden S The chemoucuc effect of muxtures of
antbody and anugen on polymorphonuclear leuko
cytes § Exp Med /15 453-466 1962

Clark R A & Kimball H R Defecuve granulocyte
chemotaxss 1 the Chediak Higasht syndrome J
Clin Invest. 50 2645-2652 1971

Forsgren A & Schmeling D Effect of antbiotics on
chemotatis of human leukocytes Anumicr Agents
Chemother 1 580-584 1977

Gattin J { Gallin Elame K Maleck H L & Cramer
Fva 8 Structural and toaw events duewng leukocyte
¢hemotauss In Galln J [ & Que P G {(Eds)
Lenkocyte chemotzxs methods phystology and
chmical imphicatons Raven Press New York 1978
op 123-184

Ketchet M M & Favour C B The acceleration and
ynhibytion of migration of human Jenkocytes in vitro
by plasma protein fractions J exp Med 101 647—
663 1955

Mifer M E Chemotaus and random motitity Chinical
2nd viological differentiation In Sorln £ {E4)
Chemotanis lts biology and biochemstry 1st ed
Anuprouc Agems and Chemotherapy Vol 19
Karger S Basel Monchen Panis London “ew
York and Sydney 1974 pp 338-34%

Netson R DB Que P G & Simmons R L Chemotaus
under agarose A new and simple method for
measuring chemotatis and spontaneous migration of
human polymorphonuclear feukocytes and monocy
tes J Immunot 715 1650-1656 1975

OFlaherty J T Kreurer D L & Ward P 4
Newrophi] aggregauon and swelling induced by
chemotactic agents J Immunol /19 212-239
1975

Ren A R Anassessment of test critena for evaluaung
the performance and integrity of stenilizing filters
Unpubhished Paper presented at the 1976 Anmyal
Parenteral Drug Administraton convenuon No
vember 1976 (Copy recerved from Millipore Corp
Bedford Mass USA)

Rosen G Chemotacur transport theory for neutrophul
leukocytes J Theor Biol 59 371-380 1976
Schiffman E Corcoran B A & Wahl S N N formyl
methionyl peptudes as chemoattractants for leukocy
‘tltgs7;i'rnc nat Acad Sa USA 72 1059-1062

Sthremner 4 16 vitro locomotion of buman leukocytes
Photographically determined distnbution n mult,
pore filters at different incubation tmes Acta Ppath
microbiol scand Sect C 86 117-121 1978

Schrewer A & Yaula D Kinetics of locomouion of

an
leukoeyte migration 1 not justified
—_—

This study was supported by grants from the Morw egran
Research Councit far Science and the Humansties and
from / ater XY *

L O P ”

human
Acta path
biol scand Sect € 84 205-209 1978 b

Schrewner A & Vaula D Kineucs of focomotion of
h;lmzn granulocytes in a doubl
of acuvaung plasma with zymosan and
path mucroblol scand Sect. C 5 zx—?ie I?92‘3‘0:“
Schreiner 4 & Hopen G Adhesion and locomation of
heman leukocytes 1 vitro Imporuance of prote;
coaung Effect of Idocain ethanol and endomx:

e filler system Effect



measured It is therefore not very surprising that
for example the abnormal locomotion of leukocytes
from Chediak Higashi patients demonstrable with
filter methods (Clark & Kimball 1971) can not
easily be reproduced using the under agarose
techmque Welson et al 1975) Dufferences n results
using the capillary tube technique and the millipore
filter method (Milfer 1974) could be explained at
least partly by the strong influence of glass
adhesion on the leukocyte migration 1n capillary
tubes (Schremner & Hopen 1979) Probably afso
other physical and chemical influences such as
varying requirements for deformation of mugrating
leukocytes the Kinetics of chemotaxin gradents 1n
the supporting substratum and aggregation of
leukocytes may be important

Guven that the locomotor reaction of leukocytes
to a uniform concentration of a sttmulant 1s
qualitatively different from the locomotor reaction
of leukocytes when exposed to a gradient of the
same stmulant in 1iro chemotaxis assays should
be able to detect this difference Using casein as a
stimulant of locomotion and comparison of the

for directed migration In membrane filters such as
the mullipore type the pores run fauly straght
through the filter showing a tortuostty coeffictent of
only 1 2-1 4 (Rert 1976} Under such conditions 1t
will depend on the mechamism by which leukocyes
sense and react to locomotor stmulants whether
they have the liberty of choosing to migrate towards
the source of the gradtent or away from 1t If the
leukocytes have no liberty to move away from the
gradient source a directional movement will be
forced upon the cell population A possible interpre
tation of the different degrees of asymmetry 1n
leukocyte distribution when different factors are
tested 1s that they may reflect only different degrees
of random motility the highest of which bewmg
induced by activated complement However since
the random mugration in non gradient eypenments
was not impressingly increased by any of the
factors the greater part of the directional compo
nent would have to be explarned by mfluence of the
filter structure

In capillary tube experiments the leukocytes
move under non gradient condwons and ther
mode of must therefore be co d to

Jeukocyte mugration kinetics with i
models we were able to demonstrate such diffe
rence but unable to attribute the difference to a
directional type of migration (Schremer & Vaula
1678) However using a new double filter variant
of Boydens method (Boyden 1962) with gradients
of casein 1n the presence of plasma and with
Zymosan activated plasma feukocyte in filter distr1
butions were obtained which compared well to the
model for directed mugration (Schromer & Vaula
1980) In the present study we demonstrated that
also FMLP which 1s accepted as a strong chemo
taxin {Scluffman et al 1975) needed the presence of
plasma to induce a mugratiopal pattern on the
leukocytes which was comparable with the mathe
matical model This effect did not occur when
FMLP was combined with heat wnactyvated plasma
The moderate asymmetry of the in filter distribu
tion mn double filters obtained with gradents of
FMLEP 1n the absence of plasma may be explained by
wmcrease 1n leukocyte random motility as the
leukocytes move towards the source of the gradient
Our results with FMLL did not confirm that this
agent 15 a strong locomotor stimulant m the absence

be random In our tube experiments migration was
not increased by FMLP 1n concentrations w hich are
known to significantly sumulate leukocyte Jocomo
tion 1n glass shide experiments (Zigmond 1978) and
i mitlipore filter expenments (Schyfiman ot of
1975) On the contrary in a higher concentration
eg 10¢M FMLP reduced the distance of migra
tion sigmificantly Also zymosan activated plasma
reduced Jeukocyte migration in capillary tubes when
the concentration was 10% whereas lower concen
trations had no mfluence We have no explanation
for the lack of stmulatory effect of these factors o
leukocyte tube migraton However the findings
clearly show the non homogeneity of results obtal
ned with different methods The mhibstory effect of
! ) on Jenk fube mig

yte agg
factors (0 Fla

may be d by the
effect of high concentrations of these
herny et al 1975)

Microtubules have been thought to be of selective
importance to directed migration of leukocytes
since letkocytes treated with an anutubulin such as

colchicin have been reported to lose ther abdity to
directional whereas they stll

of plasma The finding of an ncreased of
Jeukocytes when }MLP 1s combined with fresh
plasma but not with heat mactivated plasma
indicates that the increased nmigration may be due to
activation of complement

The kinetics of leukocytes demonstrated 1n
mullipore filters reflect the smporiance of comple
ment 1n stumulating leukocyte locomotion but

tmoved at random (Galimn et al 1978 ¥ idkinson &
Allan 1978) In the present study treatment of
Jeukocytes with colchicin considerably reduced their
qugration mn milfipore filters under non gradient as
well as under gradient conditions In captllary tubes
10 which the locomotor stmulant concentration 13
vniform  treatment with colchicin reduced leuko
cyte ficantly The presence of chemo

cannot without reservation be accepted as

TR



tactic factors 1 these experiments made no diffe
sence [a under-agarose expenments colchicin
{reated cells mugrated a sigmficantly shorter distance
towards as well as away from the stimulant
containing well Conclusively 1 accordance With
Valeres (1978) we were unable to confirm that
colchicin has a selective effect on some special
qualuy of leukocyte locomotton The mhibitory
effect of colchicin on the mugration m all systems
used may represent a nonspecific tovic effect as well
as an antutubulin effect
In under agarose expertments {(Nelson ef al
1975) the wncrease tn leukocyte migration towards
the well contammng the locomotor stsmulant 15
without special evidence considered to be an
expression of directed mugration Comparnson of
our results from under agarose experiments with
the data ssmulated by 2 camputer on the basis of the
mathematical model presented indicates that the
of an be
explained by increase 1 leukocyte random motihity
caused by increasing sturulant concentrations The
common concept of leukocyte migration In response
toa gradient of a sumulant 15 that the locomotion 1s
composed of random motlity and an additional
Girected force According to our model Such
kinetics would have resulted 1n profiles such as
shownin Fig 7b which are quite unlike the profiles
denived from our expertments
No mathematical mode! designed to describe
biological events can be accepted without reserva
ton The particles i our computes simulated model
Move 1n steps rather than continously The parame
ters for diffusion and directed flux are chosen
ly Since 1n th
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measured It 15 therefore not very surprising that
for example the abnormal locomotton of leukocytes
from Chediak Higasht patients demonstrable with
filter methods (Clark & Armball 1971) can not
easily be reproduced using the under agarose
techmque (Velson et al 1975) Differences 1n results
using the capillary tube technique and the mullipore
filter method (Miller 1974) could be explamed at
least partly by the strong influence of glass
adheston on the leuhocyte migration in capillary
tubes (Schremer & Hopen 1979) Probably also
other physical and chemical influences such as
varying requirements for deformation of migrating
leukocytes the hnetics of chemotaxin gradients m
the supporting substratum and apggregation of
leukocytes may be tmportant

Guven that the locomotor reaction of leukocytes
to a umform concentration of a stimulant 15
qualtatively different from the locomotor reaction
of leukocytes when exposed to a gradient of the
same stimulant 1 yvirro chemotaxis assays should
be able to detect this difference Using casemn as a
stimulant of locomotion and companson of the
leuhocyte mugration hrnetics with mathematical
models we were able to demonstrate such diffe
rence but unable to attribute the difference to 2
directional type of migraton (Schremer & Vaula
1978) However using a new double filter vanant
of Boyden's method (Bayden 1962) with gradients
of casemn i the presence of plasma and with
zymosan activated plasma leuhocyte in filter distri
butions were obtained which compared well to the
model for drected mugration (Schremer & ¥ aula
1980) In the present study we demonstrated that
also FMLP which 1s accepted as a strong chemo
axn (Seiffman et al 1975) needed the presence of
plasma to induce a migratuonal pattern on the
leukocytes which was comparable with the mathe
matical model This effect did not occur when
FMLP was combined with heat mactivated plasma
The moderate asymmetry of the i filter distribu
tion n double filters obtained with gradients of
FMLP 1n the absence of plasma may be explamed by
increase i leuhocyte rand>m motility as the
leukocytes move towards the source of the gradient
Our results with FMLP did not confirm that this
agent 1s a strong locom tor sttmulant in the absence
of plasma The finding of an increased nugration of
leukocytes when FMLP 1s combined with fresh
plasma but not with heat mactnated plasma
indicates that the increased migration may be due to
activation of complement

The kinetics of leuhocytes demonstrated mn
mullipore filters reflect the importance of comple
ment 1n leuhocyte but

for directed migration In membrane filters su
the mullipore type the pores run farly stn
through the filter showing a tortuosity coeffice
only I 2-1 4 (Retr 1976) Under such cond tor
will depend on the mechanism by which keukox
sense and react to locomotor stimulants whe
they have the Iiberty of choosing to migrate tow:
the source of the gradient or away from it If
leukocytes have no Iiberty to move away from
gradient source a directional movement wil
forced upon the cell population A possible inter]
tation of the different degrees of asymmetry
leukocyte distribution when different factors
tested 1s that they may reflect only different degr
of random motility the hichest of which be
induced by activated complement Howerer su
the random migration 1n non gradient expenme!
Was not impressingly ncreased by any of t
factors the greater part of the directional coms
nent would have to be explamed by mfluence of t
filter structure
In capillary tube experiments the leukodyt
move under non gradent conditions and the
mode of migration must therefore be considered !
be random In our fube experiments migraton #¢
not increased by FMLP 1n concentrations which &t
known to sigmificantly stmulate leukocyte locome
tion 1n glass slide experiments (Zrgmond 1978) o
m milipore filter expeniments (Schyfiman ¢t &l
1975) On the contrary 1n a higher concentrat on
eg 106\ FMLP reduced the distance of mLﬂ"
tton sigmficantly Also zymosan activated plasmé
reduced leuhocyte migration in capiliary tubes whet
the concentration was 10% whereas Jower concen
trations had no mfluence We have no etplanation
for the lach of stimulatory effect of these factors on
{euhocyte tube mugratton However the findings
clearly show the non homogeneity of results obmr
ned with different methods The mhibitory effect o
locomotion stimulants on leukocyte tube nngraua:
may be explamed by the leukocyte acgregatin
effect of high concentrations of these factors (0 Flz
1 al 1975)
qu\,:xct;‘mubul& have been thought to be of selectne
importance to directed mugration of leuu\cﬂﬁ‘
since leukocytes treated with an antitubuhin such l&
colchicin have been reported to lose their ability ](]’
maintain directional movement whercas they “k
moved at random (Gallint et al 1978 Wiikinson :
Alffan 1978) In the present study treatment or
leuhocytes with colchien considerably reduced lh:l‘
migration 1n nmthpore filters under non gr:n‘h:n;cS
well as under gradient conditions In capillary tu! .
m which the

ko
tment with colchicin reduced leul
o 2t The presence of chemo

cannot without reservation be accepted as
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towards as well as away from the sumulant
somamsng well Conclusively, 1n accordance with
Valernus (1978) We were unable 10 confirm that
elchitin has a selecuve effect on some special
qualtty of feukocyte locomotion The nhibatory
effect of colchucnt on the migration n all systems
used may represent a nonspecific toxic effect a2 well
2s an antitubutin effect

Tn under agarose experiments (Nelson et al
1975) the increase 1 leukocyte rigration tow ards
the well contaming the Jocomgtor sumulant 1§
without special evidence considered to be an
expeessiant of directed mugrauon  Companson of
our results from under agarose expenments with
1ht data symulated by a computer on the pasis of the
mathematical model presented indicates that the

distrib of leuk can be

esplaned by increase 1n leakocyte random motlity
caused by ncreasing steemutant concentrations The
cummon concept of feukocyte migration in response
@ agradunt of a sumulant 15 that the flocomotion 1s
composed of fandom motility and an addinonal
directed force  According to our model, such
kuinetics would have resulted m profiles such as
stownin Fig Tb which are quite unhike the profiles
derved from our experiments

No mathematical model designed to describe
biological events tan be actepted Without reserva
tion The particles 1n our computer-simulated model
Move 1n Steps rather than conunousty The puame
ters for diffusion and duected flux are chosen
empitically Since 1n the experiments the leukocytes
feaded to congregate at the periphery of the cell
cantang well the parucles in the model were
started simultaneously at the peniphery of the
sintufated well without bemng given the option 1o
TeWrn to the well This 1ast restriction may be an
explanation for the difference tetween Simulated
PRl anivetrivon aria experimentil ¢4 concen
tration near the starting point (well) The inherent
uncertainties of 4 model such as the one presented
makes 1 necessary 1o be carefu) 1 dram ng
conclusions  However even the most critical
nterpretation Indicates that the g priort acceptance

of ' non symmetnic cell distribution in under
3garose e asan
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measured It 1s therefore not very surprising that,
for example, the abnormal locomotton of leukocytes
from Chediak-Higashs patients demonstrable with
filter methods (Clark & Kimball 1971) can not
easily be reproduced using the under-agarose
technique (Velson ef al 1975) Differences n results
using the capillary tube technique and the millipore
filter method (Milfer 1974) could be explained, at
least partly, by the strong mfluence of glass
adhesion on the leukocyte migration mn capillary
tubes (Schremer & Hopen 1979) Probably also
other physical and chemical influences such as
varymng requirements for deformation of migrating
leukocytes, the kinetics of chemotaxin gradients 1n
the supporting substratum, and aggregation of
leukocytes may be important

Given that the locomotor reaction of Jeukocytes
to a umform concentration of a stmulant s
qualitatively different from the locomotor reaction
of leukocytes when exposed to a gradient of the
same stimulant 1 vifro chemotaxis assays should
be able to detect this difference Usmng casein as &
stimulant of locomotion and comparison of the

for directed migration In membrane filters suchas
the mullipore type, the pores run faily straight
through the filter showng a tortuostty coefficient of
only 1 2-1 4 (Rert 1976) Under such conditions 1t
will depend on the mechanism by which levkoqtes
sense and react to locomotor stimulants Whether
they have the Iiberty of choostng to migrate towards
the source of the gradient, or away from it Ifthe
{eukocytes have no liberty to move away from ihe
gradient source, a directional movement Wil be
forced upon the cell population A possible interpre
tation of the different degrees of asymmetry
leukocyte distributton when different factors are
tested, 15 that they may reflect only different degress
of random motity, the highest of which bewng
induced by activated complement Howener singe
the random mugration 1n non gradtent experimenis
was not impressingly wncreased by any of the
factors, the greater part of the directional compe-
nent would have to be explaned by mfluence of e
filter structure

In capillary tube experiments, the leukocytes
move under non-gradent conditions, and they
mode of ‘must therefore be considered 10

leukocyte migration kmetics with hematical
models we were able to demonstrate such diffe-
rence, but unable to attnbute the difference to a
directional type of mugration (Schremer & Vaula
1978) However using a new double-filter variant
of Boydens method (Boyden 1962) with gradients
of casern n the presence of plasma and with
zymosan-activated plasma, leukocyte mn-filter distri-
butions were obtained which compared well to the
model for directed mugration (Schremer & Vaula
1980) In the present study, we demonstrated that
also FMLP, which s accepted as a strong chemo-
taxin (Schuffman et al 1975), needed the presence of
plasma to induce a mugrational pattern on the
leukocytes which was comparable with the mathe-
matical model This effect did not occur when
FMLP was combined with heat inacuvated plasma

The moderate asymmetry of the m filter distribu-
tion in double filters obtamed with gradients of
FMLP 1n the absence of plasma may be explatned by
mcrease n leukocyte random motilty as the
leukocytes move towards the source of the gradient

Our results with FMLP did not confirm that this
agent 1s a strong locomotor stimulant in the absence
of plasma The finding of an increased migration of
leukocytes when FMLP 1s combined with fresh
plasma, but not with heat Inactivated  piasma

indicates that the increased migration may be due t0
activation of complement

The hnetics of leukocytes

mullipore filters reflect the 1mpo;
ment in stmulatmg leukocyte

demonstrated n
riance of comple
tocomotion  but

be random In our tube experiments migration %2
not mereased by FMLP 1n concentrations whichare
known to sigmificantly stimulate jeukocyte locorae
tion 1n glass shde experiments Zigmond 1978) and
in millipore filter experiments Scluffman ¢ o
1975) On the contrary, i a mgher concentration
eg 10-6M, FMLP reduced the distance of miER
tion significantly Also zymosan activated plasma
reduced leukocyte migratton m capillary tubes whet
the concentration Was 10%, wheseas lawet coneen
trations had no mfluence We have no explanation
for the lack of simulatory effect of these factors O
leukocyte tube mugration However, the findings
clearly show the non-homogeneny of results obtal
ned with different methods The \nhibitory effect @
ocomotion strmulants on feukocyte tube migration
may be explamed by the leukocyte aggrtsfi;;;%
effect of high concentrations of these factors (0

herty et al 1975)
Microtubules have been thought t0 l;c laf ie;:;le‘:
d mugraton of leu
mportance 10 difecte g e

colchiein, have been reported to lose their 2 i
Il , b heur ability 10

maimtain directional movement,
moved at random (Gatfm et al 1978 W:lAm:ln :l‘
In the present study treatme:
oo ‘97i‘uh o bly reduced thei’
;:ngral;on 1n mitlipore filters under non gradient a8
well as under gradient condstrops In capillary tubofS
lant

1 which the t )
ment with colchicin reduced Jeuko
e aton ficantly The presence of chemo-

A
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tactic factors 1 these experiments made no diffe
rence In under agarose expeniments colchicin
treated cells migrated a signuficantly shorter distance
towards as well 25 away from the stmulant
contauping well Conclusively, 1o accordance with
Valerws (1978) we were unable to confirm that
colchucin bas a selecuve effect on some spectal
quality of Jeukocyte locomotion The mhibitory
effect of colchicin on the pugration In al} systems
used may represent & nonspecific toxic effect 25 % ell
as an antuwbuln effect

In under agarose expertments (Netson et af
1975) the sncrease tn leukocyte migration towards
the well contanng the Jocomotor symulant 15
without spectal evidence considered to be an
expression of directed gugration Comparison of
our results from under agarose expenments with
the data ssmulated by a computer on the basis of the
mathematical model presented 1ndicates that the

d of leuk can be

explained by increase 1n leukocyte random motshity
caused by increasing sumulant concentrations The
common concept of lewkocyte migration 1n fesponse
o a gradient of a stimulant 1s that the locomotion 1S
composed of random motility and an additional
duected foree  According o our wmodel such
kinetics would have resulted 1 profiles such as
shownin Fig b which are quite unlike the profiles
denved from our experuments

Mo mathematical model designed to describe
biojogical events can be accepted Without reserva
ton The particles 1 our computer simulated model
move m steps rather than continously The parame
ters for diffusion and diected flux are chosen

p y Stnce 1n the the
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measured It is therefore not very surprising that,
for example, the abnormal locomotion of leukocytes
from Chedizk-Higash: patients demonstrable with
filter methods (Clark & Kimball 1971) can not
eastly be reproduced using the under-agarose
technique (Nelson e af 1975) Differences in results
using the capilfary tube techmque and the miilipore
filter method (Miller 1974) could be explawmed, at
least partly, by the strong nfluence of glass
adhesion on the leukocyte migration n capiliary
tubes (Schretner & Hopen 1979) Probably also
other physical and chemical influences such as
varying requirements for deformation of migrating
Jeukocytes, the kmetics of chemotaxin gradients 1n
the supporting substratum, and aggregation of
leukocytes may be important

Grven that the locomotor reaction of leukocytes
to a unform concentrayon of a stmulant 15
qual ely diff from the I reaction
of leukocytes when exposed to a gradient of the
same stimulant, 1 virro chemotaxis assays should
be able to detect this difference Using casein as a
stimulant of Jocomotion and comparison of the
leukocyte migration kinetics with mathematical
models, we were able to demonstrate such diffe-
rence, but unable to attnbute the difference to a
directional type of mugrauen (Schreiner & Vaula
1978) However, using a new double filter vanant
of Boyden's method (Boyden 1962) with gradients
of casem 1n the presence of plasma, and with
zymosan-activated plasma, leukocyte n-filter distri-
butions were obtamned which compared well to the
model for directed migration (Schremer & Vaula

for directed migration In membrane filters suchas
the muiltpore type, the pores run fanly straght
through the filter showing a tortuosity coefficientof
only 1 2-14 (Ret 1976) Under such conditons.
wilf depend on the mechamsm by which Jeukocytes
sense and react to locomotor stimulants whethr
they have the liberty of choosing to migrate towards
the source of the gradient, or away from . if the
feukocytes have no Liberty to move away from the
gradient source, a directional movement Wit b
forced upon the cell population A possible interpse:
tatton of the different degrees of asymmety m
feukocyte distribution when difTerent factors art
tested, 1s that they may reflect only different degeess
of random moglity, the highest of which beng
induced by activated complement Howeser s
the random migration m non gradient expenmens
was not impressingly mcreased by any of ¢
factors, the greater part of the darectsonal compe
nent would have to be explained by mfluence of e
filter structure

In capillary
move under non gradient condiions
mode of mig: must be con:
be random In our tube experiments, migration H
niot wncreased by FMLP 11 concentrations »isth e
Kknown to significantly stimulate teukocyle focora
tion 1n glass shde expenments (Zigniond 1978) 2
i millipore filter expersments (Schffman @ ¢
1975} On the contrary, 1 a higher contentratdt
eg 10-6M, FMLP reduced the distance of wge
tion significantly  Also zymosan aCtwated plasmé
reduced leukocyte migration in capiiiary tubes wher
the jon was 10%, whereas lowet conoen

tube expertments the lewkocte
and et
Sered

1980 In the present study, we & rated that
also FMLP, which 1s accepted as a strong chemo
taxin (Schuffiman et al 1975), needed the presence of
plasma to induce a mugrational pattern on the
leukocytes which was comparable with the mathe-
matical model This effect did niot occur when
FMLP was combined with heat inactivated plasma
The modetate asymmetry of the m filter distribu
tion 1n double filters obtamned with gradients of
FMLP 1n the absence of plasma may be explatned by
increase tn leukocyte random moetility as the
leukocytes move towards the source of the gradient
Our results with FMLP did not confirm that this
agent 1S a strong locomotor sumulant m the absence
of plasma The finding of an 1ncreased migration of
leukocytes when FMLP s combined with fresh
plasma, but not with heat-inachvated plasma

d that the d mig may be duc 1o
acuvation of complement

The kinetics of Jeukocytes de

monstrated 10

mullipore filters reflect the xmponfinoe os ccmx:\e‘;
i O
pl ed as evidence

cannot without reservation be aeoept

QA

trations had no influence We have no explanator
for the Iach of sumulatory effess of these factors of
Jetkocyte tube migranon However. the ﬁnd;;sX
clearly show the non pomogeneity of results lToect '
ned with mﬁerem‘ m'e\t:,o:f The a)z:hxllv‘::;r{n :Smm'
the leukocyte aggregating
( these factors (0 Fld

may be explamned by
effect of high mn)cemramns o
herty ¢t al 1975
! ;:{nc‘;o\ubules pave been thought to be of SEIeC_!(le\s‘
imporianee o ditected mugration of Ieukoﬁh&
since feukocytes treated with an antgubult, SUC >
colchicin, have been seported to lose their abmlym
moamtain directional movement wherea.,s they sl 4
moved at random (Galln ef al 1978, Witkinson
Allan 1978} In the present study (featmenlho'
teukacytes with colchscin considerably reduced ‘(2
migraton 10 mulhipore filters under non gradrcrxb6
wielt as under gradient conditions In capitlary W :
yn which the locommotor stimufant wncentra;uor)l( x
ynuform, treatment with colchiein reduoe;_i hel:'n :
cyte migration significantly The presence of che!



tactic factors n these experments made no diffe
rence In under agarose experiments cofchicin
treated cells mugrated a significantly shorter distance
towards as well as away from the stimulant
contaung well Conclusively 1n accordance with
Valerus (1978) we were unable to confirm that
 colchicin has 2 selective effect on some special
quality of leukocyle locomotion The inhibitory
effect of colchicin on the migration 1n all systems
used may represent a nonspecific toxic effect as well
| as an antitubulin effect
In under agarose expeniments (elson et al
1975) the ncrease m leukocyte migration towards
the well contammg the locomotor sttmulant 1s
 withoul specal evidence considered fo be an
 expression of directed migration Companson of
 our results from under agarose experiments with
| the data simulated by a computer on the basis of the
mathematical model presented indicates that the
of can be
explaned by increase in leukocyte random motthity
caused by 1ncreasing stunutant concentrations The
common concept of leukocyte migration in response
to a gradient of a sumulant is that the locomotion 15
composed of random motlity and an additional
directed force  According to our model such
kmeucs would have resulted m profiles such as
shownm Fig b which are quite unlike the profiles
derved from our experiments
No mathematical model desigred to describe
biological events can be accepted without reserva
tion The particles 1n our computer simulated model
move In steps rather than coptinously The parame
ters for diffusion and durected flux are chosen
pirically Stace i th the
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uncertainties of 2 model such as the one presented
makes 1t necessary to be careful 1n drawing
conclusions  However even the most critical
Interpretation indicates that the a priori acceptance
©f a non symmetric cell distribution i under

agarose experiments as an of d

Paper presented at the 1976 Annual

Parenieral Drog Admimstraton comvenuon ho
vember 1976 (Copy received from Millipore Corp
Bedford Moss USA}

Rosen G Chemotacuc transport theory for neutrophil
teukocytes ) Theor Biot 59 371-38¢ 1976
Schiffman E Corcoran B A & Wahi § N N formy!

methionyl.nentides. s chemeaantacante. fu, 'rdiary
Isul’roc Natl Acad Sa USA 72 1059-1052
Schremer A In vitfo locomotion of human leukocytes
Photographically determined distnbuton m mlls
pore filiers 21 different incubavon umes Acta path
microbiol scand Sect C 86 117-12] 1978
Schremer 4 & Vaula D Wineucs of locomotion of

leukocyte migration 1s not Justified

Thes $tudy was supported by grants from the Aarw, egtan

:mr(h Council for Science and ihe Humanys es ant
rom 1 U B

Ore

human Acia path
biol scand Sect € 86 205-209 I‘J‘Ig e
Schrener A & Vaula D Kineuss of focomotion of
human granulocytes 1n a double filter system Effect
of acuvaung plasma with Zymosan and casetn Acta
Path mucrobiol scand Sect. C 8§ 83-88 1980
Schreiner A & Hopen G Adhesion and locomotion of
human leukocytes 10 vitro Importance of protein
coaung Effect of hdocamn ethanol and endotoxm



measured It 1s therefore not very surprising that
for example the abnormal locomotion of leukocytes
from Chediak Higashi patients demonstrable with
filter methods (Clark & Kimball 1971) can not
eastly be reproduced using the under agarose
technique (Nelson et al 1975) Dufferences in results
using the capillary tube technique and the millipore
filter method (Mller 1974) could be explamned at
least partly by the strong influence of glass
adheston on the leukocyte mugration n capillary
tubes (Schreimer & Hopen 1979) Probably also
other physical and chemical influences such as
varying requirements for deformatton of migrating
leukocytes the kinetics of chemotaxin gradeents 1n
the supporting substratum and aggregation of
leukocytes may be important

Gaven that the locomotor reaction of leukocytes
to a uniform concentration of a stmulant 1s
qualitatively different from the locomotor reaction
of leukocytes when exposed to a gradient of the
same stimulant 7 vitro chemotaxss assays should
be able to detect this difference Using casemn as a
stimulant of locomotion and comparison of the
leukocyte migration Kimetics with mathematical
models we were able to demonstrate such diffe
rence but unable to attribute the difference to a
directtonal type of mugration {Schremer & Vaula
1978) However using a new double filter varrant
of Boydens method (Boyden 1962) with gradients
of casein 1n the presence of plasma and with
zymosan activated plasma leukocyte i filter distr
butions were obtained which compared well to the
model for diected migration (Schremner & Vaula
1980) In the present study we demonstrated that
also FMLP which 1s accepted as a strong chemo
taxin (Schuffman et al 1975) needed the presence of
plasma to induce a migratonal pattern on the
leukocytes which was comparable with the mathe
matical model This effect did not occur when
FMLP was combined with heat mactivated plasma
The moderate asymmetry of the n filter distribu
tion 11 double filters obtained with gradients of
FMLP 1n the absence of plsma may be explained by
inerease I leukocyte random motility as the
leukocytes move towards the source of the gradient
Our results with FMLP did not confirm that this
agent 15 a strong locomotor sumulant in the absence
of plasma The finding of an increased mugration of
leukocytes when FMLP 1s combined with fresh
plasma but not with heat mactivated plasma
indicates that the mcreased migration may be due to
activation of complement

The kinetics of leukocytes demonstrated i
millipore filters reflect the importance of comple
ment m stmulatmg lenkocyte locomoation but

for directed migration In membrane filters such
the mullipore type the pores run faly stray
through the filter showing a tortuosity coefficent
only 1 2-1 4 (Reri 1976) Under such conditions
will depend on the mechamsm by which leukocy
sense and react to locomotor stmulants whet
they have the liberty of choosing to migrate tosa
the source of the gradient or away from it 1
leukocytes have no liberty to move away from
gradient source a directional movement will
forced upon the cell population A possible interp
tation of the different degrees of asymmetry
leukocyte distribution when different factors
tested 1s that they may reflect only dafferent degr
of random motility the highest of which be
nduced by activated complement Howeser §:
the random mugration tn non gradient €xperime
was not impressingly creased by any of
factors the greater part of the directional com
nent would have 1o be explated by mfluence of
filter structure
In capillary tube experiments the Jeuhocy
mose under non gradient conditons and th
mode of migration must therefore be constdered
be random In our tube experiments migraon¥
not increased by FMLP n concentrations which!
known to significantiy stmulate leukocyte Jocon
tion 1n glass shide expertments Zigmond 1978) ¢
1n mllipore filter experiments (Schffman &
1975) On the contrary in 2 higher concentrati
eg 10-M FMLP reduced the distance of me
tion significantly Also zymosan activated plast
reduced leukocyte migratton 1 capiilary {ubes &b
the concentration was 10% Whereas lower cond
trations had no mfluence We bave 5o explanat!
for the lack of stmulatory effect of these factors
leukocyte tube mugration However the fmd!;!
clearly show the non homogeneity of sesults obt
ned with different methods The inmbitory effect
locomotion stimulants on Jeukocyte tube migratt
may be explawed by the Ieukocyteaggrtga;;
effect of high concentrations of these factors (0
1 al 1975)
Im}:{zc‘;ombules have been thought to be of select
mporiance to directed mgration of leukoc;;lll
since jeukocytes treated with an antitubulin suc!
cofchicin have been reported 1o Jose thesr abihity
mamtam directional moyement Wwhereas they st
moved at random (Gallin et al 1978 B ukinson
Aflan 1978) In the present study treatment
¥ with colch bly Wd“':d rlgll“
n 1n rilltpore filters under non gradient:
:vn:ﬁr::lznder grad?;u conditrons In capiitary tube
1n which the lant
uniform  treatment wnh‘

Y
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THE CELLULAR REACTION IN NORMAL
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INTRAPERITONEAL GLUCAN INJECTION
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Olszd R & Seljehd R The celular reaction m mormal and tumour beating mice following
Intraperttoneal glucan imjection Acta path mucrobiol scand Sect C 8§ 97-101 1980

The effect of a single wtraperitoneal injection of yeast glucan sn C3Dz mice was studied The optimal
dose for the tnducuon of a cellular exudate was 0 4 mg/kg producing 17 6% 10 cells on day 7 afier
Injecion The number of T-cells B-cells and macrophages mn this exudate was analysed by the use of
morphalogy immunofluorescence and the non specific esterase staming An 1ncrease 1n both T-cells B
cells and macrophages was found after glucan injection There was an 8 fold tncrease 1n macrophages
but the ncrease lasted only 14 days The increase i T-cells was smaller but lasted at least 35 days
The effect of pretreatment with glucan on the development of an jnoculated syngenec methyl
cholanthrene tnduced sarcoma was studied No effect on tumour take could be demonstrated but

d flerences 1n T cell B-cell and macrophage content of the developing tumour were found A striking
feature was a prolonged 1ncrease 1 umour T-cell content

Key words Glucan macrophage mouse tumour
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Since Riggr & DiLuzio m 1961 (18) 1solated the
active sumulant of the reticuloendathebial system .
Iymosan - a high molecular werght $1-3 glucan
Commonly referred to as » ghucan < — much interest
has been assigned to the bological properties and
especrally 1o the anutumour effect of this carbohy
rate
The effect has been m
many expenimental tumour systems in aAnimals
Such as Shay myelogenic leukaemsa 1n rats (§)
asatic sarcoma $80 (14) L 1210 leukaema (3) and
M 109 tung carcinoma 1n muce (20} Glucan also
Tducad regression. when wnjected 1nto dufferent
- L}

tesponsiple 1or this eflect 1s unknown

To elucidate this problem we have studred the
cellutar composition of exndate 1pduced by 1ntrape
oneal injection of plucan We have also tested the
effect against a syngeneic ascrtes tumour and have
estmated the celfular composition 1n peritoneam at
different stages after injection of ascitic tumour 1n
mice pretreated with glucan

MATERIALS AND METHODS
Mice
Male C3D,Fy hybrids CHMF
@ X DBA/2 -
loz r:z: ?ld ;én—ug) at the start of the upemdn,e:vs
o1
s © both tumetr mamtimance and for glucan
Tumour

A syngenerc methyich
ylcholanthrene induced
MCIM a0 1) I9D‘1§||sedma]|meupgnme:urm1":
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THE CELLULAR REACTION IN NORMAL
AND TUMOUR-BEARING MICE FOLLOWING
INTRAPERITONEAL GLUCAN INJECTION
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Oisiid R & Seheld R The cellular reaction i norma] and tumouf bearng mKe following
Intraperitoneal glucan injecuon Acta path microbuol scand Sect. C 88 97-101 1980

fect of a single intraperitoneal nyection of yeast glucan 1 C3D» mice was studied The opumal
I::geg\' the |ndsuc§on of zpzllulzr etudate was 04 mg/kg producng 17 6x 108 cells on day 7 afier
injection The number of T-cells B-cells and macrophages 1n this exudate was analysed by the use of
morphology immunoftuorescence and the non specific esterase staiing An ticrease 1o both T-cells 8
cefls and macrophages was found after glucan injection There was an § fold tncrease 19 macrophages.
but the 1ncrease tasted only 14 days The tnerease 1a Tcells was smaller but lasted at least 3§ days
The effect of pretreatment with glucan on the development of an inoculated syngeneic methyb
cholanthrene 1nduced sarcoma was studied No effect on tumour take could be demonstrated but
differences in T-cell B<ell and macrophage content of the developing tumour were found A siriking
feature was a prolonged increase n tumour T-cell content

Key words Glucan macrophage mouse tumour
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Since Riger & DiLuzio m 1961 (18) 1solated the
active stimulant of the reticuloendothelial system 1n
Zymoszn — a high molecular weight g1-3 glucan
commonly referred to as »glucan < ~ much taterest
525 Been assigned (o the Biological properties and
especially 10 the anutamour effect of this carbohy
drate

The effect has been d m
many expenmental tumour systems in antmals
such as Shay myelogenic leukzemna m rats (5)
asatic sarcoma 180 (14) L 1210 leukaemia (3) and
M 109 tung carcimoma in muce 20) Glucan also
Induced regression When wmyected 1ato different
buman wmours (15 Gluran teatfh e

nown

To elucidate this problem we have studied the
celtutar composiuon of exudate mduced by ntrape
fitoneal injecuion of ghican We have also tested the
effect agamnst a syngenec ascites tumour and have
estimated the eeflular composstion in perstonenm ax
different stages after wnjection of ascitic tumour 1
s pretreated with glucan

MATERIALS AND METHODS
Mice
Malsenr o~ .t -
101 . ..
wer
expe
Tumour

A Syngeneic methylcholanthrene induced sar
MCIMU0 11 Shmasused m all the upcnmtnucoTr::
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AA subline grows 1n an ascttes form when inoculated 1n
doses higher than 105 viable twmour cells With lower
noculation doses some amimals develop a solid tumour
at the site of the tnoculum probably because of leakage
of tumour cells after inoculation The tumour 15 weakly
immunogeneic judged by the fact that inoculation of as
few as 5 x 102 viable cells give progressive sohd tumour
growth 1n approximately 80% of the ammals The
tumour was maintained n the ascites form by weekly
transfer of 0 $-1 ml of ascites

Glucan

A B1-3 yeast cell wall glucan was the gift of Professor
Jant Raa University of Tromse Norway

The glucan was suspended in phosphate buffered
saline (PBS) 1n a concentration of 1 mg/ml and sonicated
with a MSE sopicator for 45-60 seconds at medium
power The stock solution was sterilized by boiling and
stored at 4°C 1f stored for more than 2 week the
suspension was resonicated before use Appropnate
dilutions of the stock solution were made prior to
mjection so that the injected volume was constant

Chemucals

The medium used for cell wasting was Eagles
mimmum essential medum supplemented with Hepes
boffer (MEM Hepes) obtamed from Gibco Grand
Island New York USA Heparin was purchased from
Nyegaard & Co Oslo Norway rabbit anti mouse brain
antibody from Cedarlane Ltd Wellington Rd S
London Canada rabbit immunoglobulin from Mann
Research Laboratories Inc  New York USA tetrame
thyl rhodamine 1sothtocyanate {TRITC) from Baltimore
Buological Lab  Cockeyesville Maryland USA fluore
scem isothiocyanate (FITC) from koch Light Lab
Colnbrook  Buckinghamshire England human IgG
from Kabt Stockholm Sweden sepharose from Phar
macia Fine Chemucals Uppsala Sweden and statning
solutions for May Grunwald Giemsa stamning from
Merck Darmstadt West Germany For nonspecific
esterase staiming bastc fuchsin was obtained from Koch
Light Lab  a naphtyl acetate from Sigma Chemical Co
St Lowts Maryland USA and methyl green from Difco
Lab Surrey England

Antbodies
The FITC Flab) goat ants mouse Ig was produced

purified and conjugated with fluorochromes as described
by Hannesiad & Gaudernack (9) Sheep ant rabbit Ig
was produced by immunization of sheep with rabbit Ig
precipitated with S0% saturated ammonium sulphate

punified by binding to and elution from rabbit [gG hnked
to sepharose and conjugated with TRITC as described
by Berggusi & Nidsson {1) Al antubodies were
1nactivated at 56 °C for 30 minutes and dituted m MEM
containing 10 mg/m! human IgG aggregated at 63°C
for 10 mynutes to block the Fc recentors of the cells The
optimal dijuuons of each antibody were titrated separa

tely

Cotlectton of Cells
Amimals were killed by overdoses of ether and

peritoneal exudate cells (PEC) or astites tumour suspen

Stons were collected by aspiration followtng the injecy
of 2 ml phosphate buffered saline with heparmn (15 Iy
ml) Cells were counted 1n a Burker haemacytometer A
Cell suspensions were washed with MEM Hepes Vit
Iity of cells was tested by trypan blue exclusion T1
viabihty of PEC was usually higher than 95% T
tumour cell viability decreased to about 85% within
few hours of collection but then remamed consty
h the i procedure

Identification of Cells

Theta positive celis (T cells) and surface [g posuy
cells (B cells) were 1dentified by tmmunofluorescence a
follows Suspensions of PEC or ascites cells fron
tumour bearing mice were collected and washed o
with MEM hepes Tumour cell suspensions which wen
visibly bloody were excluded from the expeniments Cell:
were counted and 106 cells were incubated at 4 °C for §¢
minutes With 50 pl rabbit antt mouse bratn antibody
They were then incubated with S0 ul FITC F (ab )z gost
anti mouse Ig for 30 minutes at 4 °C Finally the cells
were incubated with 50 pt TRITC sheep ants rabbit Iy
for 30 munutes at 4°C Between and after the
ncubations cells were washed with MEM and finally
suspended 1n 50 pl MEM

The cells were exarmned immediately after mncuba
ton At least 300 cells were counted 1 a Leitz Orthoplan
microscope equipped with Osram HBO 200 mercury
lamp and the Ploemopak 2-1 vertical illumnator The
filter combinations recommended by Ploem were used
(17) together with Leitz od objective 40/12 wih
peniplan GW 6 3% eye preces This method permuted
simultaneovs counting of FITC postve (B cells) and
TRITC positive cells {T-cells) by changing filter combt
nations

Immunofluorescence was always carried out with
normal spleen and thymus cell suspensions as controls
Prior to use the red cells 1n spleen acd thymus
suspensions were haemolysed with 0 14 M NH4CI for
10 minutes at room temperature By this method 93~
97% of thymus cells were TRITC positive 38-42% of
spleen cells were TRITC postuive and 45-48% FITC

positive Repeated experiments on seven 1dentical samp
~n nrangeo

140 2

' fied by

morphological critera n May Grunwald Giemsa $tat
ned smears and by the non specific esterase staining Q4

RESULTS

Cellular Composttion of Peritoncal Exudate after a
Stngle Intraperitoneal Injection of Glucan

The first set of experiments was carried out 10
determine the optimal dose of glucan for nduction
of cellular exudates 1n the peritoneal cavity Groups
of 12 mice were myected intraperitoneally with 2§
g Spg T5pg 10 pe 25 pg and 100 pg per
mouse, and a control group was given PBS Two
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DOSE OF GLUCAN INPBS sy PER MOUSE
Fig 1 Total pumber of cells m perttoneal exudates 7
days after a single imjestron of various dases of glucan
Mean and range of duplicates are stated

mice from each group were kitled on days 2 4 7
14 21 and 35 after injection The pentoneal exudate
cells mere collected total cells were counted and the
percentages of T-cells B-cells and macrophages
were estimated as described

The total number of cells using varsous doses of
glucan 15 lustrated :n Fig 1 The optimal dose was

NG OF PERITONEAL CELLS 710 &

] £

DAY APTER GLUCAN iUECTION
Fig 2 Pentoneal esudate content of Tocells B-cells and
macrophages at vaftous tmes after injection of 10 g
8lucan per mouse Mean and range are stated The values
t 8ay © represent findings in untreated anmals

found to be 10 pg/mouse (0 4 mg/kg} which gave
17 6 x [08cellsonday 7

The kinetics of the response after myection of 10
 mm —

metngs nEa 3 Thers vac

population mcreased about 3 fold after 7 to 14 days
and was mantamed for at least 35 days after
snoculation of glucan

Effect of Injection of Glucan on Subsequent Tumour
Take

“The second set of experiments was performed to
examine the effect of glucan on tumour tzke glucan
beiog injected seven days before whe noculation of
tumour, using the dose of glucan geving maximal
effect on lymphocyte and macrophage influx A
dose of 5 x 102 viable tumour cells was chosen thus
achieving a tumour take of 80% mn the control
group

Two groups of 10 mice were given 10 pg glucan
per mouse or PBS respectively seven days before
tumour challenge Thereafter the amumals were
evaluated for tumour take twice weekly When such
alow tumour dose was used the amimals developed
sohd tumours which could be palpated when they
reached a size of 3-4 mm The results are shown 1n
Fig 3 Contrary to our expectations the glucan
group eventually ended up with a shightly hegher
tumour take than the control group This difference
15 probably not sigmficant

Number of Host Cells 1n Ascites tumours after Fre
treatment with Glucan

The thurd set of expenments was performed to

Tumour
TAKE N %) aLucan
100, mwms CONTROL
@
) EY

. DAYS AFTER TUMOUR INJEETION
g 3 Effect on tumour tal

with glucan Two groups of ‘;; (:]Z‘relrmtmem iy
¥& glucan per mouse or PBS respects
tumous chalienge with $x 102 viable tumour cells
Tumour appearance was evaluated by palpauon of the
swte of mjecion every 2nd to 3rd day Al tumou,

e TS prew

each mege giyen 100
vely 7 days prior 10

aa



AA subline grows 1n an ascites form when tnaculated 11
doses tugher than 105 viable tumour cells With lower
moculation doses some ammals develop a solid tumour
at the site of the moculum probably because of Jeakage
of tumour cells after inoculation The tumour s weakly
tmmunogeneic judged by the fact that inocufation of as
few as § x 107 viable cells Bive progressive solid tunmour
growth 1n approximately 80% of the animals The
tumour was maintained 1n the ascites form by weekly
transfer of 0 5-1 ml of ascites

Glucan

A B1-3 yeast cell wall glucan was the gt of Professor
Jan Rea Umiversity of Tromse Norway

The glucan was suspended 1n phosphate buffered
satine {PBS) 1n a concentration of | mg/mi and someated
with a MSE somicator for 45-60 seconds a1 mediwm
power The stock solution was stenlized by boiling and
stored at 4°C 1f stored for more than a week the
suspension was resoatcated before use  Appropeiate
ddutons of the stock solution were made prior to
injection so that the 1njected volume was constant

Chemicals

The medium used for cell washing was Eagles
mummum essential medium supplemented with Hepes
buffer (MEM Hepes) obtamed from Gibeo Grand
Island New York USA Heparm was purchased from
Nyegaard & Co Oslo Norway rabbit anti mouseé brain
antibody from Cedarlane L1d Wellington R4 S
Landon Canada rabbit immunoglobulin from Mann
Research Laboratories Inc  New York USA tetrame
thy! rhodamune ssothiocyanate (TRITC) from Bathmore
Buological Lad  Cockeyesville Maryland USA fluore
scein 1sothiocyanate (FITC) from hoch Laght Lab
Cofnbrook Buckinghamshire England human 1gG
from Rab: Stockholm Sweden sepharose from Phar
macia Fine Chemicals Uppsala Sweden and stanmng
solutions for May Grunwald Giemsa staiming from
Merch Darmstadt West Germany For nonspecific
esterase stanng basic fuchsim was obtatned from hoch
Light Lab  a naphtyl acetate from $1gma Chemical Co
St Lows Maryland USA and methyl green from Difco
Lab Surrey England

Antibodies
The FITC Fab); goat anu niouse Ig was produced

punified and conjugated with fluorochromes as described
by Hannestad & Gaudirnt £ (9) Sheep ant rabbit Ig
was produced by immun zauon of sheep with rabbit 1g
precipiated with SO\ asurated ammonwm sulphate
purified by binding t and efution from rabbut 1gG hinked
to sepharose and « jugated with TRITC as described
by Bergqust & M\ isson (1) All antibodies were
Inactvated at 56 °¢ for 30 minutes and dituted m MEAM
containing 10 my ml human IgG aggregated at 63°C
for 10 minutes to block the Fc receptors of the etlls The
optimal difutions of each anttbody were utraled separa
tely
Colfecsion of Cedls

01‘\(’mmalx§‘/\»,ere Jlled by overdoses of ether and
pentoneal exudate celts (PEC) or ascites tumour suspen

stons were collected by aspiration following the mpectic
of 2 m} phosphate buffered saline With heparin (15 1L
mi} Cells were counted 1n a Burker haemacytometer A
cell suspensions were washed with MEM Hepes Visb
ity of cells was tested by trypan blue exclusion Tt
viability of PEC was usually higher than 95% Tt
tumour cell viability decreased to about 85% with 4
few hours of callection but then remamed constt
hroughout the n, "

Identification of Cells

Theta positwve cells (T-cells) and surface Ig poswt
cells (B-cells) were idenufied by smmunofuorescence *
lolaws Suspensions of PEC or ascites cells fron
tumour bearing mice Were collected and washed twi
witt MEM hepes Tumour cell suspensions which wef
visibly bloody were excluded from the expersments Cell
were counted and 108 cefls were incubated at 4 °C for 60
munutes with S0 b rabbit anti mouse brawn ant bodf
They were then incubated with SO yl FITC F(ab }; goat
ant1 mouse [g for 30 runutes at 4 °C Fnally the ceff
were incubated with 50 pl TRITC sheep-anu ravb1 ¥
for 30 minutes at 4°C Between and after Wt
incubations cells were washed with MEM and finall
suspended 1n 50 Wl MEM

The cells were exatuned mmmediately after inculd
von At feast 300 cells were counted tn a Leiz Orthopls
microscope equipped with Osram HBO 200 mescucy
famp and the Ploemopak 2-1 verocal uurunator T4
filter combinations recommended by Plocmr were used
(17 topether with Lettz oo abyectne 40712 wid
penplan GW 6 3% eye preces This method pérmined
simultaneous countng of FITC positive (B-cells) and
TRITC posttive cells (T-celfs) by changmng filter combt
nations

Immunofizorescence was always carried out witt
normal spleen and thymus cell suspensions as controls
Prior to use the red cells in spleen and thymws
SUSPAIRDTS Wert heemotysed w14 MONHC Sot
10 munutes at room temperature By this method 93
97% of thymus cells were TRITC positnne 33-42% of
spleen cells were TRITC positive and 45-48% 3419
posttive Repeated experiments on seven 1dentical samp:
les of a spleen cell suspension gave a varauon m Tange of
Beells of 46 + 2% lmean = SD)and T cellsof 40 2
2% (mean £ SD) Macrophages were denufied bY
morphological crstersia ;m May Grunwald Giemsa st!
ned smears and by the non specilic esterase staining [e2]

RESULTS

Celtilar Compostion of Peritoneal Exudate afier @
Single Intraperitoneal Iryection of Ghican

The first set of experiments was carned ovt to
determine the optmal dose of glucan for duction
of cellular exndates 1 the peritoneal cavity Groups
of 12 mice were mjected intraperstoneally with 2§
ug Sug 75 ps 10 n 2§ pg and {00 pg per
mouse and a controf group was given PBS Tweo
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DOSE OF GLUCAN IN PBS pg PER MOUSE
Fig 1 Total aumber of cells w penitoneal evudates 7
days afler a single 1mecuon of varous doses of glucan
Mean and range of duplscates are stated

muce from each group were killed on days 2 4, 7
14 21 and 35 after myection The peritoneal exudate
cells were collected total cells were counted and the
percentages of T-cells B-cells and macrophages
were estimated as described

The tota! number of cells using various doses of
glucan 1s Hlustrated m Fig 1 The optimal dose was
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Pemtoneal exudate content of T-cells B

-cells and
TAciOPhages at various umes after myecton of 10 03
lucan pes mouse Mean and range are stated The values.
243y O fepresent findings 1n untreated animals

fourd to be 10 pg/mouse (0 4 mgfkg) which gave
17 6% 10 celisonday 7

The kinetics of the response after imjection of 10
g glucan per mouse 1s shown 1 Fig 2 There was
an immediate increase n macrophages and Bcells,
both reaching a maumum at day 7 The Tecell
population increased about 3 fold after 7 10 14 days
and was mamntamed for at least 35 days after
moculation of glucan

Effect of Injection of Glucan on Subsequent Tumour
Take

The second set of experiments was performed to
examine the effect of glucan on tumour take, glucan
being myected seven days before the moculation of
tumour usmg the dose of glucan gving matmal
effect on lymphocyte and macrophage mflux A
dose of § x 102 viahle tumour cells was chosen, thus
achieving a fumour take of 80% in the control
group

Two groups of 10 mice were gnen 10 pg glucan
per mouse of PBS respectively, seven days before
tumour challenge Thereafter the ammals were
evaluated for tumour take twice weekly When such
a Jow tumour dose was used, the animals developed
solid tumours which could be palpated when they
reached a siz¢ of 3-4 mm The results are shown 1n
Fig 3 Contrary to our expectations, the glucan
group eventually ended up with a shghtly higher
tumour take than the control group This difference
18 probably not sigmificant

Number of Hoss Cells in Ascies tumours after Pre-

treatment with Glucan
The third set of experiments was performed to

un
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B
DAYS AFTER TUMOLR INECTION
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appralalics was evaluated by palpation of the
3¢ of wnjection every 2nd 10 3rd day Al tumou ew
1
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find out whether pretreatment with glucan altered
the content of T-cells, B cells and macrophages 1n
ascites tumours Two groups of 20 mice each were
injected intrapenitoneally with 10 pg glucan per
mouse or an equal volume of PBS One mullion
wviable tumour cells were njected, at which dose an
ascites tumour develops The advantage of using
doses that produce an ascites tumour 1n this type of
experiment 1s obvious, though the disadvantage 1s
that a high tumour dose does not give the immune
apparatus a »famr« chance to contro! tumour
growth With this tumour dose, the mice died
approximately 18~20 days after mjection At day 3,
7, 12 and 16 after tumour inoculation, five mice
from each group were killed and the ascites
collected

The total number of each cell type on vartous
days after tumour challenge 1s shown 1 Fig 4 There
was an tmtial small ncrease i the number of
macrophages and B-cells in the glucan group, but
the numbers decreased to the level of the contro!

NO OF PERITONEAL CELLS x 108

BEELLS

N )

1 ¢t : ,
s 1 15

DAYS AFTER TUMOUR INJECTION
Fig 4 Effect { preweatment with glucan on the total
number of T cells B cells and macrophages in a murine
ascites tumour Two groups of 20 muce were mjected
with |0 pg glucan per mouse or PBS respectively 7 days
prior to chaltenie with 106 viable tumour cells On day
3,7 (2 and 6 after tumour injecuon five mce from
each group were Kkilled and the total numbers of
wntratumoural T cells B cells and macrophages were

using and non specific
esterase staimng Mean and range are stated for gach

pomnt of bme

T

group at a later stage T-cell content showed the
oppostte development Inttially there was no signifi
cant difference between the two groups, but later the
content of T-cells m the glucan group imncreased
more than 1n the control group

DISCUSSION

The antitumour effect of glucan has been demon
strated 1n many different experimental tumour
systems, but the exact mechanism behind this effect
15 not known It 1s commonly supposed that the
macrophage 1s the effector cell responsible for this
effect (2, 6), and there 1s some evidence 1a favour of
ths view Glucan has a strong stimulative effect on
macrophages in vitro {5) Cytostatic macrophages
have been 1solated from regressing tumours treated
with glucan (2, 14), and transfer of the antitumour
effect can be obtained with peritoneal cells but not
with lymph node cells or serum {14) Morphologt
cally, a promunent macrophage infiliration 15
observed 1n solid tumours after glucan treatment [
15}

The m vno antitumour effect of glucan also
depends on an mtact T-cell function {12, 13} and
sumulatory effects of glucan on varous Tecell
functions have been reported (4, 7, 8)

Our experiments demonstrate an increase 1
macrophages, T-celis and Bcells after a smngle
intraperitoneal injectton of glucan The increase 1
macrophage numbers was greatest while the
increase 1n T-cells lasted longer Simtlar findings
have been demonstrated with another antrumour
agent, pyran (23) Splos et al demonstrated that
admunstration of pyran resulted mn an increase of T-
cells and a temporary mgcrease in B-cell population
1n spleens of tumour-bearing mice as compared (o
tumour-bearing controls However, we were not
able to demonstrate any antitumour effect of gluzan,
afthough the tumours were injected when the
number of macrophages 1n peritoneal exudate had
1ncreased 8 fold followng glucan pretreatment

There are several possible explanations for the
lack of antitumour effect of glucan m our expert
ments despite the striking effect on cell numbers
One reason — though quite improbable — 1s that the
optimal antitumour dose may not correspond to the
dose that gives the highest celt mflux Another 1
that this special tumour exerts an ants macrophage
T-cell effect that overwhelms the tumoune-
dal capacity of the host cells Actually, a depressive
effect of tumour products on macrophage functions
has been described (16, 21,22) A third possibtltty
no less probable than the other two, Is that the
glucan particles might actually divert the immune

or antt



cells from contact with the tumour cells Thus an
antitumour effect might Dot onfy be dependent on
the dose of glucan but also on the application of the
compound wto the tumour

In order to elucidate which of these possibilities 15
the comet ofe much more must be known
concerning the effects of the glucan on macrophages
and fymphocytes The fact that tn some Systems
gfucan gives a dramatic regression of tumonrs and
under other circumstances has no effect at all
uecessitates more detailed studies on the mechanism
of artian ot thus and Sumniar drogs
e —
Thss study was supported by grant from Landsfore
n ngen mot kreft Oslo Norway
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find out whether pretreatment with glucan altered
the content of T-cells, B-cells and macrophages in
asaites tumours Two groups of 20 mice each were
injected intraperitoneally with 10 pg glucan per
mouse or an equal volume of PBS One million
viable tumour cells were njected, at which dose an
ascites tumour develops The advantage of using
doses that produce an ascites tumour tn this type of
experiment 1s obvious, though the disadvantage 1s
that a high tumour dose does not give the immune
apparatus 2 »far« chance to control tumour
growth With this tumour dose, the mice died
approximately |8-20 days after injection At day 3,
7, 12 and 16 after tumour moculation, five mice
from each group were killed and the ascites
collected

The total number of each cell type on various
days after tumour challenge 1s shown 1 Fig 4 There
was an ital small ncrease 1 the number of
macrophages and B cells 1n the glucan group, but
the numbers decreased to the level of the control
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Fig 4 Effect of pretrement with glucan on the total
number of T cells B cells and macrophages 10 2 murne
ascites tumour Two yroups of 20 mice were tnjected
with 10 pg glucan per mouse of PBS respecuvely 7 days
prior to challenge with 106 viable (wmour celts On day
3 7 12 and 16 after tumour injection five muce from
each group were killed and the total numbers of
intratumoural T cells B cells and macrophages werre
estimated ustng 1mmunofluorescence and non specn:
esterase staning  Mean and range are stated for eacl

point of time

group at a later stage T-cell content showed the
oppostte development Inittally there was no signifi
cant difference between the two groups but later the
content of T-cells 1n the glucan group ingcreased
more than In the control group

DISCUSSION

The antitumour effect of glucan has been demon
strated 1 many dilferent experimental tumour
systems, but the exact mechanism behind ths effet
1s not known It 1s commonly supposed that the
macrophage 1s the effector cell responsible for (s
effect (2, 6), and there 15 some evidence 1a favour of
this view Glucan has a strong stimulative effect on
macrophages in vitro (5) Cytostatic macrophages
have been isolated from regressing tumours treatel
with glucan (2, 14), and transfer of the antitumour
effect can be obtained with peritoneal cefls but not
with lymph node cells or serum (14) Morphologt
cally, a promunent macrophage 1nfiltraion 1
observed 1n solid tumours after glucan treatment {5
15}

The i vno anttumour effect of glucan also
depends on an ntact T-cell function (12, 13) and
sumulatory effects of glucan on various Tell
functions have been reported (4, 7, 8)

Qur expeniments demonstrate an mcrease i
macrophages, T-cells and B cells afier a single
intraperitoneal injection of glucan The ncrease 0
macrophage numbers was greatest, while the
increase m T-cells lasted longer Symilar findings
have been demonstrated with another antitumov?
agent, pyran (23) Splos et al demenstrated that
admunistration of pyran resulted in an increase of T-
cells and a temporary increase 11 B cell population
1n spleens of tumour bearing mice as compared 0
tumour bearing controls However, we weére not
able to demonstrate any antitumour effect of glucan
although the tumours were mjected when lh;
number of macrophages 1n peritoneal exudate ha
tncreased 8-fold following glucan pretreatment

There are several posstble explanations for the
lack of antitumour effect of glucan 1n our expen
ments despite the striking effect on cell numbers
One reason — though quite improbable — 1s that ihe
optmal anhtumous dose may not correspond 10 the
dose that gives the highest cell influx Another IS
that this spectal tumour exerts an any macrophage
or antt T-cell effect that overwhelms the tumourict
dal capacity of the host cells Actually, 2 depressive

effect of tumour products on macrophage functions
has been described (16, 21, 22) A third possibiletys
no less probable than the other 1wo, 15 that the
glucan particles might actually divert the immune

e



ells from contact with the tumour cells Thus an
autumour effect mught not only be dependent on
he dose of glucan bt also on the application of the
ompound 1nto the tumour
1n order to eluctdate which of these possibilities 1

he comect one much more¢ must be known
soncerning the effects of the glucan on macrophages
and fymphocytes The fact that i some systems
glucan grves a dramatic regression of tumours and
under other circumstances has no effect at all
necessitates moré detailed studies on the mechanism
ol action ot this and simdar drugs

This study was supported by grant from Landsfore
nngen mo! kreft Oslo Norway
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Suppressor cells can be generated n mixed lymphocyte culiures (MLC) The studses reported here show
that the cells responsible for suppression belong to relatively radioresistant T cells Funhermore to
generate suppressor cells in MLC the cells must be able to proliferate while this 1s not necessary for

expression of the suppressive capacity
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Suppression of immune phenorena by lymphoid
€ells both in vno and i vitro 15 well established (3)
Different sub populations have been shown to have
3 suppressive or regulatory function m ammals (3
15) I vutro acuvation of human suppressor cells tn
cultures of peripheral blood mononuclear cells
(PBM) or spleen cells has been demonstrated by
sumulation with Concanavalin A (Con A) (18 19
1017 2) and phytohaemaglutiin (PHA) (13 2
) a5 well as by allogeneic cells m mived
Iymphocyte cultures (MLC) (8) Cells which sup
press MLC interactions have also been found to be
present in certain mndividuals in vio and studies by
McMichael & Sasawuks (13) and Engleman et al (4)
have shown that they appear to belong to a
Population of relatwvely radioresistant T cells The
suppressor cells which can be generated 1n i vitro
MLC tests are bowever less well characterized

The purpose of these investigations was 1o
further characterize the suppressor cells which can
be generated in 1 vitro MLC tests

MATERIALS AND METHODS

Cell donors Realthy persons from the laboratory staff
"¢t used as blood donars. PEM cells were prepared by

Ficoll Isopaque flotauon (»Lymphoprep« Nyegaard &
Co Oslo Norway)

T and non T cells were prepared by means of sheep-
erthrocyt‘e {E) rosetung as previously described from
this laboratary (1) Briefly 1x 107 PBM cells 1n 5ml
medium {RPMI 1640 Gibco Biocult, Glasgow Scor
land with 100 I1U/ml pemcilin and 100 pg/mi
suepwmyan added) were mrxed at 20 °C with § mt
medism contaimng 1% AET Q-ammoethyhisothio-
uronum bromude hydrobromide Sigma St Lows Mo
USA) treated sheep red blood cells (SRBC) and 40%
foetal bovine serum (Gibco Biocutt) 1m 50 mt plastc
tubes no 2070 Falcon Oxnard Cal  USA) and
centnfuged at 200 ¢ at 20 °C for § mm The sediment
was then gently resuspended using 2 wide bore prpette
The suspension was layered over |0 m} Lymphoprep m a
50 ml tube and centrifuged at 800 g for 20 men 2t 20 °C
The interphase containing non E rosetting cells was
femoved resuspended 1n medium and used as pon T
celis These suspensions usually contained 60-90% Iz
posiuve cells and 20~30% latex ingesung cells The
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Suppression of immune phenomena by lymphord
cells both i viio and w3170 15 well established (3)
Different sub-populations have been shown to have
a suppressive or regulatory function m anrmals (3
V5) In vatro actvation of human suppressor cells in
cultures of peripheral blood mononuclear cells
(PBM) or spleen cells has been demonstrated by

lymphocyte cultures (MLC) (8) Cells which sup
press MLC interactions have also been found to be
Present in certain mndividuals 11 vivo and studies by
McMichael & Sasazuks (13)and Engleman er al (4)
bave shown that they appear to belong to a
Population of relatively radioresistant T cells The
suppressor cells which can be generated 1n i vitrp
MLC tests are however less well characterszed

The purpose of these nvesyigations was to
further charactenize the suppressor cefls which can
be generated in i varro MLC tests

MATERIALS AND METHODS

Cell donors Healthy persons from the

Iaboratory safy
here used 35 blood donors PBM cells w

er¢ prepared by

Ficoll Isopaque flotation {nLymphoprepe Nyegaard &
Co Oslo Norway)

T and non T cells were prepared by means of sheep-
rryu\mm\e (E) rosetung as previously described from
this laboratory {1) Briefly 1> 107 PBM cells 1n § ml
medium (RPAMI 1640 Gibeo Biocult, Glasgow Scot
fand with (00 [U/ml pemolhn and 100 yg/m1
streptomycin added) were mixed at 20 °C with § m{
medum conaining (% AET (2 amunoethybisothio-
uronium bromide hydrobronude Sigma 5t Lowis Mo
USA) treated sheep red blood cells {SRBC) and 40%
foetal bovine serum (Gibeo Brocultd m 50 mi plasuc
tubes (no 2070 Falcon Oznard Cal USA) and
centnifuged at 200 g at 20 °C for 5 mun The sediment
wag then gemily resuspended usieg 2 wide bore pipette
The suspension was layered over {0 mi Lymphoprepina
30 ml tube and centrifuged at 800 & for 20 min at 20 °C
The nterphase contaiung sion E rosetung cells was
Temoved resuspended 1n medium and used as non T
<elis These suspensinas usually contained 60590 % i
posive cells and 20-30% tatax wngesung cells The
restdual supernatant was aspirated and the peltet of E

resuspended 1n mediym containng 20% norma) human
23 T cell ennched Suspensions  They
70% E 1osene forming cells and Jeog
than 5% I posieve 20d 5% fatex ngesung celts
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expression of the suppressive capacity

key words Suppressor cells mixed lymphocyte culture

Enk Amesen Tissue Typing Laboratory Rikshospiialet The Navonal Hospiat Oslo { Norway

Recerved 6 v1 79 Accepted 311 79

Suppression of mmune phenomena by lymphoid
eellsboth 1n 1130 and im vitro 1s well established (3)
Different sub-poputations have besn shown 10 have
2 Suppressive or regulatory function 1n ammals (3
15) In vitro activauion of human suppressor cells 1n
cultures of peripheral blood mononuclear cells
(PBA) or spleen cells has been demonstrated by
sumutauon with Concanavalin A (Con A) (18 19
1047 2 ang phytohaemaglutinin (PHA) (18 2
W3 well as by allogenec cells in mived
Iymphocyte cultures (MLC) (8) Cells which sup
Press MLC interactions have alsa been found to be
Present m certain indsviduals i 1v0 and studres by
McMichael & Sasa ke (13)angd Engleman er al (4)

Ot shown that they appear to telong to a
Populaton of relatively radioresistany T cells The
SUPPressor cells which can be generated i i 14570

tests are however less well characterized

The purpose of these INVesURations was o
further characterize the suppressor cells which can
be generated 1 in vitro MLC tests

MATERIALS AND METHODS
Celt domory Heahy persons from the 1aboratory staff
+€t€ Prepared by

Ficoll Isopaque flotation (»Lymphoprep: Nyegaard &
Co_Oslo Norway)

T and nan T cells were prepared by means of sheep-
erythrocyte (E) rosetting as previously described from
this laboratory (1) Briefly 1x 107 PBM cells 1n § m)
medium (RPMI 1640 Gibco Biocule, Glasgow Scot
jand  with 100 TU/m! pencifin and 100 ve/ml
strepomyein added) were muxed at 20 °C wih § m1
medipm comaming $% AET {2 arunoethylisothio-
uronwm bromzde hydrobromide Sigma St Louss Mg
USA) treated sheep red blood cells (SREC) and 40%
foetal bovine serum (Gibco Biocult) 50 ml plasuc
tubes (no 2070 Falon Oxnard Cal US4} and
centrafiuged at 200 g 21 20 °C for $ mun The sedimens
was then gently resuspended using a wide bore pipere
The suspension »as layered over 10 m] Lymphoprepipa
50 mi tube and centrifuged at 800 g for 20 min at20eC
The interphase conuaimng non E rosetuing cells was
Temoved resuspended 1n medium and used as non T
cells These suspensions usually contamed 60-90% Jg
vostve ealls and 20-30% larex ngesung cells The
Tesidual supernatant was aspirated and the pelfet of E
ToSetng c2lls was m xed wiike 3 = .
difuted .
°C cau .

. - .
usually L e sty

- 3 ‘g Cels and Jess
than 5% g possuve and 5% larex ngesung cells






TABLE 2 Effect of D fferent » Bulk ¢ MLC culturing Times

H thymsdine tncorporation {cpm) m resposise to allogeneic sumulaung cells

Test cultures
Bulke MLC?
:lll‘:ur:‘ng Experyment 1 Experment 2
e s i ety %o ABD Aoywoorass B
AB® Butk«(AB() 800 rads »Bulke (ABy
2 25718 20183 -2 12677 3836 9
1 26068 19601 g 15902 3837 15
6 18218 2512 -36 14146 2688 81
8 21908 W -0 26061 126 ~19
10 3041 2124 66 14126 4345 63
14 19375 3225 -5 18379 3485 -1
2 31780 21980 1 28651 33120 +33

# wBulke ML actuvated cells grven 00 rads before addition to test MLC culcure
¥ Freshly established micro MLC cultures {§ x 104 responder and sumulator cells)

9 % shittion

T amoan, '

~
cytotoxic T cells generated 1n the primary »bulke
MLC directed towards the foregn HLA antigens
on the stimulating cells However no differences n
the hibitory effect could be detected

Kinenies and Dose response Investigations

»Bulk« MLC were cultured for two to 2! days
given 800 rads and added to freshly established test
MLCs Table 2 shows the results of tWo expery
ments Pronounced suppressor acuvity 15 present 1n

the wbulk cultures after 6-14 days of culture At
day 21 of culture the intubiion was less pronoun
ced or had disappeared However the »bulke
cultures were still viable since 1t was possible to
1nduce new profiferation of the » bulk« culture cells
after 21 days of culture when confronting them
with freshly prepared unrelated irradiated sumula
1ng cells (daia ot shown)

The number of MLC-activated T cells necessary
o observe suppression was also studied Table 3
shows one typical expertment out of four Suppres
sion disappeared when less than 2 5 x 104 MLC
actvated cells were added to § X 104 freshly
prepared responding and sumulating cells In fact

TABLE 3 Effect of Addinion of D fferent Concentrations of Mixed Lymphocy te (MLC)-acinated Lymphocy 1es 1o Freshiy
Establ shed Micro MLC

Freshyy H thy {epm) 1n vesponse t Hog cells
established
‘;;I,c Number of bulk« {ABY) cels addedb without previous rrradiation

alure® o sy 25104 Ix104 0§x10% 025x104 02x10+ Oyx10s
AAt 1984 5036 s241 3223 5650 3903

3809 3474
ABx 19209 7019 14359 18500 27167 34039 38615 43410
Trradiated with 800 rads before addiuon
AM 2408 202 1152 1679
1810 81

ABx 9828 12483 16211 20129 16766 15923 ;;ﬂz

* 5% 104 responding and sumulaung celts

¥ T-enniched lymphocytes acuvated for 6 €2)s 1n wbulke MLC

105



Generanon of suppressor cells { buh ¢+ MLCs) MLCs
were established as previously described (8) Briefly 2 5
X 106 FBM cells or suspensions enriched for T or non
T cells were meubated with SO x 106N ray sradiated
(2000 rads subscripty) sumulatng autologous or aljoge
nex mononudear celts in 13 mi culture medum (RPMI
1640 supplemented with 2D%  nacinated noymal
human serum and astibiotics) m 30 ml plaste flasks
{Fatoon Plasties Cat nio 3012) [ncubation was carfied
out at 37 °C m a humidified atmosphere of air 2ng 5%
€0 After a gnen culure tme {usually six days) the
«ells were washed once and resuspended n culfure

meduim

Test MIC aares QOne way micta MLCs were
established walh fresk PEV front the ofiginal apd thied
party blood donors usually it 933 afer dmustion of
the Hbulhe MLC Equal numbers {5 x )09 of
responding and X ray irradizted stmulating oelfs were
mixed 1n the wells of microttre plates {C A Gremer und
Sohne Nurtuingen % est Germany) i a volume of 0 1D
mi culture medium To test their suppressne acus ity
ether 0035 mi culture medium or 005 mh {5 % 109
celfs from the »bulke MLCs were added The MLC
activated ceffs were used either as not enriched of T
eneiched cffs and given a satisble dose of X vay
treadiatean (0 400 800 1200 1600 2000 3000 or
5000 rads) by vary irg the trradeation time (rom 3 % tun
whule keeptng the voltage (250 K\ ) and ampere (122 1)
the same The mucrotitre plates were mcubated for 20
additional 5 days Jabelled 24 hours before harvesnng
with JH thyoudine 20 yCi/faalol New England
Nuclear Boston Mass  USA) and harvested on 2
Skatran semi automatic harvesting machine {Skatron
Lierbyen Norway! the results were expressed as mean
cpm of triplicate culpures ¥ standard errof of the mean
However the latter value 1s Rot expressed in the tables
siee 1t was almost always less than [0% The results

TABLE t Effect of Addimon of Mixed Lymphooyie €
Aficro MLC cuber Unseparased or Separated o

uthre (MLChactmated Lymphoctes o Freshh
T and hon T Cells before or after 6 Divs of Actngtton

%ery also expressed aS percentage suppression (%!
from the formuta

(kfean cpm suppressor cells added
& e SO XS R

EY
Mean cpm onirot cudture

x 100t-108

RESULTS

Cells Responsible for Suppression

Whether T oells were tesponsible for fhe
suppression was studied first Table 1 shows s
results of one out of four experiments grving Sy
results An equal inhibition was caused by PBM a0
T enrtched celis (A7B when the ennchment w28
performed before establishing the »bulle MG
Gofy small inhibiuon was caused when non T el
were used as responding cells (Apn7B) Whet
separating into T and non T cells afier six days o
culture only very few nonT oells could ¥
recovered On the other hand Table § shows tt
both eanched T cells {ABIR) 2nd unfrachond
cells (AB,) from six day MUC culwures éxened th
same degree of tnhibion There was usually 1
clear specificty of the nhibigton e a simie
degree of wnhibion was seen whether (he wme
(AB or thied party (AC,) sumulating cells wert
used 1n the test cultures

I order to study whether profiferation %2
necessary far the actvation of suppressor cells b
ray radiated (2000 rads) celfs from two mdivdudls
A'and B were cultured together for six days anf
added to freshly estabhshed AN, and AB, cultures
(Table 1) No inhibition was seen

Egtabl sk

TH thy midtne 1ncOrporation {cpm) 1n 1est culiases

MLC cultare
celtsaddeds AAX AR« A ACx 1A
1330
22t 10702

(ABY) 647 3579 57 ;ssg :?
(ArBx)b 44 137 43 . |§7s e
(Agon YRO® 1618 3613 -2

- 3035 12501 \ ’\2;5; s
(ABX) 4301 29190 v87 e I
(ABxh¢© 5412 2231 ~31 gass o
(AxBx) 11828 16265 +30

2 5% 104 cells from these 6 day cultures Wer2 added (@ 3 equal numb

somutabing telts
b Separavion of T and non T eetls from don
< Separavion of T celts from the allogenert. visie

er of autoloyons responding and atlopencie

o1 A belore Acuvatiod
0 fiey 0-d2y MLC acinat on



TABLE 1 Effect of Dufferent 1 Butdee MLC-culiwring Tumes

IH thyrudme {cpm)1n response sumulating cetls
Test cultures
Bulke MLCH
:ulmr:ng Experyment 1 Expeniment 2
ume n days AB, + % a¢ ABO AB: % ne
ABS ke (AB) 800 rads ® JBulk« (ABJ) 800 rads
59
1 5718 20183 =21 12677 3836
4 26068 19603 -4 15902 18y 15
6 18218 2502 13 14146 2688 -8l
H 21505 ¥ -82 26061 5326 -7
1 3031 724 -66 14126 4545 ~68
" 19375 8225 58 13479 3385 -81
2 31780 21980 -3 28651 33120 +33

o »Bulka MLC activated cells grven 800 rads before addiuon to test MLC cuhure

® Freshly established micro-MLC cultures (5 x 104 respond
& % mtbruon

T grmms e =t

done i order to faciitate detection of possible
Sytotonic T cells generated 1 the pimary »bulk«
MLC, directed towards the foreign HLA antigens
on the sumulating cells However, no d:fferences in
the mhibitory effect could be detected

Kineties and Dose-response Imestiganans
»Bulke T 0 oen ~ . -

tnents Pronounced suppressor activity 1s present 1n

fer and suraulator cells)

the »bulka cultures after 6-14 days of culture At
day 21 of culture, the mnhibition Wwas less pronoun
ced or had disappeared However, the wbulke
cultures were stil viable, simce 1t was possible to
1nduce new proltferation of the »bulke culture cells
after 21 days of culture, when confronung them
with fresh)y prepared vnrelated irradisted shmula.
g celts (data not shown)

The number of MUC-activated T cells necessary
to observe suppression was also studied Table 3
shows one typical expeniment out of four Suppres-
sion disappeared when less than 25 x 104 MLC-
activated cells were added to 5 x 107 freshly
prepased responding and sumulating cells In fact,

TABLE 3 £ffect of Addition of Different Concentranons of Mixed Lymphocy te SLCl-acin ated Ly mphoey tes 1o Freshiy
Establhshed Micro MLC

Freshty H thymidine imcorporation {cpm) 1n response to autotogous or atlogeneic sumulaung cells
established
test Number of wbulka (ABx) cells added® wathout previous irradiation
WCatore o 5,00
25x% 104 Ix104 05x104 025x10¢ O02x104  Olxjp4
AAy 19835 5038 5243 3223
5650 3903 3809 3474
ABt 19209 R4 14159 18500 21167 34039 38615 43810
" Iradiated with 800 sads before addition
T 2466 2021 1152 1679
AR e 6 1310 811 1579
2 12483 16211 mnz 16766 15923 19765

3 3% 104 respandung and stmutacng cetis
T-enriched tymphocytes activated for 6 days i »bulke M

LC
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Fig la Effect of different doses of A ray mactivation
of allogenerc 6 day »bulk  MLC culture cells (AB,) be
fore addition 1o freshly established test MLC culture AB,
®-—® The sbulk MLC actvated cells confronted
with irradsated (2000 rads) third pamy cells €,
A A demonstrate at which dose the proliferative
capacity of the activated cells (ABy) disappeared
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Fig 16 Effect of different doses of X ray rradiation of
allogenetc 6 day bulk MLC culture cells (AB;) be
fore addition (o freshly established test MLC culture ABy
@—@ The bulk MLC activated cells confronted
with arradiated (2000 rads) third party cells Cy
'y A demonstrate at which dase the proliferative
capacity of the activated cells (4 By) disappeared

when  smafler numbers of cells were added
potentiation was observed if the MLC activated cells
had not been pre wradiated with 800 rads After
trradiation no potentiation was seen

X ray Sensunan of the St ppross ng, Cells

The MLC activated wlls were treated with X ray
irradiation doses tr n 400 to $000 rads before
addition to the wsi MLCs Figures 1a and b show
the results of two typical experiments out of
seventeen Figure la shows that suppression was
still present wh n the added >bulk  cells had first
been given 40U 3000 rads In other experiments
we could demonstrate no or only little suppression
1f irradianon of the added cells was not cartied owt
while pronounced inhibition was always found after
400 or 800 rads of irradiation (Fig |b) Even when

treated with 5000 rads this inhibiting effect was
not letely abrogated Thus the H
Cells are relatively radioresistant This radioresss
tance was highly reproductble as witnessed m
experiments where suppressor cells were generated
from a single donor on five separate occasions (dta
not shown)

1n some experiments »bulke cells which had fisst
been killed by heatng (56 °C) were added (o test
cultures These killed cells had no inhibitory effeet
on the test cultures

To compare the effect of X ray irradsation on the
proliferative and the suppressive capacity the added
cells were also sumulated with third party X ny
trradiated (2000 rads} cells {Co) As shown i the
figures the proliferative capacity almost disappea
red when the MLC activated cells were first treated
with 800 rads or more Restmulation with (reshly
prepared wradiated cells from B gave the same
result (not shown 1n the figures)

DISCUSSION

1t has previously been reported from this laboratory
that non specific suppressor cells can be activated m
MLC (8) The main findings of the experiments
reported here are that the suppressing cells are most
probably relatively radioresistant T cells Further to
generate suppressor cells the cells must be able to
proliferate while this 1s not necessary for etpres
ston of their suppressing activity

Previous studies have shown that maxmum
inhibition was found on day 5 of the test cultures
and that the detectable Suppression was not due to
some changes 1n the kunetics of the test MLCs (&
For this reason 1n the present study harvestng of
test culture was carried out only on day 5

T cells were found to be necessary for ihe
generation of potent suppression and the degree of
suppresston was similar with actvated T enriched
and PBM cells (Table 1} These findings are 10
agresment with those previously found m mice
16) and n 1o 1 man (13 4) After our studies
were finished Hanes et al (7) reported that also i
their MLC expestments the suppressing cells were
found among the T celis These suppressor T cells
may express HLA DR antigens (8}

Ve found that pronounced Suppression Was
always caused by six day MLCs while 2 mor¢
variable suppresston was seen 1n MLCs cultured for
2 shorter tume (Table 2) Miller et al {14) have
reported that when cultuning MLCs for three six
and nne days stgnificant suppression was found
only after mne days of culture On the other hand
11 some expesiments pronounced suppression was

-



aiso caused by 2-4 day MLCs (Table 2) at a time
when little proliferation 1s seen i primary MLCs
This may be compared with observations of Sakane
& Green{17) who found that proliferation was rot
necessary for Con A to induce suppressor cells
However when the cells were mhibited by X ray
srradiation to proliferate at all no suppressor cells
were generated (Table 1)

The dose response it d

suppression  was demonstrated n some of the
experiments
An 1mportant question 15 whether the suppres

sion at least i part is due to generation of
cytotoxic T cells dunng the witral > bulk « MLC
¥illing the freshly added sumulating cells Hirsch

berg & Thorsby (8) found this to be unlikely n
experiments with primary and secondary sttmula

that for suppression to be observed the ratto
between the added suppressing T cells and the
freshiy prepared responding cells had to be at least
12 (Table 3) Potentiation was observed when
fewer cells were added The reason for the
potentiation 1s unknown but may indcate that after
sit days of MLC a muxture of pnmed MLC
responding T cefls and suppressor T cells exists and
that the latter can only be detected when more than
acertan mummurm number of cells are added to the
test cultures The lack of potenttauon seen when the
prouferatve capacity of the added cells were first
mhib ted by giving 800 rads supports this sugges
tion

The expertments reposted here revealed that the
suppressive effect was relatvely resistant o X ray
uradiation and more resistant than the abdxty to
prol ferate when confronted with allogenec cells
This 15 In apesprman u & ba € 4 -

Cou o ould town
¢chimination of suppression with doses of 500 rads
of more 1n CMC with mouse spieen cells In man
Hanes et at (7} found that the suppressor cells were
sens tve 1o 3000 rads In this study

ting cell sefected 10 sk few HLA
A and B antigens as possible In the expeniments
reported here the potental effector to target cell
rauo was usually kept at 11 and even when the
stumulator cell concentration was mereased two and
B M Ve

M

- st
but do not establish firmly that suppressor and not
cytotoxic T cetis are mostly responsivle for the
inhibition  That suppressor and cytotoxic cells
belong at least 1n part to different subsets of T
cells 1s further suggested by other recent studies n
our Jaboratory Generation of suppressor cells
seems to be more resistant to the effects of low
doses of steroyds than generanon of cytotoxic celis
(Hurschberg personal commumcation )

Evidence has been presented that suppressor cells
may be mvolved i transplantation tolerance {for
references see (20)) It would therefore be of mnterest
to study whether the Iy mphocytes of recipients of
well funcuoning grafts have suppressor activity
Some recent reports mdicate that this is the case (6
12 21 22) However further studies are needed
partcularly to obiain betier msight 0o the possible
specificaty of these suppressor T cells

actity remained 1ntact after exposure to up to 800
rads whte lace

T
(-
1 -
T A e previousty from our laboratory namely
that MLC generated suppressor cells are sensitive to
2000 rads of irradiation (8) However mr our
Previous study the radiosensitivity was tested only
®ith 2000 rads of wradiation and wn some
iperuments onfy a small reduction 1n suppressive
actvity was found The rather extreme radioresis
tance found 1n the present studses raises the question
& 10 Whether these Suppressor cells have to be
v12ble at all in order (o suppress Howener killed
cells had no suppressive effect

The results reponied here also suggest that a
Poss ble secondzry proliferative wave of the bulk
MLC-acuvated cells when confronted with ew
sumulaung cells may overshadow the abilty to
supnerce e MILCs and may explam why no

‘The avthors wish 1o express their grautude to Dr Henry
Hirschberg for belpful suggesuons during this work, and
10 Helena Nous a nen for skilful techmcal assistance
This work %as suppacted by grants from the Morw egrgn
Society for Sc ence and the Human s and Mr Anders
Johre s Med cal Research Fund
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Fig la Effect of different doses of A ray nactivayon
of allogeneic 6 day »bulk « MLC culture cells (ABy) be
fore addition to freshly established test MLC culture AB,
®—@ The »bulk« MLC actpvated cells confronted
With irradiated (2000 rads) third party cells Cx
A A demonstrate at which dose the proliferaine
€capacity of the activated cells (AB,) dtsappearcd

:\,/'/

Fig {6 Effect of different doses of X ray irradiation of
allogeneic 6 day »bulk « MLC culture cells (AB) be
fore addstion to freshly established test MLC culture ABy
®—@ The bulk MLC acuvated cells confronted
with rradiated (2000 rads) (urd party cells €
A A demonstrate at which dose the proliferative
capacity of the acuvated cells (A B,J disappeared

when smaller numbers of cells were added
potentiation was observed 1f the MLC activated cells
had not been pre irradsated with 800 rads After
irradiation no potentiation was seen

X ray Sensuniy of the Suppressng Cells

The MLC activated cells were treated with X ray
wrradiation doses from 400 to 5000 rads before
addition to the test Mi s Figures 11 and b show
the results of two typical expertments out of
seventeen Figure la shows that suppression was
still present when the added »bulk « cells had first
been given 400-3000 rads In other experiments
we could demonstrate no or only little suppression
1f trradation of the added cells was not carrjed out
while pronounced inhibition was always found after
400 or 800 rads of irradiation (Fig (b) Even when

106

treated with 5000 rads this inhibiting effect was
not completely abrogated Thus the suppressing
cells are relatively radioresistant This radioresis
tance was highly reproducible as witnessed
experiments where suppressor cells were generated
from a single donor on five separate occastons (data
not shown)

In some experiments » bulk cells which had first
been Kulled by heating (56 °C) were added to test
cultures These killed cells had no inhibitory effect
on the test cultures

To compare the effect of X ray irradiation on the
proliferative and the suppressive capacity the added
cells were also stmulated with third party A ray
irradiated (2000 rads} cells (Cy) As shown in the
figures the proliferative capacity almost disappea
red when the MLC activated cells were first treated
with 800 rads or more Restimulation with freshly
prepared 1rradiated cells from B gave the same
result {not shown n the figures)

DISCUSSION

It has previously been reported from this laboratory
that non specific suppressor cells can be actated 18
MLC (8) The mamn findings of the experiments
reported here are that the suppressing cells are most
probably relatively radioreststant T cells Further 0
generate suppressor cells the cells must be able ©0
proliferate While this 1s not necessary for expres
ston of their suppressing actuvity

Previous studies have shown that maumunt
inhibitson was found on day 5 of the test cultures
and that the detectable suppression was ot due (0
some changes in the kimetres of the test MLCs (8)
For this reason in the present study harvesting of
test culture was carried out only on day 3

T cells were found to be necessary for the
generation of potent suppression and the degree of
suppresston was similar with actvated T-enriched
and PBM cells (Table 1) These findings are 10
agreement with those previously found 1 mice (9
16) and m 1o 10 man (13 4) After our studies
were fimshed Hanes et al (7) reported that alson
their MLC experiments the suppressing calls were
found among the T cells These suppressor T cells
may express HLA DR antigens (8)

We found that pronounced suppression Was
always caused by six-day MLCs whide 2 more
variable suppression was seen mn MLCs cultured for
a shorter time (Table 2) Miler et al (14) hnve
reported that when culturing MLCs for three sit
and mine days signficant suppression was found
only after ne days of culture On the other hand
m some experiments pronounced suppression was
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Rolizg ¥ Degradation of non opsonized MP Ial
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Fine bours after the tngestion of non opsonwzed £ cofy
78 pat cens of the bactetia were killed estrmated as d

TP tabelled £ yobr

macrophage was constant 1 the post ingestive
eatly desteuction The telease of radiacusity
macrophages

hey words Macrophages phagocytosis £ colr
Roflag Bakt Inst Rikshospitaler Osto | Norway

Rece ved 29979 Accepred 20 1y 70

One of the most criucal factors 1n the study of
interaction betw gen microarganisms and phagocytre
oells 1s the measurement of microbual death Sen, eral
techmques have been employed for 1 vitro study of
the microbicidal acuvity of phagocyth cells The
method most frequently employed 1s probably the
assessment of microbal survival by determination
ol colony formng umits (CFU) “The uxtenspve
stadies of Cokn (2) however led to incteasing
#Mploy ment of radioactne labelled bacteria and o
the measuring of the release of label from the

Prelabelled bactena as a means of quanufying
kiling

The

Tate of non-opsontzad bacteria 1 phagocytes.
By

been disputed since Rowley (12) reporred thar
FROVIOUS dpsonization Was necessary for the Killrog

of £ phagotytued by mouse peritoneal
macrophages (MPV)

by mouse peritoneal macrophages 7 17 60—
ecrease 10 colony formung unas W hen employng

5060 ger cent of the radioactvity was released lo the madium by (he
macrophages during the same period of ume The mean number of

wsually-coupted barrera per

period The mactophages killed the baciena wihom
seemed 10 reflect the degradaton of bactera m the

The aim of the present work s 10 &valuate how
the rady h,

seleased by Dl
&es after ingestion of 3P fabelled non-opsonized £
€oli fmay be used as a method for studyng the fate of
this bacterium afier phagocytosis

MATERIALS AND METHODS

Bacteria
E coly stram X 7 Serogroup 086 B 7 as uutizeg n
PrEVIOUs experumients was used (11) Preparation of the
,3ﬂe1ul suspension and labelfing of the bacteria wan
P-orthophosphate was performed a5 descrived by
Midned: & Meiby 19y The suspending medium wag

mrmln-.m using 3 bacterial suspension of 109208 Cpyy
vt
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DEGRADATION OF NON-OPSONIZED
Vp.LABELLED £ COL! BY UNSTIMULATED MOUSE
PERITONEAL MACROPHAGES

Evaluauon of 8 Method

HALVOR ROLLAG
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Norway Clo Norway

3 led £ colr by unspmulated mouse pentoneal
Reffag H Degnadavon of non-opsonzed 3'P 1abel!
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Five hours afier e wgestion of non-opsonized £ colt by mouse peryjoneal macrophages e viirt §0--
10 ger ceng of the bactena were killed tsumated as devtease i colony Jormng wmily When employ mg
Tplabetled £ ool 5660 per cent of the radwactivity was feleased 10 e med Y 2
wicrophages dundg the sagie penod of ume The mesn wumber of visually-counted bacters2 per
Tacrophage was COnstant 1n the Postimgesuve peniod  The marrophages Xiled the Mactena without
tarly deswacuon The release of radioactvity seemed to rellect the degfadanion of dauena my the

mactaphages
Key words Macrophages phagocytosis £ colr
Roilag Kakt lost Rekshospitaiet Osio 1 Norway

Rece ¢d29v7%  Accepred 21 1 79

Une of the most criucal factors in the updy of
imeraction betw eeh microofrganisms and phagocyre
lls 15 the measurement of micsobial deagh Several
wxhaiques have béen employed for 1 vitro study of
the microbscidal activity of phagosyth cells The
method mast {eduently emplayed ts pobably the
#Ssessment of microbial survival by dete"rmnation
o coiony forung wats (CFU) The .uensive
studies. of Cokn (2) howeser led to increasmg
“Tpisyment of radioactive fabelled battena and o
e measyring of the release of Label from the
prelabelieg bacieria as a means of quantfying
kiihng

The fate of non-opsonized bacteria in phagocytes
ey boen disputed synce Rowles (32} reported that
Pevigus opsoniation was neopssary for the kihng
R \n,?: fragocyized by mouse pervoneal

The aim of the present work 1s 10 evaluate how
measaring the radiosctuvty released by macropha
£2% afer tagestion of ¥V fabelied non-opsonyzed E
ol may be used as 2 method for studyiag the fate o
thus bacterum after phagocytosis

MATERIALS AND METHODS
Bacterna

E colt stam X 7 serogroup 036 B7 35 ughized w
PrevIous expenmenis Was used ({1} Prepayation of the
b‘acuml Susbension 2ad (abeliing of the bactent with
Wp.orthuphosphare was pecforored s describeq by
Midhedi & Vel (1 The suspending medum was
Krebs Ronger phasphals butfer sy 36 ™M glucose
(WRG) % hen e athermise stated GRS nene
per(ar:md whng a bactenal suspension of 105203 CFyg
ot fo



Mouse Peritoneal Macrophages

Mouse peritoneal macrophages (MPM) were obtained
from unsumutated male Ham/ICR/CSE/Bom atbino
mice Harvesting and processing of MPM were perfor
med as described in a previous paper (11) MP% were
cultivated on glass coverslips in Leighton tubes Eagles
Hanks mimimal essentsal mediurs (Grand Island Labora
tories New York) supplemented with 0 125 per cent
NaHCO3 and 20 per cent foetal bovine serura served as
culture medium  Except for 5 pg/m! of oxytetracychine
(Dumex Copenhagen) 1 the harvesung medium no
medium contained any antibtotic

Phagocy toses

The Kinetics of phagocytosis of non opsomized £ colt
by MPM has been described earher (11) MPM on glass
coverslips tn Leighton tubes were incubated overnight
washed in KRG and and transferred to new Leighton
tubes contaimng the radioactive labelled bacterra n
suspension The wubes were incubated at 37 °C in S per
cent CO2 atmosphere for 30 min At this pomnt
coverslips were removed washed thoroughly 1n hRG
and subsequently put into new Lesghton tubes with fresh
KRG The tubes were mcubated for 20 more mn to
complete the tngestion of bacteria

Release of 2F from the Bacteria 1o the Medim by MPM

At the end of the ingestion period coverslips were
removed and cautiously washed 1 KRG 1o eliminate
glass adherent and non sngested bacteria The coverstips
were then transferred to new Leighton tubes with fresh
KRG and further incubated At pre set intervals three
parallets were tested for the distnbution of the 2P
content The tubes were agitated the coverslips removed
and the medium put on ice The covershps were
transferred to tubes contaiming 1 2 m! IN NaOH [n thus
alkaltne solutton the macrophages were detached and
dissolved Protein content and radwactvity of the
dissolved macrophages were determned as previously
descrioed 1N Tne b y
was expressed as counts per mg cell protein and nun
(CPMM)

From the medum saved on ice aliquots of 100 pl
were removed for I2P determtnation The remarnder of
the medium was centnfuged at 10000xg and 2 °C for 10
munutes to pellet radioactvity bound to particles Release
of soluble 32P from the bacteria into the medium by
MPM could be expressed either as decrease 1n macrop
hage bound radoactivity Or as 1ncrease in soluble * P in
the medium The increase 1n sofuble *2P can be catcutated
from the quotient

32P in the centrsfuged medium o

agitation of the suspenston with a Vortet muer e
macrophages had disintegrated From the suspenson | 0
ml was removed for protein deterpmnation and 0§ nfl
for the counting of viable bacteria The number of viab{¢
bacteria was considered equal to the number of CFV/
after plaung of serial ditutions on solid media

Visual Counting of Bacteria tn the Macrophages

Espertments were performed as described above Al
pre set intervals the coverships were fived 1n ethanol and
stained with Giemsa stain On each coverstip the numbe’
of bactenia per macrophage was counted 10 at Jeast 207
randomly chosen macrophages

Growth of E colt and Release of 3P n the Absence of
Macrophages

E coli labelled with 32P was grown tn Leighton tubed
at 37°C and 5 per cent COp The medum e
supplemented with 30 pg per ml of bovine serurt
albunun to compensate for the proten content o
disrupted and detached macrophages The growth of £
colr as CFU and 32P activity 1n the medium before and.
alter centnfugation at 10000xg for 10 mmn w&
deterrnined at zero | 2 3 and 5 hours of incubai o
The release of 32P from the bacteria 1nto the medium was
expressed as the ratio of 3P acuvity after and befort
centnfugation

RESULTS

The tables and llustrations are based on results of
selected typical experiments Experiments were
performed three to five imes and mostly with three
parallels

Release of Radwactivity from +'F labelled E coh 0
the Medum by MPM

Soon after mgestion of I2P labefled F colt by
MPM 2P labelled molecules are degraded and
soluble 32P Is teleased to the medium Fig 1 shovs
the time dependent release of soluble P 1o ‘;hf
medum and the decrease of macrophagebound P
in the post ingestive period The curies represent
the medians of one experiment performed 18
triplicate

Spontaneous release
culuvated 11 KRG mediem sn the absen
macrophages 15 regarded as a backgrourd mwaS
This spontaneous release was 14 per cent aﬂer“
hours of cultivation in contrast to the MP!

diated release which was between 50 and 60 pef

of 3P from labelled £ colt
ce of

x
32p g coverships + 32P yn the uncentnfuged mediim

Macrophage Associated ¥ 1able Bacteria
a’;‘hepexgenmems were performed as described with
the exception that the coverslips were finally put into
beakers containing two ml of distlled water Using a
rubber eraser the macrophages were rubbed off the
coverslips and suspended 1n the watet After 10 mun of

110

cent during the same period (Table 1)
In Table 2 the distributron of label 10 one
experiment with 8 parallels 1s recorded

Sunnal of E cols Associated with MPY
The number of MPM associated viable bam’m
during meubation will be the resultant of mtraceli
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1 2 3
Hours after ingestien

1 1 Release of radioactivity from 3P labenied E col
¥ mouse peritoneal macrophages (MPM) MPM on
oversfips m Leighton fubes were exposed to 37 fabelled

<ol 10° bact per miY for 30 mun and subsequently
noubated for 20 qun w fresh medum to complete
nternalization of bacteria Coverslips were then transfer
¢d o new media and release of o the

5

TABLE | Growth of E coli tn KRG Med um

No af bacteria Release of
Tume ) ¢ mt 2P 0 the medium
0 35x 108 42%
1 49x108 70%
2 56x108 97%
3 67x10% NI
5 97x10% 140%

Growth of 3P labelled E coft (3 5% 106 per mld after
incubauon for 4 periods of ume at 37°C i 5% CO2

Release of radicactivity 10 the medium determened as the
quoent (% ) of radioactvity after and before centnfuga

tion of the suspension at 10000xg

lar multiptication on one side and the bacterscidal
actvity of MP\L on the other The results from an
expenment In which the number of viable bactena.
was checked during mcubaton 1s shown 1n Table 3
During the post ingestive period of 5 hours the
number of viable bacteria was reduced to one third
of the mutial number

Visual Counting of Bacteria i the Post ingesine
Period

med ym ouacrophage bound radioactivity and protew
conient of the macrophages were assayed after @ 1 2 3
and 5 b of mcubauon The figure llustrates the release
of 3P 1o the medum (A—aA) and decrease of
macrophage bound 3P (@ —®) Verucal bars indicate
the range Total fadiacuviry in each Leighton tube 1s seg
100 per cent The curves indicate the median of one
expeniment performed 1 triplicate

TABLE 2 Refease of Rad oactrvsiy from Phagoo ti ed

ol Geemsa stamed
preparanons afier various tmes of incubatton
revealed that the mean number of bacteria assocra
ted with macrophages was practically constant
during the expermental period (Table 4)

Distribution of Radwoacuviy during the Post
ingestive Period

Dunag the post ingestive period some MPM
become disintegrated and detach from the covers

3 P labelted E coli Accuracy of the Experimental System
—_—_—

Time Macrophage bound

Refease of $2p Prot i
Y 12 activity (CPMM » 1090 o the medsum® the n::ezn;s"(‘..:
[ 105(79-109) [ 4
S 8(39 641
) &2(51- 74) 25021 6-280) JZ6(140~4§3))
3 48(40- 541 15904349 270Q40-336)

: Counts per mg celt protesn and mun
Percentage of totaf radioactvaty an each w

be
Macrophages were esposed 1o 1 P labelled £ ool {109 1
med um For N m = .

v

'

22t per b} for 30 min and suhcen on



Mouse Peritoneal Macrophages

Mouse peritoneal macrophages (MPM) were obtained
from unsumulated male Ham/ICR/CSE/Bom albino
muce Harvesting and processing of MPM were perfor-
med as described 1n a previous paper (1}) MPM were
cultivated on glass coverslips in Leighton tubes Eagle s-
Hanks® menimal essential medium (Grand Island Labora
tortes New York) supplemented with 0 125 per cent
NaHCOj and 20 per cent foetal bovine serum served as
cufture medium Except for § pg/ml of oxytetracychine
{Dumex, Copenhagen) In the harvesting medum, no
medium contained any 2nuibiotic

Fhagocy tosis

The kinetics of phagocytosts of non-opsonized £ colt
by MPM has been described earlter {11} MPA{ on glass
coverslips 1n Leighton tubes were incubated overmight
washed 1n KRG and and transferred to new Leighton
tubes contamng the radwacuve labelled bactera in
suspension The tubes were incubated at 37 °C tn § per
cent CO» atmosphere for 30 min At his point
Coverslips were removed washed thoroughly in KRG
and subsequently put into new Leighton tubes with fresh
KRG The tubes were incubated for 20 more mun 0
complete the ingestron of bacteria

Release of 2P from the Bacteria to the Mcdium by MPM

At the end of the mngestion period coverslips were
removed and cautiously washed m KRG to ehminate
glass-adherent and non 1ngested bacteria The coverslips
were then transferred to new Leighton tubes with fresh
KRG and further incubated At pre set ntervals, three
parallels were tested for the distribution of the 2P
content The tubes were agttated the coverships removed,
and the medwm put on we The coverslips were
transferred to tubes containing 1 2 my IN NaOH In this
alkaline solution the macrophages were detached and
dissolved  Protein content and radwactivity of the
dissolved macrophages were determined as previously
described {11) The macrophage-assocsated radspactvity
was expressed as counts per mg cell protein and min
{CPMM)

From the medium saved on ice aliquots of 100 yl
were removed for 2P determination The remainder of
the medium was centrifuged at 10000xg and 2 °C for (0
nnutes to pellet radioactivity bound to particles Release
of soluble 2P from the bacteria nto the medsum by
MPM could be expressed esther as decrease in macrop
hage bound radioactivity of as increase 1n soluble 3P in
the medium The iricrease 1n soluble 32P can be calculated
from the quotient

32P 41 the centrifuged medium .

agitation of the suspension with a Vortex miter the
macrophages had disintegrated From the suspension | §
ml was removed for protemn determmnation and 05 ml
for the countng of viable bacteria The number of viable
bactersta was considered equal to the number of CFL
after plating of serial dilutions on solid media

Visual Counting of Bacteria in the Macrophages

Expermments were performed as described above At
pre-set mtervals the coversltps were fixed i ethanol and
stained with Giemsa stain On each covership the number
of bacteria per macrophage was counted n at least 200
randomly chosen macrophages

Growth of E coli and Release of 2P n the Absence of
Macrophages

E coli labelled with 32P, was grown 1n Leighton tes
at 37°C and 5 per cent CO; The medum %
supplemented with 30 pg per ml of bovine sent
albumint to compensate for the protewn content o
disrupted and detached macrophages The growth of £
col: as CFU, and 32P acuvity in the medwm before and
after centnifugaton at 10000xg for 10 mm 33
determuned at zero, 1, 2. 3 and 5 hours of incubation
The release of 32P from the bacteria into the medium %8
expressed as the rauo of 32p acuvity after and before
centnfugation

RESULTS

The tables and illustrations are based on resuls of
selected, typical experiments Experiments were
performed three to five times and mostly with shree
parallels

Release of Radwactuy from 32P-labelled E colio
he Medwm by MPAM
§ Soon afler);ngesuon of IP-jabelled £ colt b;’
MPAM, P [abelied mofecuies are degraded 2
ble 32P 1s released to the medm Fig 1 shovs
the ume-dependent release of sotuble Pt :}j;
medium and the decrease of macrophagebound :
In the post-mgestive period The Torves yepresen!
the medians of one expeniment performed 19
triplicate
gpomaneous release of 2P from labelled £ <0l
culvated 1n KRG medum 1 the absence @

1
macrophages 1s regarded as a background activty
cent after

solul

This spontaneous release was 14 Delf e MPM
ton n contrast (o -
hours of culuvau 0 and 60

diated release which was between

32p on coverslips + 32P 1n the uncentrifuged medium

hage Associated Viable Bactera
Mql'ttr\':pex:enmems were performed as described with
the exception that the coverslips were finally put into
beakers contatnng two ml of distiled water Using 2
rubber eraser the macrophages were rubbed off the
coverships and suspended 10 the water After 10 min of

110

cent during the same period (Table n
In Table 2 the distribution of fabef ¢
expertment with 8 parallels 1s recorded

n one

Survnal of E coli Associated with MPY
The number of MPM-assoctated, viable bm;r;ﬂ
during sneubauon will be the resultant of Intrace
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Fig 1 Release of radioacuvity from P labelled E eolt
by mouse perioneal macrophages (\PRD MPM on
canerstips yn Lesghion ubes % ere exposed to 2P Labelled
E coli 1105 bact per mi) for 30 mun and subseguenty
incubated for 20 mn n fresh medim to complete
wnternalizauon of bacteria Coversiips were then transfer
fed 1o Tiew media and release of o the

TABLE U Growth of € toh in KRG Medfgurtt

Do af bacieria Retease of

Time thY

get mt 33 1o the medram
— e
0 35x 1ot 42%
1 49x 108 70%
2 §6x 108 9%
1 67108 "%
5 97x 108 ILLAN

Growth of 3P Jabelled £ cofe (3 5% 108 per ml} afier
\acubauan for 4 periods of tme at 37°C n $% CO2

Release of radioacuyity to the medium determyned as the
auotient [%) of radjdacuvity afier and hefore centrifuga

nion of the suspension at 10000

lar mulpplication on one side and the hacteriaidal
activity of MPM on the other The resohis from an
experiment 1n which the number of viable bactersa
was checked dunng tncubation s shown in Table 3
Dunng the post 1ngestine period of § hours the
number of viable bacteria was reduced to pne third
of the il number

Visual Counting of Bacteria in the Postangosine
Feriod

medium  macrophage bound radioactivity and protein
content of the macropbages were assayed after 6 3 2 3
2nd S b of sncwbavon The figure tlustrates the release
of 3P 1o the medm (A—A) 2nd decrease of
macrophage bound 2P (@—m) Vertical bars indicate
the range Total radioacuvity i each Lerghion wbe (s ser
10 100 per cent The curves ndicate the median of one
experiment performed 1 teiplhcate

o Giemsa-stamed
preparauons after vanous times of incubation
reveafed that the mean number of bacteria associa«
ted with macrophages was practically constant
duning the expertmental period (Table 4)

Distribution of Redioactnitsy  during the  Fost-
mgestne Period

During the post wgestive period some MPM
become disintegrated and detach from the covers

TABLE 2 Release of Radioactivity from Phagocs tized 2P labelled E colv Accuracy of the Experimental System

Time Afacrophage bound
th) 3P acuvity (CPMM » 1098
105(79-109)
1 62(51~ 74)
3 48140~ 53}

* Counts per mg cell proten and s
Percentage of 10121 radioacuvity 1n each tube

Mactophages wese exposed 1o 3P-tabelted E coli (109 baey ans -

medum for 30 mim e comple s 1=
NV media g tee e,

e
assiyed afie + |

-

Refease of P
@ the medwmd

g
250021 6-28 01
389(348-448)

Protem content of
the covershps (yg)

45 8139 6~48 0)

316024 06 &)
27004 0-336)



Mouse Perttoneal Macrophages

Mouse peritoneal macrophages (MPM) were obtained
from unsumulated male Ham/ICR/CSE/Bom albino
mice Harvesting and processtng of MPM were perfor-
med as described m a previous paper {11) MPM were
cultvated on glass coverships 1n Letghton tubes Eagle's-
Hanks' minimal essential medium (Grand Island Labora.
tories, New York) supplemented with 0 125 per cent
NaHCO; and 20 per cent foetal bovine serum served as
culture medium  Except for 5 pg/ml of oxytetracychine
(Dumex, Copenhagen) 1n the harvestng medium, no
medium contained any antibiottc

Phagocy tosis

The kinetics of phagocytosis of non opsonized £ coli
by MPM has been described earlier (11) MPM on glass
covershps n Leighton tubes were incubated overmght
washed 1n KRG and and transferred to new Leighton
tubes contatng the radioactive labelled bactera in
suspension  The tubes were incubated at 37 °C in § per
cent COz atmosphere for 30 mim At this pont
covershps were removed washed thoroughly 1n KRG
and subsequently put 1nto new Leighton tubes with fresh
KRG The tubes were incubated for 20 more min to
complete the mngestion of bacteria

Releasc of P from the Bacterta 1o the Medium by MPA

At the end of the ngestion period coverslips were
removed and cautiously washed m KRG 1o eliminate
glass-adherent and non ingested bacterra The coverships
were then transferred to new Leighton tubes with fresh
KRG and further incubated At pre set intervals three
parallels were tested for the distribunion of the 32p
content The tubes were agitated the coverships removed
and the medium put on ice The coverslips were
transferred to tubes contarnng { 2 mi IN NaOH In this
alkaline solution the macrophages were detached and
dissolved Protein content and radioactivity of the
dissolved macrophages were determined as previously
& 1D Tre
was expressed as counts per mg cell protein and min
(CPMM)

From the medium saved on ice aliquots of 100 pl
were removed for 2P determination The remander of
the medium was centrifuged a1 10000xg and 2 °C for 10
munutes to pellet radioactivity bound to particles Release
of soluble 32P from the bacterta nto the medum by
MPM could be expressed esther as decrease in macrop
hage bound radioactivity ot as incre e in sotuble 3P in
the medium The increase 1n soluble P can be calculated
from the quotient

32p 1n the centrifuged medium

x
32p gn coverslips + 32P in the uncentrifuged medium

Macrophage Associated Viable Bacierta

Thcpexpenmenls were performed as described with
the exception that the coverslips were finally put into
beakers contatming two mi of disulled water Using a
rubber eraser the macrophages were rubbed ofl the
covershps and suspended n the water After 10 min of

110

agitation of the suspension with a Vortex miver (e
macrophages had disintegrated From the suspension § §
ml was removed for protein determination and 08 my
for the counting of viable bactena The number of viahie
bacterra was considered equal to the number of CFy
after plating of senal difutions on solid media

Visual Counting of Bactena in the Macrophages

Experiments were performed as descnibed above A
pre set intervals the coverslips were fixed in ethanol and
stained with Giemsa stain On each covership the number
of bacterta per macrophage was counted 1n at least 200
randomly chosen macrophages

Growth of E coli and Relcase of 1P the Abserce of
Macrophages

E colt labelled with 2P, was grown in Leighton tubes
at 37°C and S5 per cent CO; The medum ¥
supplemented with 30 pg per ml of bovine sehim
albumun to compensate for the proten conient of
disrupted and detached macrophages The growth of £
colr as CFU, and 32P actvity m the medwm before 20
after centnfugation at 10000t for 10 mmn wi
determined at zero 1 2 3 and § hours of incubston
The release of 3P from the bactersa tnto the medium i
expressed as the rauo of 3P actvity after and belore
centnfugation

RESULTS

The tables and illustrations are based on results of
selected, typical experiments Experiments ®ere
performed three to five times and mostly with three
parallels

Release of Radioactnity from . jabelled E coltly
the Medum by MPM

Soon after mgestion of 3P-labelled £ colt by
MPM, P labelled molecufes are degrad®d 2nd
soluble 32P 1s released to the medwm Fig 1 shows
the ume-dependent release of soluble 3P to :hl:
medium and the decrease of macrophagebcund
1 the post-ingestive pertod The curves represent
the medians of one expeniment performed m
triphcate

Spontaneous release of
culuvated in KRG medwm 1n
macrophages 15 regarded as a background
This spontaneous release was 14 per cent aﬂer“
hours of cultivation, 1 contrast to the MP
mediated release which was between 50 and 60 per
cent during the same period (Table 1

In Table 2 the distribution of label m on¢
experiment with 8 parallels 1s recorded

32p from tabelled £ ool
the absence of
actvity

Survinal of E colt Associated with MPM
The number of MPM-associated, viable bactena
duning mcvbation will be the resultant of intracellu



noted by others fwata ef ol Beckerdite et al and
Friedlander have reported that some Gram posiuve
and Gram negalive bactena ‘betame nomviable
Yefore destrucnon of thear cell wall Wwas evident (6
15
The atraceliutar killing of bactena s accompa
wed by 2 rapyd tncrease w the permeability of the
tacterial envelope which renders the malecules of
the bactersal cytoplasm open to attack by the
digestine enzymes of the phagocytes (1 4)
Degradation of microbial molecules and subsequ
ent release of molecular wnarkers to the cultufe
medum have been used to guanufy killing
wcluding measutement of released radicacuvily
from microorgamisms prelabetled with varrous
Tadiaciive 15010Pes
The ume-dependent release of 1Sotopes depends
on the classes of molecules they label The extensive
studies of Cohnt {2) on the fate of phagocytized 2P
Iabefled bactera showed that the thee major classes
of molecules labelled by this marker are proteins
RNA and DNA He also documented that the
protens are degraded (irst followed by RNA and
DNA and that the release of ? P starts immedsately
after the mgesnon of the bactena The mmmal lag
berwmeen kiling event and release of label 15
canfirmed 10 our study (Fig | Table 3)
Friedlander (5) observed (hat the release of
fadioacuvity from bacterial DNA labetled with 14C
thymidin could be directly correlated to bacterial
death There was however a substantal lag
Between the killing and the release of tabel The use
of a fahe] that 1s released shortly after the killing
event makes the system mofe sensitive bui also less
spectfic () W hen factors influencing the kithing are
Studied 2 sensiwve system 1S mandatory
Re incorporanion of released label re mgestion of
bacteria hiberated by egestion or distuption of
nacrophages represent possible sources of error
vhen radio-labelled bacteria are used to measure
hagocylosis o mtracellular kiling We have
sreviously reported that this 1s of minor 1mportance

Ltngfown 1n the absence of macrophages the
Spomtaneous release of radwactivity from 2P
Yabelled £ col was 14 per cent after 5 hours of
cufuvaton  The release of radicactivity Jrom
macrophage associated bacteria was 50-60 per cent
duning the same period (Fig | Table 1}

Fig 2 shows that 1 the PpOst Ingestive penod
the niedium contains soluble 3 P and P that can be
pelleted at 10000xg for 10 muntes Frsediander (5)
documented 1 tus experiments that almost afl
Soluble radioactivity femaned 1n the Supernatant,

when the culiure mediumt was centnfuged as
described These results are 1n agreement with the
Gadwgs af Cohn (2} on the fate of bacterta mngested
by phagocyuc cells He demonstrated that P
fabelled molecules of phagocytuzed bactera were
degraded and excreted to the medium as smalt
soluble molecules The amount of soluble 3 P in the
medium corresponded 1o the bactersal breakdown in
the phagocyte 2}

Rowley (12) could not demonstrate that MPM
had any ciddl effect on non-opsonized E colt
Stergbiget ¢t al 114) Tound that human monotytes
were able 10 phagocyuze and kill non-opsonized £
coli Staph avrcus and Salmonelio sp Men el eral
(7) atserved that human monocytes phagocytized
and killed non-opsonwzed £ colt Mudnedt &
Baardsen{8) using the same strain ol £ ¢ols as used
n our work found that rat polymorphonuciear
leukocytes kalled opsomzed as weli as non-opson
2ed bactena at approuimately the same rate as our
MPM

It has been argued that polymorphonuclear and
mononuclear phagocytes have the same killing
capacity and that the wtracellular illing depends
more on the microbial species than on the type and
source of phagocytes (10 14) Prelminary data int
our laboratory indicate that the time lag between
attachment and complete nternatisation of non
opsomized £ gols by MPM 1 about 15 aunutes (0
be published tater} To ensure that afl bacteria were

camoa

Ivesugators may be due to a slower rae of
miernshsation {19 14}

Mononuclear phagocytes hase at least three
funcuanal receptors fos the recogmion atiachment
angd sub ol micT
the Fe receptor he complement receptor and the
non-specific receptor (13) OQur in wtro studies
strongly 1ndicate that van-apsomized £ ool
internalized via the mon speaific receptor and
subsequently killed and destroyed by MPAf An

OPSON a7 Ar ~fhawea &
m
@
w
des nu wietiod provides resul

s of consistent
accuracy and therefore should be well suted for the

study of f;
s \y‘ actors influencing the kiting capacaty of



TABLE 3 Viability of Macrophage Assoctated E coly in
the Post Ingestne Period

Time (h) Bactenia per mg cell protein x 103
) 220212 3)
{ 14011 5y
2 09(07-12)
3 1T~ 0)
s 08(08-09)

Macrophages on coverclips were exposed to E coli (10Y
bacteria per mi) for 30 min and subsequently incubated
mn {resh medium for 20 min to complete ternalization
of bacteria Macrophages were disintegrated by hypoto
me fysisafter 0 T 2 3and 5 h of further 1ncubation
Bacteria were counted as CFU and the protein content of
the macrophages assayed The results are expressed as
CFU per mg cell protein Median and range from one
experiment performed in triplicate

hips Radoactivity n the medum thus represents
not only soluble 2P from disintegrated bacteria but
10 some extent also VP bound to detached MPM
and bactera The distnbuton of radioactivity
between macrophages on coverslips soluble VP
the medum and particle bound radioactivity 1n the
medium 15 visuahized m Fig 2 The radioactivity

d with the gradually decrea
sed as the radioactivity n solution Increased
Radioactivity associated with detached macrophages
‘was increasing only slightly

DISCUSSION

The majority of bacteria are killed rapidly after
ngestion by phagocyres (2 §) The most common

TABLE 4 Fisual Counting of Bacteria per Macrophage

Time (h)  Mean number of bactenta per macrophage
0 198 67 54 9s
\ 230 68 49 99
2 234 65 49 91
3 07 63 47 97
H 24 62 4> 94
[

Macrophages were expased to £ enft (109 bact per mi)
for 30 mun and subsequently sncubated in fresh medium
for 20 mun o complete mternahizaton of bactena
Coverslips were fived 1n ethanol and stuned after0 1 2
3and $h of further mcubanon The pumber of baciena
in about 200 macrophages were Counted on each
coverslip Results from four experiments each with one

or two parallels

112

100
S0
Dswemc(un
80
[Tsetmen

| [T Macrophoge

w2
o

Tzzz 1
i2777 771

Per cant radionctvity
i
>

1 H 3 5
Hours afler ingestron

Fig 2 Distrbusion of radioactnvity {per cent of towl
actvity) among MPM  suspending miedum and sed
ment when 1P 1abslted £ coli had been phagocytized by
the MP\{ and the suspending medum centrifuged at
10000 x g for 10 mmn Results from one expenment
presented 1n Fig 1

way to determine the kiling of bacter b
phagocytes has been to determine the ume-depen
dent decrease 1n the viability of phagocyteassooied
bacteria as a decrease 1n CFU Qwing to aggregation
of bacterra during the necessary lysis of e
phagocytes counting of CFU 15 subject to comide
rable sampling errors {5} M of bacten2
within the phagocytes or in the medum aher
release from distupted macrophages 1 a0 2
possible source of error tn such assays

We tried (o overcome some of the problems by
counting only the bacteria bound to macrophages
left on the coverslips and then calculating bactend
per mg cell protem (Table 3) When assayed ﬂ;l;
way intracellular hilling of bacteria was ajmost
per cent within one hour of complete mgesuot

The decrease 1n macrophage associated \mbfe(
bacteria must be correlated to the mean number O
bacterta per macrophage counted visually 1o out
expeniments the mean number of bacteria “:j
almost constant during the pastdmg:slne RN
(Table 4) This indrcates that the decrease 1n
per mg cell proten observed 15 due to the t\actct‘l:
being killed or suffenng reduced viabilty
possible ntracellular multiphcation ean not be rul
out ;

The absence of morphological alterations o
bactersa in the carly post ingestive period s also
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CHARACTERIZATION OF THE BACTERICIDAL
ANTIBODY RESPONSE AGAINST
HAEMOPHILUS INFLUENZAE
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Dahlberg T & Branefors P Charactenzauon of the bacteriadal anubody response agamnst
Haemoph lus influen ae Acta path microbiol scand Sect. C 88 115-120 1980

Rabbits were used 1n a study of the bactericidal (BC) anubody response aganst capsulated Hoemaphtus
influen ae of types a and b and their respecuve non-capsulated vartant stramny Previously described
methods complement fixation and indirect were used for A

antibody response was demonstrable Within a week after the prmary immunization against capsulated
as well as non capsulated bacteria  After the bypenmmunizaion course the BC tures agamnst non
capsulated bacteria Were about | 4 000 while the BC utres against the capsulated ~ types 2 and b—
surains reached levels of no less than | 330 000 Samples of separated hypenmmune sera showed BC
acuvity in IgM as well as [gG-containing fractions whereas the BC acuvity of primary response
samples was demonstrable mainly in [gM-contaming fracuons The BC effect on non-capsulated
bactena of primary Tesponse samples Were more heat labile than those obtamed after hyperimmuniza
tiont In immune sera a crossreactive BC acuvity was demonstrable on non-capsulated bacteria the utre
bang 32 64 fold lower han that of the homologous actrvity

Key words Haemophilus snfluen ae capsulated non-capsulated bactericidal antbodies

Teresa Dahiberg Institute of Medical Microbiology Guldhedsgatan 10 S 413 46 Goteborg Sweden
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It has been known since 1932 from the work of
Ward & Wright that a BC effect could be produced
on capsulated H influen-ae by immune serum
ontaining complement (15) The BC effect of

m sera from immuneed anmals while the non
capsulated bacterra were also senswve t0 prem

mune sera the effect betng ehminated by heating 10
56 °C for S sun

antcapsular antibodies 15 well as

The aum of the present investigation was to study

Teported 1n an extensive review by Solotorovsky &
Lynn 1n 1978 (14) In addison anubodies aganst
somalic antigens can probably be bactericidal since
absorpuon with punfied capsular substance did riot
ehmunate all BC effect {1 9 10 13} Whether both
kinds of antibodies may contribute to protection 15
still an open questien (14)

In a previous study we have established sunahle
Experimental condiions 1 rabbit sera for tesying
Complement-dependent BC actvity against capsula
ted as well as non-<apsulated H nfluenzae (5) The
results showed that a heat stable (56 °C § mmn) 8C
effect on capsulated B influenzae was ©Obtaned only

e pi of BC antib
I8G class aganst capsulated and non-capsulated
influenzae 10 tabbus altar primary and booster
imections The use of capsulated bacteria and non
capsulated vanants made 1t posstble to study the BC
effect of antibodses directed against the capsular and
the cell wall antigens respectively

the d of IgM as well as

MATE!
Strams ATERIALS AND METHODS

H influenzae type a stram Smuh (v,
2) H anftu
pe b stram RAB (Mb) and thesr fespective ?:;:l
Capsulated varianis{Sa and Sb) were used in s study as
well 25 10 the previous swdies (2 3 )
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Rabbits were used mn a study of the bactericidal (BC) anubody response agamst capsulated Haemoph lus
influen ge of types a and b and their respectve noa-capsulated vanant strains Previously descnibed
methods complement fitation and indirect were used for A

2ntibody response was demonstsable within 3 week after the primary immunizaton against c2psulated
as well as pon-capsulated bacteria After the hypenmmunization course the BC utres against non
capsutated bacteria were about 14000 while the BC titres against the capsulated ~ types a and b—
strains reached levels of no lfess than 1130000 Samples of separated hyperimmune sera showed BC
actvity w §gM 2 welt 35 1gGecontaming fsactons whereas the BC zctviy of primary tesponse
samples was demonstrable mainly m lgM-contamnng fractions The BC effect on non-capsulated
bacterna of primary resporise samples were more heat labile than those obtained afier hyperimmunga
e In wmemane sera a crossreactive BC acuvity was demonstrable on non-czpsulated bacteria the utre

being 32 64 fold lower than that of the homologous acuvity
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1t has been known since 1932 from the work of
Ward & Wright that a BC effect could be produced
on capsulated f influenzae by immune serum
contaimung complement (15) The BC effect of
anucapsular anubodies 15 well

m sera from immunized animals while the oo
capsulated bactenia were also sensttve to preym
mune sera the effect being elimmated by heating to
56°C for § mumn

The aim of the present mvesugation was to study

as
reported 10 an extensive review by Solotorovsky &
Lynn 1n 1978 (14) In addwion anubodies against
SOmanc antigens can probably be bactericidal smce
absorpuon with punfied capsular substance did not
eliminate all BC effect (I 9 10 13) Whether both
Xinds of antibodies may contribute to Pprotection 15
stil an open question (14)

1 a previous study we have established suitable
exner man

- 1 Stuwed that a heat stable (56 °C 5 min) BC
effect on capsulated A influenzae was obtaimed only

the of BC antibx of 1gM as well as
IgG class agamnst capsulated and non-<apsulated H
wnfluenzae 1 rabbuts after prnimary and booster
myecions The use of capsulated bacteria and non

capsulated vanants made it possible to study the BC
effect of antibodies directed against the capsular and
the cell walf anuigens respectively

MATERIALS AND METHODS
Straing

H influen aetype a strain Smuth (Ma) iyl
pe b stram RAB (Mb) and therr Iﬁpec‘v_xvew:o:e
Capsulated vartants (Sa and Sb) were used n ths study a5
Well as 10 the previous studies 2 3 5y

s



Annsera

Immumization procedure Serum samples from the
rabbuts used 1n a previous study were employed in this
nvestigation too For each ol the four strains two
rabbits were given a primary rmmumzation with 108
bacteria and four weeks later a booster dose of the same
amount After another three wecks a hyperimmunization
course was started and each rabbit was given a total of 2~
4 % 1010 bacterta The immunization schedule and the
bleedings performed are indicated n Figs | and 3

A sceond sertes of rabbits were immunized with Sa
and Sb bacteria two rabbits for each strain A primary
dose of about 108 bacteria was given and cight weeks
Tater a booster dose of about the same amount After
another six weeks 2-3 further injections were given
within a period of 4 weeks Lach of these rabbits was
givenn totat 4~5 x 108 bactena

Heat treatment of sera was performed by incubaung
serum samples 1n a waterbath at 56 °C for 5 min and 30
min

Separation of sera was performed by filtration of 4 m!
serumona 77 x 2 § cm column of agarose (Biogel AS
m Bio Rad Lah Richmond Calhf USA) phosphate
(0 05 M) buffered saline {0 5 M) pH 7 betng used for
elution The flow rate was 10 ml/h The optical density
(OD) of each § ml fraction was measured at 280 nmon a
Beckman DB spectrophotometer  The fraction were
tested for IgM and [gG content by double diffusion 11
agar employing antisera specific to the Fc part of rabbut
[gG and 1gM heavy chain (Nordic Immunologtcal
Laboratories Tilburg The Netherlands)

Serglogical Mcshods

Bacterictdal assa (BC) was performed on twofold
serial difuttons of sera or on serum fractions with guinel
pig serum (dilutton 1 20 for Sa and Sb undiluted or
difutton [ 2 for Ma and Mb) as source of complement
(C) as previously described (5)

Indirect hemagglunnanon assay (IHA) was used w
measure antibodies against the capsular antigen and
complenent fixatton (CT) with bactertal suspension of Sa
and Sb bactera as anugen was used (o measure
antibodies against O antigens and other celt wall antigens
as described previously (4)

All serum samples obtained from each rabbit were
tested on the same occasion for tach assiy

RESULTS

Antibody Response During Immunizatton iwh Ma
and Mb Bacreria

The results summarized 1 Fig | show thata
capsular antibody response was demonstrable with
IHA four days after the primary immunizauon
reaching maximum levels after one to three weeks
The booster dose caused only a shight and short titre
increase whereas the hyperimmunization gave rise
to a pronounced mcresae it IHA ttres

4

o]
I B e i b S B e S A B
1
63500
BC (unhes o9 tarum)
4004
218 -}
Anti Ma1 ¢
1 AntiMa 2+
w- Antr Mb 1
AntiMb2 ¢

B e o I S AL

e . [ ” 16weeks
¢ ' s b ectons
[ ot v bleedngs

e
Fig 1 Development of hemagglutnatng Ay wnd
bactericidal (BC) anubodies during the immunmizition
course for the two anti Ma and the two antt Mb ratdu
sera

No BC actvity was obsenved before immuniza
uon but four days to one weck after the primary
smmunzaton a BC elfect was demonstrable The
hypenmmunizagon ¢ourse resulted 1 titres rapdly
|ncreasing to very high levels the final tstres betne
about 1 131000 (Fig 1) The BC actvity of the
heated primary response antiserum samples remai
ned unchanged after heating to 56 oC for 30 mun

In A-S m separated serum samples obtained one
week after the primary immunization low BCutres
1n TgM contaming fractions were demonstrable for
both the anti Ma and anti Mb sera while IHA nitres

wrable (Fig 2a) Samples of
were not demonstr b gMn B Sapes

ctions a8

ag much

tugher BC utres than the former In 1ght containing

fractions the 1HA titres far exceeded the BC uitres

while the reverse was true for the JgG-contamng
fractions {Fig 2b)

The antibody response of the ant1 Ma and antt

Mb sera agamnst corresponding non-capsulated
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vanant showed that CF titres and BC acuvity lstahte
© 56°C 5 tunl were demonstrable afier the
primary immumzation The CF and Bcumm
during  hyper were 1w
those of the anti Sa and anu Sb sera respectinely
“The finat BC titres are given i Table |

Annbody Response During Immune-aton with Sa
and Sb Batiena

The results summanzed i Fig 3 show thatw
the prepmmune serd CF antibodies agatnst Sa and
Sb bactena were not demonstrable while 24 days
aftes the pamary mmunizaton CF anubodies
weye revealed with mavimal ttres afier about one
week The CF utres after the booster dose were of
the same magnitude as those after the primary
immunzation Dunng  the hypenimmunizanon
course the ttres gradually increased about 15 fold
for the anu Sa and about 64 fold for the anu Sb
stra

There was BC activity against Sa and Sb bacreria
1 the unheated preimmune sera and the primary
and booster immunizations did not cause any
sigrificant ttre inctease (Zfourfold) Durnng the

o

Fr onoumbs 3m wach
Fe 2 IHA ana BC utres of any Mb serum 1 samiptes
obned n fghf and IgG fracuons of AS m agarose
separaled serum

4l serum sample one week afier pr mary immunization
b {'ral serum sample

Gunea pg serum n dluton | 2 added as source of C
The OD at 280 nm of the fracuons 1s marked by the
dotted ) ne

TABLE | Final Bacter cudal Tures of the £ ghi Rabb 1
Antsera Tested waht Ma-Sa and Me-S Bactera
Respect vels

Test bacter a ant Sa ant Ma
% 112048 12048
2 14100 12048
Ma 1128 1121000
2 1256 U L31000
————
any 3b anl Mp
———
b 18200 12048
2 116400 14100
Mo 112048 L 131000
2 14100 1131000

P course a a gradual utre inerease
was obtained resulting 1n 64 to 256 fold higher
twres 1o the final serum samples than in the
premmmune sera {Fig 3 and Table 1}

W hereas tne preimmune sera nad no BC effec
on Sa and Sb bacieria after heatng to 56 <C for 5
mun the anu Sa as well as the any Sb serum
sarples obtsined 2~% days afier the primary
immunuzation retained therr BC effect after beating
to 56°C for S run {Fig 3} When heaung was
extended to 30 mn however no BC actuvity could
be detected until 1-2 weeks after the hypersmmuny
zation course bad started The qtres than rose
wabin 150 weeks 10 about the same levels as those
of unheated serum samples (Fig 3)

In A5 m separated samples of preymmune sera
netther CF utres nor BC actvity was demorustrable
aganst 52 or Sb bactera However in the AS m
separated samples from the anu §a seca obtained
oné week after the primary immunization CF tityes
and BC actvity was demonsirable in both gV ang
Ighcontatnng fractions (Fig 4 4) The correspon
ding ant Sb sera showed CF ytres and BC
only 1n TgM-containing fractions

T the Fna camloc ~Flon b L

aasaty

-

1gM and 1gG-contaimng fractions from
response samples retawed thetr BC actvity afy
ter
heating {0 56 °C far 30 msnt s contrast to \hey whole
serum samples However when such a serum
sample Was first heated 10 $6°°C for 30 mm and

primary



Titre

cF
20480 =]

1280

#0-]

s

P

655004

Titre
BC heated serum 56°C smm

400
256
%
1
ot
SILENLNEL S B R s et e e o o
BC heated serum 56°C30m n
4100
256

Anti-Sa 1 »
Anty Sa 2.
Ant Sb1 .
Anti §b 2.

ey [

T T T

” 16 we
[ I R inject
10 1 e v ableed

- o

mar

Fig 3 Development of complement fixing (CF) and bactenicidal (BC) antibodies durtng the immumzatiot
course for the two ant $a and the two anti Sb rabbyt sera

then separated, no BC activity was demonstrable 1n
any fraction

A BC effect of the ant-Sa and any-Sb sera
agammst Ma and Mb bacteria respectively was
demonstrable only m samples obtamned from the
latter part of the hypenmmunization period The
BC utres of the final samples of the ant: Sa sera
against the heavily capsulated Ma bactenia were
considerably (16-fold) lower than agamnst homolo
gous Sa bactena, while the BC titres of anu Sb sera
against Mb bacteria, which has ordmnarv thick
capsule were only fourfold lower than arainst
homologous Sb bacteria (Table 1)

Crossreactine Bactericidal Acininy
Samples from both ant1 Sa and ant1-Sb sera were
tested against bacteria of the heterologous capsula
ted and non-capsulated straimns 1t order to reveal a
possible BC effect It was found that heated serum
samples (56 °C, § mun) obtained from hyperimmu-
nuzed ammals (given about 2-4 X 10'®bacterna) as
well as from the second series of ammals, given

1R

only about 4 x 103 bactenia, had a BC effect ¢
heterologous non-capsulated bacteria  The hormoh
gous BC titres of the ant-Sa and the ant1 §b set
were 32-64-fold higher than the heterologous titre
which ranged between | 16 and 1128 Fg
lustrates a representative expermment imohin
antt-Sa serum and Sa and Sb bactensa The figur
also ilfustrates the gradual decrease in BC effec
generally observed on heterologous bactera witl
ncreasing serum dilutions, as opposed 1o the rapy
decline of the homologous BC effect

DISCUSSION
The results of studies on antibody response against
capsulated # revealed antibodies against

capsular polysaccharide witht a week after the
primary immumzation by means of IHA as well a5
ELISA (to be published) The induced antibodies
showed BC activty and were of JgM class
indicating 2 primary type of response The serum
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samples obtained alter hypenimmunization showed
very igh BC utres mannly of IgG class The IHA
pitres were somewhat higher 10 JgM than m 112G
contaiming fractions an 1ndication that this method
1s much more sensitive for measuring 1M class
anubodies than those of 18G class A distribunion of
{HA and BC acuvity in the 1gM and 1gG fracuons
similar to that n the rabbit hypennmmune sera has
been reported for a human serum after a single
immumzaton with # influen ae type b capsular
substance (7) The secondary type of response afier 2
single injection of anugen may be explained by the
existence of an immunological memory for M
1nfluen.ae polysaccharides in human adult mdivid
vals

The studies on anubody response against non
capsulated H tnfluen ae tevealed antbodies within
a week after the pnmary immunization using
bacterial suspensions as antigen for 2 CF test as weil
as punified from
H influen ae {LPS) as anugen for ELISA (1o be
published) A BC effect of these antibodies was
possible to observe by heaung serum samples to
56°C for S min this treatment destroyed the BC
effect on non-capsulated Ff mfluenae obsenved in
preimmune rabbit sera {5} The presence of speaific
antibodies 1n primary response samples was further
supported by the finding that sn AS m separated
sera [V and for anuSa also I3G-contawmng
fracuons CF and ELISA LPS titres (unpublished)
were demonstrable together with a BC effect

The BC acuwity of primary response antibodtes
agamnst non<capsulated bacteria was found to be
abolished by heating whole serum to 56 °C for 30
mun while 1n AS m separated serum samples the
BC acuvity of 1gM and IgG antibody contaming
fractions were not aflected by this treatment In
contrast  the hypenimmune
capsulated hacter 2 re a mad o

sera against non

uv tperu ents performed no explananon can be
given for the discrepancy between non-apsulated
and capsulated bacteria concerning the heat labshty
of the primary response BC effect
As a practical consequence of these observagons
for measuring BC antibodies 1t might be advisable
toheat serato 56 °C for no longer than § min synce
this treatment 1s sufficient for destroying the BC
:?'uu c;xg influenzae observed 1n Ppretmmune sera
robal ca
ac\nsauon ly caused by the alternative pathway of C
Concermung the spectficity of the antl
disected agansy the capsular antsgen al;;‘:: z()l:,
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bactericidal The results of the present investigation
support those of previous studies {14) The BC
method appears to be very sensiuve for measuring
ant: capsular antibodies, a BC effect of the primary
response being d able in IgM

fractions 1n which THA utres could not be revealed

Samples of antisera agatnst the non capsulated Sa
and Sb bacteria taken during the primary immunt
zation were not bactericidal for the corresponding
capsulated bacteria (Ma and Mb respectively) wiile
samples taken from the latter part of the hyperim
munization course were bactericidal for capsulated
bacteria of the respective strain This might indicate
that antibodies directed agatnst cell wall antigens
can penetrate the capsulae causing 2 BC effect
provided their avidity 1s hugh enough This suggest
that antibodies agamnst cell wall antigen(s) may
contribute to protection against capsulated bacteria
as well (14)

In order to reveal which cell wall antigen(s) are
the target for antibodies with a BC elffect further
nvestigations are nceded using, eg absorbed
anusera and antisera agamnst vanous cell wall
preparations The two strains used Smuth and
RAB have by previous immunodiffusion analyses
been shown to have different LPS side chains (O
antigens) (3) and anuibodies aganst the O antigen
are probably bactericidal as proposed to enterobac
teria (8 11 12) The findings that a heterologous
BC efTect of anusera agarnst non capsulated bacteria
was observed might be an indication that a common
part of LPS (6) and/or other cell wall antigens are
nvolved as well

This study was supported by grants from the Swedish
Medical Rescarch Council (16X 04978) the Facuin of
Medicine Unnersity of Goteborg and the Guicbory
Medical Soctesy
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The development of 1mmunglobulins IgG1 TgG2a 1gM and lgA was swdied 1n germ free BALB/C
tice during the first 14 weeks of hfe A wransfer of maternal fgG1 and 13G2a was demonsirated
during the first 2 weeks of this penrod Endogenous synthests of immunoglobylins was found only for
[M the level of which was signuficantly higher at the end of the period than 1 a conventtonal group
After oral associauon of germ free BALB/c mice with an iniesunal hexaflora the serum concenirations

of IgG 1gG2a and 1gA tncreased The levehs of Ig4 and of 1gG1 were higher 1 the assoqiated group

than 1 the comventional group

hey words immunoglobulins germ (ree BALR/C muce smiestimal murofiora

E Nielsen Department of Physiology University of Odense Campussey 55 DA 5230 Odense M

Denmark
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Studies of the 1mmunoglobulins of germ free
mice have revealed lower serum concentratons of
1eG 2nd IgA m these amumals than i therr
convenuonal counterparts (Fuher & Sell 196§
Crappeeral 1969 Rusechi er al 1972} while higher
Concentrations have been demonstrated for the Ig\
©lass Urnason et al 1964 Crabbe er al 1969}

The ontogeny of the  germ

mcroflora m the germ free mice So far a
systematic study of the development of the immu
noglobulins IgM IgA and sub<lasses of IgG in
germ {ree mice has not been undertaken neither has
the nfluence of an oral sumulaton with an

wtestinal microflora on itus development been
studied

This swudy was conducted
devel

free Muce has been studied by Keuchi er at (1972)

Who demanstrated low concentrations of RG

duning the first two weeks of hfe while these

could not be from

the 3rd to the 25th week The 1gM and 1gA classes

were not studied
The

Aifte

in the
‘bulins betw een germ free and consentional mice are
generally aunbuted to the absence of an intestnal

© elundate
afthe mew = 1 odate the

13\ and .
tnfluence
mwroflora

"o

MATERIALS AND METHODS
Mice

All mice were of the BALB/c/ABON ([
strain T]
germ {ree mce wese kept an isolatars gz G:mr::]
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bactericidal The results of the present investigation
support those of previous studies (14) The BC
method appears 1o be very sensttive for measuring
anti-capsular antibodies, a BC effect of the primary
response being demonstrable n [gM-contamning
fracttions 1 which IHA titres could not be revealed

Samples of antisera against the non-capsulated Sa
and Sb bacteria taken during the primary immuni-
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Branefors Helander P Serological studies of Hae
mophilus influen~ae Il Endoto:c effect of vanous
antigen preparations and Lhe relation between this
effect and demonstrable precipiunogens Int Arch
Allergy 44 585-606 1973

Brancfors-Hclander P Serological studies of Hae
mophilus influenzae 1V The antibody response 1o
rabbits dgainst capsular and O anugens of fi
wnfluenzae Int Arch Allergy 45 657-674 191}
B Helander P & Dahiberg T Seum

zation were not bacterscidal for the cor d
capsulated bacteria (Ma and Mb, respectively) while
samples taken from the latter part of the hyperim-
munization course were bactericidal for capsulated
bacteria of the respective strain This might indicate
that antibodies directed against celi wali antigens
can penetrate the capsulae causing a BC effect
provided thesr avidity 1s high enough This suggest
that anttbodies against cell wall antigen(s) may
contnbute to protection against capsulated bacteria
as well (14)

In order to reveal which cell wall antigen(s) are
the target for antibodies with a BC effect further
svestigations are needed using eg absorbed
antisera and antisera agatnst varjous cell wall
preparations The two strains used, Smith and
RAB have by previous immunodiffusion analyses
been shown to have different LPS side chains (O
antigens) (3} and anuibodies against the O antigen
are probably bactericidal as proposed to enterobac
teria (8 11 12) The findings that a heterologous
BC effect of antisera against non capsulated bacteria
was observed might be an indication that a common
part of LPS (6) and/or other cell wall antigens are
involved as well

This study was supported by grants from the Swedssh
Medicat Research Councit (16X 94973) Wne Foaculn of
Medicine University of Goteborg and the Goteborg
Medical Soctety
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RESULTS
IgGl

The mean values for I3G1 and the standard error
of the means observed at bieth and during the first
14 weeks of hfe in germ free associated and
convenuonal BALB/c mice are shown in Fig 1

The germ free group showed a level of about 10
au/l at bith Moderate levels of 1gGl were
detected dunng the first 16 days and thereafter they
declined during the following two weeks

The associated and the conventional groups
showed similar levels at birth succeeded by an
Increase and a decline sumlar to those i the germ
free group At the end of the period the levels of

Associated

w\ \/ ,
v

Conventional
of

100

aujy

o )

/

U e

8 w028

4243 63 84 53

Days after birth
FE 1 Levels of 1
Conventional BALB

¢ Each pomt ry
E6ror of the mean

5G1 10 germ free assocuted and
/¢ mice during the first 14 weeks of
epresents the mean and the standard
for the group

Germ-free

N\

Associated

aufy

0% \\

N

Conventionat

50 /
Y N

Days after birth
Fig 2 Levels of 1gG2a in germ free assoctated and
conventonat BALB/c mice during the first 14 weeks of

Ife Each pont represents the mean and the standard
ervor of the mean for the group

1gG1 for both the assoctated and the
Broups were at 50 and 30 au/| respectively On day
49 84 and 98 the mean 12G1 levels of the
associated  group were sigmificantly higher
(Students t test p < 0 02 Wilcoxonstest 00] <

P < 005} than the fevel of the conventional group
18Ga

The levels of 13G2a are shown mFig 2 Inthe
8erm free group a level of 2bout 4 au/1 was found
atbirth During the first 16 days the levels rangeq

between 0 and 16 ay/| After the 16th day ng
18G2a was demonstrated Y

€ Conventiona]

In the conventiona and associated Broups the
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Bombholigird Laboratory Amimals Breeding and Re

1965) Ten ml of ascites flwid was fracuonated by
z0ne on starch gel gelfittra

search Center under controlled germ free d
Routine examinations of the mice were negative for

tion chromatography on Sephadex G 200 and 1on
h on DEAE-cellulose (DE §°

bacteria  fungr and parasites C controls
randomly bred during several generations were kept at
the Ammal Department Odense University

Stumulation Procedure
The oral stimulation was performed as an association

Whatman) The purification procedure was monitored
by immuno electrophoresis using rabbit anu (otal mouse
protein antiserum (111SX Dakopatts A/S Copenhagen
Denmark) and monospecific antiserum against mouse
IgM (B 107 Meloy Laboratories Springfield USA)
The pr used for showed a single

with an of Stre
Jfaccalis  Lactobacillus brevis  Aerobacter aerogenes
Staphylococcus eprdermidis Bacteroides spurtus and a
Yeast fungus (Z fur V zucht 3
Hannover Linden Germany) Ten pellets of faeces
the flora were m 10 ml of
sterife water and incubated overmight at 37 °C On the
following day ten female mice were given 0 85 ml of the
faeces solution 1n the drinking water The muce were
mated with males associated with the same flora and the
young which were associated via the faeces from the
parents were used 1n the experiments

Blood Sampling

Blood samples were taken from germ free associated
and conventional mice during the first fourteen weeks of
life (Table 1}

Antisera

Monospecific antisera against mouse [gGl 1gG2a
IgM and IgA were produced by rmmunization of rabbits
with punfied myeloma protetn The proteins were
punified from the ascites flurd of BALB/c mice beaning
transplantable plasma cell tumors

Myeloma protein IgM was purified from the ascites of
mice bearing a wmor MOPC 104E (Mc fnure et al

TABLE | Numbers of Germ free Assocuated and
Comentional BALB/c Mice Used for Blood Sampling
during the First 14 Wecks after Birth

precipitate when tested 1n crossed tmmuno electrophore
sis against these two antisera
18G 1 and 1gG2a were punfied from the ascites Mlud
of mice bearing the tumors MOPC 2IA (Porer &
Licberman 1967) and LPC 1 (Potier et al 1966
respectvely 1gG contaming fractions were obtamed by
{NH4)-S04 as described by
Kalpaktsoglou et af (1973) and the third precipiate was
further fractionated by rton exchange chromatography
The fractions selected for immunization showed a singkt
precipitate in crossed 1mmuno electrophoress using
antiserum against total mouse protemns (Dakopatts
111SX) Idenuty with IgG1 and IgG2a was confirmed
by crossed immunoclectrophorests using anuisera 2gamst
mouse 1gG1 (Meloy B 102) and IgG2a (Meloy B 104
respectively
IgA was purified from the ascites of migce bearing 2
mor MOPC 315 (Eisen er al 1968) by affy
chromatography Anti mouse IgA (Meloy B 106) wa
coupled to CNBr activated Sepharose 4B Asces ﬂ:uf

profile revealed a single peak and crossed 1mmuno
electrophoresis using antisera atainst total mouse prote
ins (Dakopatts 111SX) and aganst mouse IgA (Meloy
B 106) revealed that the eluted peak was IsA

At intervals of 14 days 75 pl (= 150 pg) myelomd
proten +75 pl Freunds ncomplete adjuvant {Difeo
Laboratories Inc Detroit Mich USA ) were ingected
ly into rabbits The rabbit anusera Were

Numbers of BALB/c mice

Days after associated  conven
birth germ free germ free tional
¢ 3 4 5
2 3 5 6
4 5 H 6
8 4 6

12 3

14 4 6
16 «

20 s 4 6
28 6 6 6
42 6 6
49 6 6 6
63 6 6 6
84 3 6 5
98 2 6 6

tested 1 crossed tmmuno electrophoresis using anuszr;
with known specifities (Meloy B 102 B 104 BI
B 107) 1n an intermediate gel as <pecifity contral

nntation of Immunoglobultns

Qu%he lmmuﬁoglobuhns were quanufied by rockel
smmuno electrophoresis (Laurell 1966a & 1966b) usmg
1% agarose (Litex HSA Glostrup Denmark) an
barbital buffer pH 86 1o0nic strength 002 The
monospecific antisera were used in concentrations f;vm
5t0 7% The electrophoresis was performed at 2\ fem
for 18 hours The wells received 3 4l A reference s:r\m}
pool defined as containing 100 au/1 (arbatrary um!sd) 0"
1gG1 IgG2a IgM and IgA was obtatned from 25 a ‘:d
conventional BALB/c mice The rockets were measur e
with an accuracy of 0 § mm_giving an unceriainty of
t© 1% for the used height of 10 10 50 mm

Stanstical Methods
The Student s t test and Wilcaxons rank sum

unpaired samples were used

test for



RESULTS

IgGl

The mean vatues for 1gG | and the standard error
of the means observed at burth and during the first
14 weeks of Ife in germ free associated and
conventional BALB/c mice are shown 1n Fig 1

The germ free group showed a level of about 10
au/l at buth Moderate levels of 1gG1 were
detected during the first 16 days and thereafter they
dechned during the following two weeks

The associated and the conventtonal groups
showed similar levels at birth succeeded by an
increase and a decline similar to those in the germ
free group At the end of the period the levels of

Germ - free
0

o

Associated
t00)

aujy

Conventional
100

.y
[

4240 a3 81 g

170 of the mean for the group

Germ-free

0|

Pl

Associated

aufy

) ’/ \
‘LS
° Conventional

100+

/ AR N
° _‘ﬁh‘ﬂ—‘?—:j-_q

e es

Days aHer birth
Fig 2 Levels of 13G2a n
conventonal BALB/c mice during the first 14 weeks of

hfe Each point Tepresents the mean and the standard
€rror of the mean for the group

27 free assocuated and

significantly  higher
tlcoxon s test 0 0f <
e Conventional Broup
1gG2a

The levels of I,

2G2a are shown 1n Fig 2 1n the

/1 was found

18G2a was demonstrated
In the convenionas and assoqiated Broups the
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¥
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Conventional
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30
8 1420 28 42 49 6‘3 ae 98

Days after birth
Fig 3 Levels of Ig\ 1n germ (ree associated and
conventional BALB/c mice during the first 14 weeks of
Iife Each poit represents the mean and the standard
error of the mean for the group

levels of 18G2a at hurth were between 3 and 13
au/| then increased rapidly during the first 8 to 14
days From he 2nd to the 6th week the level
dechined 1n the associated group and then ncreased
during the rest of the persod 10 2 level of about 40
au/ 1 For the conventional group the level declined
from the | t to the 4th week Hereafter an mcrease
during the rest of the period to a level of about 33

au/{ was seen

eM
Weak but visible p:
presence of low IgM levels (< Sau/

recipitates indicated the
n all groups

during the first 14 days (Fig 3) Hereafter the levels
tncreased rapidly The germ free group reached a
maximum level of about 130 au/1 at the end of the
period The assocrated group showed a matimum of
about 120 au/) in the 7th week Then the level
declined during the rest of the period to a level of
about 20 au/1 In the conventional group the level
increased to about 80 au/1 at the end of the period
On day 28 49 and 63 the mean levels of the germ
free group were significantly higher (Students t
test p < 002 Wilcoxons test 001 <p <003
than that of the conventional

)

IgA
In the germ free group only one sample (day 48)

_—
Germ free
100
50
i
o
Assoclated
100
e
5
© 50
o
Conventional
100
50 /\.\
A

28 42 43 €3

Days after birth

assocaated and
first 14 weeks of
the standard

Fig ¢ Levels of Ig\ 10 germ free
conventional BALB/c mice during the
ufe Each pomnt represents the mean and
error of the mean for the group



shows detectable levels of IgA (Fig 4) In the
associated and conventtonal groups no IgA could
be demonstrated durtng the first 4 weeks After that
period the Ievels showed 2 moderate increase up to
values of about 40-50 au/1 Dunng the last 2
weeks the level of the associated group was
sigmficantly hugher than that of the conventional
group (Stadents tiest p < 002 Wilcotons test
001 <p < 005)

DISCUSSION

tional ones from the 4th week and during the rest of
the period The hugher level of 1gM 1n the germ free
group 1s 1n agreement with the data published by
Arnason et al 1363

Both the germ free and the assoCiated groups
showed a rapid increase 1 the Jevel of 13\ from the
3rd 10 the 9th week (Fig 3) Hereafier the level of
the associated group declined during the rest of the
period while that of the germ free conunued 1o
ncrease This may be due to anuigenic sumulation
of the germ free group during the whole experntmen
tal period and of the assoctated group duning the
first 9 10 10 weeks During the first 10 weeks of the

The P of four classes
was studied 1n germ free assoctated and conventio
nal BALB/c mice during the first 14 weeks of life
With the exception of the 13M (ali groups) and 1gA
{assocuated group day 84) none of the mean levels
exceeded 70 per cent of the levels of the reference
serum The reason 1s presumably that at the end of
the experiment the mice had not yet reached the
2dults Ig levels

Increasing levels of 1gG} and 1gG2a could be
L m the and it
groups duning the first 16 days of hfe In the perm
free group the {aG1 tevel sncreased more stowly
and 13G2a could be demonstrated n very small
amounts ondy Simular observations have been made
for conventional mice (Fahey & Barth 1965
Kalpakisoglou e1 af 1973) Fahey & Barth (1965)
auributed the rapid rise of IgG 1 and I1gG2a after
birth to transfer from the mother via the colostrum
and gastroumtestnal tract and fhe dechimng levels
from the 2nd week to 3 loss of absorptive capaaity
for the maternat 1gG1l and 1gG2a This 1s 1n
2greement with Lecce (1972) who demonstrated a
Selective absorption of y globulin via the gastro
:nfmunal tract in muce only during the first days of
ile

From the 41h to the 6th week of hfe ncreasimg
levels of 1gG1 1gG2a and IgA are seen i the
associated and conventional groups This increase 15
nsidered due to an InCreasing capaciy for
endogenous tmmunoglobubin synthesis (Fahey &
Barth 1965) As no IgG1 1gG2a or IgA could be
demonstrated in the germ free group dunng this
Period the levels of these classes 1n the associated
Broup can be attnbuted to the given microflora
Sumulauon with the microflora resulted 1n a level
of IgA and possibly 12G1 stgnuficantly higher than
that of the conventional group at the end of the
Period

Only neghgible amounts of IgM could be
demonstrated dursng she first two weeks Thereafter
1eM increased 1n all groups the germ free mice
bhaving sigmificantly higher levels thag the conven

both groups were fed with food
sterilized by an rdenuical procedure {130°C 1n 30
minutes) Hereafter the associated group was given
the same food stenilized by heating 2t 100°C o
115°C in 30 mnutes Eggum (unpublished work)
found that a rise 1 temperature may cause a fall in
the protein content of the food Assuming that this
loss of protein 1s a result of a conversion of protein
nto macromolecular elements with antigenic pro-
perues as described by Seff (1964) the differences
between the germ free and assocated anmals may
be due 10 a simulauon via the gastro imesunal tract
with these elements HWossmann ef of (1970)
atirsbuted the production of antibodies in germ free
mice parily to an incomplete elimination of
antigenic components from the food and partly to a
consumption of excreta from other mice In the
present study the declining level of IgM in the
associated group during the last § weeks of the
period indicated that the given microflora had tutle
influence or none on the development of Ig\

We wish 10 thank Dr M Porter Laboratory of Cell
Biology National Institutes of Health Bethesda Mary
land US A for providing us with the tumors used for
this project The skilful technicat assistance of Mrs. Inge

Andersen and Mrs Hanne Molss 1s gratefully acknow
edged
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SOLID-PHASE ENZYME IMMUNOASSAY OF IgM-CLASS
RHEUMATOID FACTOR
COMPARISON OF THREE METHODS FOR PREPARATION
OF THE SOLID-PHASE TARGET IgG

BARRY ZIOLA and HANNA TLOKKO
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Ziofa B & Tuokko H Solsd phase enzyme of [gM.class la

ctof
of three methods for preparation of the solid phase target 13G Acta path microbiol scand Sect C
88 127130 1980

My to funcuon as the binding
Three solid phase forms of human [gG were compared for thewr ability

target :: :npenzyme immunoassay for [gM-class theumatoid factor {RF} 3G was either directly
adsorbed 1o polystyrene beads (method A} or immunologically (method B or covalendy (method C)
bound to protein adsorbed to beads The data presented indicate that C 15 the method of choice for the

preparation of the RF assay solid phase [3G

Canada

Key words R factor enzyme solid phase 12G confi
B Ziola Dep: of b University of Saskatoon S:
SINOWO

Receved 29% 79 Acoepied 3 xu 79

Several invesugators have detected IgM-class
rheumatoid factor (RF) with mmunoassays which
mnvolve bunding of RF to a sobid phase form of
human1gG (1 2 4 7) Although different methods
Were used to prepare the solid phase 1gG for these
525 no data 1s avatlable concerning Which form
of sohd phase TG 15 best suited 2s an RF binding
target Three methods of prepanng the solid phase
16G were compared therefore 10 determine how
the preparation (and thus the final configuration) of
the solid phase 1gG affects the results of an RF
|mmunoassaY

MATERIALS AND METHODS
hola - et
v .

m

" = % 184 hayss at room temperature

or
Q0°C) The 1on foartos —oon then obtained by

chromatography on diethylamenoethy! Sepharose CL 6B
(Pharmacia Fine Chemicats Uppsala Sweden) oquilibra
ed 1m 0) M nsHC! pH 80 at 4°C Unretamed
Protein was taken to be 1gG and the concentravon was
determined spectrophotometrically by usIng an exnc

tion coefficient of 138 at 280 nm Storage was ar —
20°C

Preparation of the Sal d phase Human fgG

Specular surface polystyrene beads 6 4 mm m diame
ter (Precision Plastc Ball Co Chuago US A ) were psed
as the RF assay solid phase Beads with directly
adsorbed immunologicatly bound and covalently bound
1gG were prepared by methods A B 2nd C respectively
Addiwon of 104 M merthiolate 10 the G soluuons
permitted each fype of bead to be stored for at least 1hree
months without discernable effects on the assay results

Method A Beads were placed 1n 002 M sodium
phosphate pH 74 containing 0 14 M NaC1 (PRS) and
10 pgol 13G/bead An adsarpuon for 18 hat 20 °C was
followed by stworage at 4 °C The beads were removed
Trom the 1gG solution as fequired and exer dred 1n a
20 °Cair Nlow or washed once with PBS W hen washed
the beads were added immediately 1o the mcubation
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TABLE } Effeer of Targe 135G Conf'gura on ont the Sof d Plase £n me Immunassa of R,

heuma ond Factor {RF)

Sotd phase 186 ODss b -
Povty ¥ wms
anied (D) U of RF/m!
fof o byeraed O cuall  vuchold
on forme 36 263 3) 105 0 (1Y of RF/mi
Y 2047 lolg 0459 ©°20 0)S0 OISR 05-09
W3gm 6® o an an
adsorpuon H 1838 0943 04 Q199 Ol 0170 05-08
1¢G onw We BH BN wn
A phase
B D 151 DTA O3t O3 0081 0088 0703
O3sM oM 5H o 09
ndogcalbngng M 1756 0716 0395 013 0068 008 003
NgGwanan O58 A 5n 0N
athesol d phase
< D 1660 0778 0314 0139 D07Y 0098 03D
U3 100 Hh [LE:1]
a0 bidwgof u 1930 090 0395 0151 0077 009 0 -03
Guapon 2SH AV s 2n
onthe sol d-phase

hedead we e remo ed f om he f siorage solu onsande hera r-dr ed of r sed wi hPBS justp or 1o use 1 the ascay s
eareof ane niraassay dee mna ons are g ven S noe the intra assay sndard devia ons f ¢ alde ¢ds of RF »

waysless than 8% the assay pos

background values These as well as spec f'c RF
B nd og 95 sreasused by b od ng catos did not d Mes
Wthe sold phase 1gG was pu&-d,ed or 167 hydrased
Thus the assay sens ¢ vity thresholds were the same
neach case be ng approxtmately 3 fold lower than
that obta ned when the RF target 1G was d rectly
adsorbed 1o the sal d ghase

Covalent b nd ng of the 1gG 10 2 protem base on
e sof d phase (method C) came from an atiernpt 10

obviate the need to use specifc human sera for
prem o v DT ~
3

13

form ng a covatent botd between the IgG motecyles
and a prote n base on the 501 d phase tame from z
fepon by bestergaard e af 16 1 wh oh gluaralde
hyde was used 10 1 nk v ral antigen 10 bov ne serum

yeu-offwasse a 254, (3 eastth ee anda dd

-

album n adsorbed to a plast ¢ sol d phase Perjodate
activated fetun was vsed 0 the present expen
nEALs §°ace 1 %as felt that this proceaure s more
teproductble n prepar ng a sol d phase wh ch has
large amounts of RF target IgG However nod rect
comparison was made with coupl ng of the I3G 102
proten base wih plutaratdehyde

Preparat on of the sof d phase 1gG by method C
was Iound (o result m slghly sncreased assay
backLgmu"ni values compared to prevaratian hu

ule e Legds were lett bydrated In thus ms:
the assay sens uvity threshold way equal to that
obtaned w th the sol d phase 12G prepared by
method B Although drying of the woi ¢ Shase IeG



tubes to prevent dehydration of the surface bound 13G

Method B Beads with human 1gG 1n the form of
immune complexes were prepared as described pre
viously (7) except that 10 pg of IgG from the present
human serum pool were required fo semsiize each
antigen coated bead Beads were incubated with a
membraneous antigen prepared from Tespiralory syncy
tial virus infected cells and then dried  Virus specific
antibodies from the purificd human IgG were allowed to
bind to anugen during a 24 h incubation at 20 °C The
beads were then stored at 4 °C 1n the IgG solution and
used in the assays either pre dried or sull hydrated (see
method A)

Method C Beads were placed in PBS cantainung 10 pg
foetal calf fetun (type 11! Sigma Chemical Co St
Lowss USA) per bead After 18 hat 20 °C the solution
was aspirated and the beads were dried 1gG was then
covalently bound to the carbohydrate mosety of the bead
adsorbed fetwn {5) The fetnn codled beads were
incubated for | h at 20 °C in PBS containing 0 05 M
NalOs The beads were then rinsed three imes with 0 {
M sodiym carbonate pH 9 5 and covered with the same
buffer containing 10 pg of 1gG/bead A 24 h incuhation
at 20°C was followed by storage at 4°C When
required beads were removed from the IgG solution and
placed 1n carbonate buffer contaiing 0 05 NaBHg The
reducing solution was aspirated after | h ag 4 °C and the
beads were rinsed twice with PBS The fetun coated
beads with covalently bound IgG then used 1n the as<ays
either predried or sull hydrated (see method A}

RF Assay Procedure

The assays were performed as described previously
(7) except that enzyme conjugated rather than 1251
fabelled RI indicator antibodies were used

Serum specimens were tested 1n a diduton of | 200
and RF bound to the solid phase 1gG was detected with
horse radish peroxidase conjugated porcine IgG specaific
for the y polypeptide of human IgM (Orion Diagnostica
Helsinki Finland diluted 1 800) Following asptration
of unbound RF indicator anubodies and two washes
with tap water the damp beads were rolled into (ubes
containing 0 5 ml of enzyme substrate solution (0 | M
cstrace/phosphate pH 5 § contang freshly dissolved 3
mg/mt o phenylenediamine and 0 026 H02) After 30
min at 20 °C the enzyme reaction was stopped with 0 3
m of ! N HCl and the ODyy; of each sample was read in
a nine channel sp: {FP9 F
Labsystems Oy Helsinki Finland) The HCJ diluted
enzyme substrale solution used to blank the machine
always had an ODyg; of < 0 050 when checked against
H20
The rheumatord arthribs serun pool ¢ iployed in this
study had previously been assigned an ¢ bitrary value of
1000 units of RF/ml This scrum pool was found
subsequently to contan 1316 (L of RF/ml by
compatison with 1n Internatonal Reference Preparation
of Rheumatoid Arthriu S 11 (Internatiomal Labora
tory for Biological Sundards Statens Serumnsttut
Copentagen Denmark) Samples containing known
levels of RT were prepared by making dilutions of the
serum pool with the diluent used in the assays

RESULTS AND DISCUSSION

The three methods used to prepare the solid phase
18G result 1n the IgG having different configura

tions Direct adsorption of the I3G to the beads
{method A} probably causes the Fc portion of most
of the molecules to be contiguous with the solif
phase This kind of RF target 1gG was used m the
RF immunoassays described by Carson et af (1}
and by Knez & Rewmer (2) When the RF target 156
15 1mmunologrcally complexed to an antigen base
{method B reference 7) the IgG probadlhy i
clevated from the sohid phase with the Fe regions of
most of the molecules extended towards the aqueous
phase Preparation of the solid phase 13G b
method C results 1n an intermediate Situation The
RF target 1gG 1s again elevated from the sold
phase but the covalent bound to the protein base
need not be with the Fab region of the kG
Therefore the 1gG may have either the Fab or the
Fc regions extended towards the aqueous phase The
sold phase 1gG employed in the RF ennymt
immunoassay of Matolkwm et al 14) probably bs
such a configuration even though the 1gG probably
1s closer to the solid phase due to direct binding of
the {gG 1o surface reactions groups Stnce dryng
mught alter the configuration of the RF target 16
each of the three sohd phase IgG forms #3§

evaluated 1 a pre dried and a hydrated state
L A1 A whaca ToRcwithing

cach case significant differences exist 1 the resu b
obtaned One important difference 15 that direct
adsorption of the RF target IsG to the beads
resulted m elevated enzyme-control values This
was found consistently and may Stem from
rearrangement 1 ¢ denaturation) of the 1gG secon
dary or tertiary structure upon adsorption @ the
plastic soltd phase (3) Due to the clmu;:
background values the assay sensutvity threshol
was higher than w hen methods B or C were used 0
prepare the solid phase gG Bindmg ranos have
been used to express the results of RF mmmunoas
says (1 2} andf a similar approach 1s used here 10
analyse RF bindwng (Table 1 values n brackets) ¥
1s seen that preparation of the solid phase 1gG by
method A results 1n significantly reduced Linding
ratios as compared 1o those obtained with lhc'solld
phase 18Gs prepared by methods B and C Neither
the assay sensisvity threshold nor the binding ranos
differed 1f the solid phase 1gG prepared by methe
A was pre dried or left hydrated

Preparation of the sohd phase [gG by 1mmunolo
gical binding of the IgG to an anugen on the sohd
phase (method B) always gave the lowest ass3y



Acta path microbo} scand Sect C 88 131-135 1980

SMOOTH-MUSCLE ANTIBODIES IN RHEUMATOID
ARTHRITIS

IRENE ANDERSEN P ANDERSEN and H GRAUDAL

Rhevmatsm Research Unit of Aarhus University Aarhus Muniaipal Hospital and Insutute of Media!
Microbology Aarhus Universuty Aarhus Denmark
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Smooth muscle anubodies (SMA) detected by the indirect tmmunofluorescence method were found
mote often 10 Thevmatexd anthnts (RAD pauents (1§ 3% thaa n normal coavrols (763 1(002 > p
> 601} The increased frequency was due (o 15G antbodies whick occurred m 122 % of RA panents
n 41% of normal controls and 10 7 3% of pauents with other arthritic diseases Eight of 9 G
SVIA postuve RA sera reacted with F acun and one serum contamed non acun anubodies In RA
ANA were found 1n 35 7% glomerular antibodies m ) 0% parietal cell antibodies 1n 4 1% and
mtochondrial anubodies 1n 2 0% SMA were assoaated with the occurrence of sheumatord factors and
milochondrral anubodies (002 > p and 2p 004 respectnnely) In the SAIA posinve group the
erythrocyte sedimentaton rate was higher and elevated serum atkaline phosphatase values were found
more often than 1n the SMA negative group

Key words Smoath muscle anubodies rheumatoid arthritis indirect immunofluorescence
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Agrhus C Denmark
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Anubodies to smooth muscle protens {SMA)  controls It was also studied whether the occurrence
occur espesiatly 1n chronic hepatitis (13) where 18G of SMA was retated 10 abnormal biochemical fiver
antibodies are found ¢n hugh tutres 1 untreated cases  tests to the eccurrence of rheumatoid factors o
{16) However SMA have also been demonstrated  ather autcantibodies '
nlow titres in other diseases tncluding rheumatord
anthriys (RA) and 1n normal persons (I 23)

Mitochondrial antibodies (MTA) are detected at a MATERIALS AND METHODS

’:‘Eh lrer,quency n primary bihary cirthosis and & Awragmnbody Tests

Ower frequencies 1 other liver disorders while Autoantibodies wer

they ocour very seldom in non hiver diseases (3 8 nofluorescence {IIF) :pdr:v":gnuzi;i:i;{b:d(lﬁal}mrmu
16) Abnormal biochemical tests of hver funcion  Cryosut Sections 4 pm thick of rat stomach ndmd

Ve been reported 1 2 high proportion of pauents  kidney were used a3 anugens and the 1 ;ﬂ -
With RA (7) and it 15 therefore possible that SMA ~ 2nubodies were recorded Smooth muscle n E(:"g
204 MTA 1 RA are related 10 abniormal biochern~ SMAY reacung wth pacer ce— & srubodies
<al liver parameters )

In the present swdy we have mvestigated the " -
wadence of SMA MTA and owner autoanubodies
n RA and compared the findings with those n
Patients with other arthritic diseases and 1 normal

“

- a1 unuct N
nucles of r clear 2nubodics (ANA) teacung wath

enal tubular cells and panietal cell anuibodies

131



prepared by method C did not cause an ncrease 1n
the assay background, a sigmificant reduction in RF
binding ratios was always seen This resulted n a
shightly d assay sensitivity threshold
Together these data suggest that covalent binding
of the RF-target IgG to a solid phase should be
dered when 1 mng an RF -
say This can be done by attaching the 1gG to a
protewn base on a solid phase, as described above, or
by attaching the IgG directly to a solid phase as
described by Maiolint et al (4) These two choices
provide RF assays which are equally sensitive and
quantitative in terms of IU of RF/ml, suggesung
consideration should be given to properties of the
solid phase itself In this regard, a particulate sohd
phase sych as nucrocrystalline cellulose (4) would
seem to be more difficult to mamipulate than the
polystyrene beads employed here

Mrs Marja Teritt Matthainen Kindly assisted in the
purification of the human [gG

This study was supported by the Academy of Finland
Medical Research Counaif B Ziola was the recipient of a
Centenmal Fellowship from the Medical Rescarch
Council of Canada
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Smooth muscle anubodies (SMA) detected by the indrrect immunofluorescence method were found
more often 1n rheumatoid arthritis (RA) patients {15 3%) than in normal controls (7 6% ) (002> p
> D01} The wcreased frequency was due to 1gG anubodies which occurred 1n 1224 of R\ patients
m 4 1% of normat controls and 1n 7 3% of pauents with other arthrue diseases Erght of 9 1¢G
SMA posiuve RA sera reacied wih F actin and one serum contamned non actin antbodies In RA
ANA were found 10 357% glomerutar anubodies m 0% parietal cell anubodies 1n 4 1% and
mitochondrial antibodies 1 2 0% SVMA were associated with the occurrence of rheumatoid factors and
mitochondrial anubodies (002 > p and 2p = 004 respecuvely} In the SMA posine group the
erythrocyte sedimentation rate was figher and elevated serum alkaline phosphatase vatues were found
more often than 1n the SMA negauve group
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Antibodies to smooth muscle protemns (SMA)
?"C‘:r ?pecully 1n chrontc hepanus (13) where I8G

conteols It was also studted whether the occurrence
of SMIA was related to abnormal biochemical liver

; tests to the occurrence of rheumatoid factors or

other avioantbodies

s (RA) and m normal persons (1 23)

itochondrial antbodies (MTA) are detected at a MATERIALS AND METHODS

bugh Gequency 1n primary bitary cirrhosts and at _guroanupody ests

‘:“H frequencies in ather Lver disorders while Autoantbodics were demonstrated by Indirect tmmu

16y ol very seldom tn non hver duseases (2 8 noflorescence (ITF)as previousty deseribed (1) Unfined
" normal biochemical tests of liver function  cfyostat sections 4 pm thick of rat stomach and rat

. e been feporied n a high proportion of pattents  Ydney were used as anugens and the followtng
¥ RA () and i 15 therefore possible that SMA  7ubodies were recorded Smooth muscle anubod es

4 MTA 1n RA are related to abnormal biochem  "**'4* * ™ .

b lver paramerers . .

" In the present study we have nvesugated the )

:‘ﬂdtnee Ol SMA MTA and other autoantibodies

and compared the findings )
Pauents w itk .\.‘.f.-u..m indings with those 1n

* I normal

13t



prepared by method C did not cause an increase 1n
the assay background, a sigmificant reduction tn RF
binding ratios was always seen This resulted 1n a
slightly increased assay sensitivity threshold
Together these data suggest that covalent binding
of the RF-target I3G to a solid phase should be
ed when 1mpl ing an RF -
say This can be done by attaching the IgG to a
protein base on a solid phase, as described above, or
by attaching the 1gG directly to a solid phase, as
described by Mawlni et al {4} These two choices
provide RF assays which are equally sensitive and
quantitative 1n terms of 1U of RF/ml, suggesting
constderation should be given to properties of the
solid phase iself In this regard a particulate solid
phase sych as mucrocrystaliine cellulose (4} would
seem to be more difficult to mampulate than the
polystyrene beads employed here

Mrs Marga-Terttu Maukamen kindly assisted 1n the
punfication of the human IgG

This study was supported by the Academy of Finland
Medical Research Council B Ziola was the recipient of a
Centennial  Fellowship from the Afedical Rescarch
Councit of Canada
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(PA} reacting with the cytoplasm of gastric paretal cells
The lowest serum diluon mvestgated was 110
Rheumatoid factors were determined by the Rose
Waaler reactian (RW') performed at Statens. Seruminst
tut Copenhagen and by the Latex fixation tese rn
using a test kit from Behringwerke AG Germany

Absorpuan Experimenys

Niae 1gG SMA positine RA sera were absorbed with
Factin tropomysin and skeletal muscle myosin as
previously described (5) Skelefal muscle Factn was
prepared from acetone dried powder of rabby back
muscle essentally according to Spudich & Wayr (20)
Tropomyosin and myosin preparations were kindly
supplied by Dr / 1 Smei! the Austrian Academy of
Saiences Salzburg  Austia Fachin was used m a
concentratton of 6-12 mg per mt of serum and myosin
and ropamyosin n concentrations of 40~80 mg per mi
of serum

Lver Funcnon Tests

Determimauon of serum alhahine phosphatase (S AP)
and serum glutagie oxsloacetic transaminase (§ GOT)
values were performed by the rouune methods of the
depanment of Chmcal Chemestry  Aarhus Murwcipal
Hospital Denmark

Sufyecrs

One secum sample from each of 168 patients agrmitted
10 the Rheumatology Research Umit Aarhus Mumicipal
Hosputal and 629 controls was investigated for autoantt

bodies The subjects were divided 1n10 (he following
groups

1 Defittite theumatoid arshrins (RA) Stuty-one femsle
and 37 male pauents aged 14-7¢ jears AN pauens
fulfilled 5 or more of the eriterta of RA as proposed by
the American Rheumatism Association (19)

2 Possiple and probable RA Eight femateand 14 male
Ppatents aged 17~79 years Eight patients had rheyma
tord factor 1 thewr serum (RS ture = 39 andfor LFT
titre 2 20} but they only fulfilled 2-4 of the crreria fr
RA (9}

& Falndromie arthrins Two female and J mate
Ppanents aged 34=49 years They had had afebrile auacks
of acute arthritis with pain swelling erythema and
tenderness Between auacks the jomts were norel

4 Juwsemfe chromc arinns Six female snd § malt
Panents aged 8-32 years In all paneats the dieate had
started before the age of 16 years and they had haf
arthritis in one or more jounts for more than 3 months

5 Reacene arthrinis Three female and 2 male patens
aged 2047 years They had developed asepttc ardhrits
following nfection with strepopoces (2 pis) Yenne
enteracalitica (2 pts) and Chtamydua (1 pt)

6 Seroncamne spondarthrins Four female and 2
nale pacencs aged (7-75 years Seven had ankylosig
spondyhus with low backache suffness of the w&ag:

radiotogical signs of bilateral sacrodiitis F;r(«‘nh
el et

? Controfs Thus group comprsed 30) women aiv

TABLE | The Occurrcnce of Antibodies 1 Rhewumatard Arthrnis and other Disorders of Jonts

Y with antibodses

e Humber (;I:ag:«) RW LFT ANA SMA GA CA MTA PA
ﬁﬁfﬂf"’"’ 9% 14-79 165 683 387 153 10 0 20 41
rP:eS:::‘canhr il (779 4 227 45 45 0 45 4 8
:ﬁ:ﬁ?ff’"’c s 3449 400 600 400 200 4 0 [ 0
i:'::\‘\]: o u §-32 91 [ 91 91 0 4 0 0
;ﬁ:ﬁ: H 0-47 200 O o 200 0 @ [ 0
fﬁiﬁﬁﬁiﬁﬁs 25 17-75 0 0 40 120 40 0 0 [

629 y-91 ND ND 70 76 30 02 02 36

Controls



128 men 2ged § months — 91 years and the autoanubody
findings 1 this group have been published 1n dewar]
cartier (2) The group consisted of 406 heatthy blood
donors laboratory techmicians and medical students aged
18-68 years and 223 hospitalized pauents aged §
months ~ 91 years The pavents did not hase
autommune tnfectious or hepatic diseases.

RESULTS

Autoantibodies

ANA occurred signficantly more often i
patents with RA (35 7%) than in controls {7 0%)
{Table I x test 0001 > P} The incidence of both
1gG and IgM ANA was higher m RA than m
conteols  whereas the incidence 1n other Jomt
disorders was in the same range as in controls
ANAttres in RA were 10-2560 and they
ocrurred with equat frequency in female (36 | %)
2and male {35 1 %) patients

LFT utres > 20 were found sigmificantly more
ofen 1n ANA positive {80 0%) than 1n ANA
negative (57 1% ) patients with RA {x” test 005 >
P> 002)

The tncidence of SVIA was significantly higher in
RA (15 3%) than 1n controls (7 6%) (Table | x=
16t 002 > p> 001) and the increased Trequency
was due 10 IgG antibodies (xtest 0001 > p)
whereas 1gM SMA were detected with equal
prevalence in RA and controls (Table 2) SMA were
found 1 18.0% of female and i 10 8% of male
patents with RA {not signsficant) The utres were
10-80 which was the same range as i controls
MTA occurred 1n 2% of RA patents and 1n 0 2%
of controls (2p = 009) The wmerdence of other
autoantibodies was simitar 1n patents and controls

SM4 Do -

of .

TABLE 3 Serological Binchem caf and Clinical Findings 1 15 $34
Rheumatod Arthrinss

RW pos LFT pos ANA

MTA pa

utre= 10 ure= 20 pos pos pos
pos 15 12 7 1 '
5 (1004 ) 1804) 367%) 133y ®7%)
Aneg 60 5 ” ° 3
n M23%) 27\

3254) ‘

TABLE 2 534 and ANA of IgG and IgV Class in
Rheumatond Aehriss other Junt Disorders and Controfs

b with antthodies

SMaA ANA
126 BM G g\
Rheumatoid
arthnos 98) 12231 245 155
Other joimt
disorders (68) 7329 44 44
Controls (629) 4145 16 59

patients (Table 3 ¢’ test 002 > p > 001} LFT-
utres = 20 also occurred more ofien 1 SMA
positive than in SMA negative patients but this
difference was not significant 1gG-GA in a utre of
40 occurred 1n one RA serum with an 13G SMA
titre of 80 No correlation between SMA and ANA
could be established 1gG MTA utres of 10 and 20
were found in 2 SMA positne RA patients (Ip =
0043) One of the patents also had elevated S AP
The mean erythrocyte sedimentation rate (ESR)
was gher in SMA posinve (mean 7 S mm/k)
than 11 SMA negatne (mean 403 mm/h) RA
patents (Mann W huney test P = 006) Elevated
S AP were found 1n 43 (43 9%) and ncreased §
GOT in 4 (41%) of 98 RA patients SMA were
detected tn 18 6% of the patients with elevated and
m 127% of patemis with normal S-AP (not
sigmificant) Only one of 4 Ppatients with mcreased S-
GOT h2d SMA 1o serum Thys no correlation
between abnormal biochemycal fyer tests and SMA
could be established
Subcutaneous rheumatic nodytes were found 1n

posine and 83 SMA negatnve Paents xly

ESR d
Or  dewst deser o of dresse
PR SAP SCOT mmib nodues my s
1 ] 1 5715 4 10
W7 5334y 67%) 2674 18671
o 38 3

03 15

38
364 ) 1224y 36y LILYEY) H583)



TABLE 4 IgG-SMA and -ANA Tures before and after Absorption with Muscle Protens

Absorption with

Serum Unabsorbed F-actin Myosin Tropomyosin
SMA ANA SMA ANA SMA ANA SMA  AWA

x-60 10 40 <5 40

x-61 20 40 <5 40 ;g :g :8 :g

x-63 10 <5 5 .5

x-87 10 <5 nd 5

x-186 10 <5 5 20

x-307 80 <10 nd nd

x-329 10 <5 H 10

x-339 40 <10 nd nd

x-357 40 20 40 40 40 40 nd ad

26 7% of the SMA-positive and 1n 18 1% of the
SMA-negative patients (not significant) No correla-
tion between the duration of symptoms and the
occurrence of SMA was found

None of the patients with juvemle chromc
arthritts or seronegative spondarthritis had iridocyc-
litis, and no correlation between this disorder and
the occurrence of autoantibodies could therefore be
demonstrated

Specificity of SMA

Absorption of 8 of 9 IgG-SMA-positive RA sera
with F-actin resulted 1 abolition of the reactions
with smooth muscle Absorption with myosin and
tropomyosin did not cause a significant decrease 1n
SMA-utres (Table 4) The SMA-titre of serum
x-357 was not decreased after absorpion with F-
actin, myosin or tropomyosin, but the 1IF starmng
was weaker after absorption with F-actin than
the unabsorbed sample Three sera also contamned
IgG-ANA, but the antibody titres were not affected
by the absorption with F-actin, myosin or tropo-

myosm

DISCUSSION

An increased incidence of SMA has previously been
demonstrated 1n RA by some authors {8, 23) but
not by others (9) In the present report, the titres
were in the same range 1n patients and controts, and
1t was found that the increased frequency of SMA
1o IgG antibodies, whereas 1eM-SMA
e tncidence as 1 controls
ted 10 controls, the
t related to age (1)
ts indicate that the

was due
occurred with the sam
Simtlar to what was demonstra
occurrence of 1gG-SMA was no
The present absorption experimen

majority of IgG-SMA 1n RA react with Faacun but
also that non-acin antibodies may ocur The
absorption effect could not be due to non

1 binding of labuhns, as the
ANA-titres were unaffected SMA 1 chrom¢
hepatius also react with F-act, but an oiber
diseases SMA with other specificities may occur (5}

An increased prevalence of SMA could not b
demonstrated 1n other types of arthrius but ths
mught be due to the low number of patients tn thest
groups The mcidence of ANA 1 RA and other
Jont disorders was simiar to what has been found
by others (10, 18, 23)

SMA occur transiently 1n some mfections eg
acute hepatitis, infectious mononucleosis, cytome-
galovirus , measies and mycop! pneu
morae mfection (3, 4, 6, 11, 12) An association
between infections and various arthritides has beent
suggested {14), and 1t 15 possible that S\MA m RA
may arise after mfection However. 1 infectious
diseases SMA are predomnantly of the IgM-class
whereas 1n RA they were of the JgG-class High
utres of IgG-SMA and measles virus antibodies
were. however, found 1n synovial Nurd and servm
fcom a pauient with atypical RA (21) This 18 of
\nterest sinoe some 1gG-SMA reacted with actn (8
which has been found 10 paramyxoviruses Qn
Immunization to measles virus might be assoctated
with formation of both specific viral antibodies and
actin anubodies It should also be mentioned that
ANA and rheuratod factors have been demonstra
ted m mfecuous diseases (15 24) and that SMA
occurred most often 1n rheumatoid factor-posine
RA patients

SMA have previously beent demonstrated 1 Iner
disorders (11, 13, 16). and it is possible that SMAm
RA 1s related (o hepatic mvolvement Webb et at




(23) investigated more than two hundred patients
and found a bigher prevalence of abrorma) lwer
funcion tests 1 SMA postive than in SMA
fiegative paents They (23) also found MTA 1 7
" (32%) RA patiemis and 2 of these were S\A
postve In accordance with this we fourd MTA w
1 (%} pavents who were both SMA posisve
Rased ataline valug bly of

w

us and other liver discases apd their chinical
umplcatons Clin exp  Immunol / 237-262
1966

Ettng P Graudal H & Faber } Organ speafic
and organ nom speaific auto-antibodies 1 rheuma
toid anhntts Acta med scand 13> 103115
1967

Fader v & Elting £ Anu nuclear factors TANFY

es
hepatic origin i & high percentage of RA patients

Rahi er al (17) reported an mnereased sncidenct of
SMA m wetis which 15 assocated with £g
ankylosing In i
us we could not demonstrate any elevated preva
Jenct of SMA This mught be related to the fact that
none of our patients had indocychins

12 RA the SMA positive group was characterszed
by 2 hugher wcdence of rhevmatond factors and
eleated allaline phosphatase values and higher
ESR than the SMA negative group This might be
etplaned by a more severe or mofe achive Giseasen
patients with SMA than i those without However
1 order 1 1nvestigate (hits 1t Would be necessary 1o
perform a fongttudinel study of a Yarger group of
pauents

This work was supporied by a grant from P Carl
Petersens Fond
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TABLE 4 1gG-SMA and -ANA Titres before and after Absorption with Muscle Protems

Absorption with

Serum Unabsorbed F-acun Myosin Tropomyosin
SMA ANA SMA ANA SMA ANA SMA  ANA

x-60 10 40 <5 40 20 40 10 40

x 61 20 40 <5 40 20 40 20 4

x-63 10 <5 5 b

x-87 10 <S5 nd 5

x-186 10 <5 5 20

x-307 80 <10 nd nd

x-329 10 <5 5 10

x-339 40 <10 nd nd

x-357 40 20 40 40 40 40 nd nd

26 7% of the SMA-positive and tn 18 1% of the
SMA-negative patients (not sigmificant) No correla-
tion between the duration of symptoms and the
occurrence of SMA was found

None of the patients with juvenile chronic
arthritis or seronegative spondarthrius had iridocyc-
htss, and no correlation between this disorder and
the occurrence of autoantibodies could therefore be
demonstrated

Specificity of SMA

Absorption of 8 of 9 IgG-SMA-positive RA sera
with F-actin resulted 1n abolition of the reactions
with smooth muscle Absorption with myostn and
tropomyosin did not cause a significant decrease 1n
SMA-utres (Table 4) The SMA-titre of serum
x-357 was not decreased after absorption with F-
actin, myosin or tropomyosin, but the IIF staining
was weaker after absorption with F-actin than in
the unabsorbed sample Three sera also contained
IgG-ANA, but the antibody titres were not affected
by the absorption with F-actin myosin or tropo-
myosin

DISCUSSION

An increased meidence of SMA has previously been
demonstrated i RA by some authors (8, 23) but
not by others (9) In the piwsent report, the utres
were 1n the same range in patients and controls, and
1t was found that the increased frequency of SMA
was due to IgG antibodies whereas IgM-SMA
occurred with the same ncidence as 11 controls
Stmilar to what was demonstrated in controls, the
occurrence of [gG-SMA was not related to age (1)
The present absorption experiments ndicate that the

134

magority of 1gG-SMA 1n RA react with F-acun bt
also that non-actin anubodes may occur The
absorption effect could not be due to non
immunological binding of immunoglobulins 28 the
ANA-utres were unaffected SMA 1 chrone
hepatitis also react with F-actn, but m other
diseases SMA with other specificities may oceur (8)

An increased prevalence of SMA could not be
demonstrated 1n other types of arthritis but this
mught be due to the low number of patients 1n thes¢
groups The mcidence of ANA 1n RA and other
Joint disorders was similar to what has been found
by others (10, 18, 23)

SMA occur transiently in some Infections €8
acute hepatitis, Infectious mononucleosis cytome
galovirus infection, measles and mycoplasma pnet
momae mfection (3, 4, 6, 11, 12) An assocration
between infections and various arthritides has been
suggested (14), and 1t 1s possible that SMA m RA
may anse after mfection However, 1n mfectiots
diseases SMA are predommantly of the TgM class
whereas 1n RA they were of the IgG-class High
utres of IgG-SMA and measles virus antibodies
were, however, found 1n synovial flurd and scnm;
from a patient with atypical RA (21) This 150
interest since some IgG SMA reacted with acu )
which has been found 1 paramyxoviruses [¥2)
Immunization to measles virus might be associated
with formation of both specific viral antthodtes and
actin antibodses It should also be mentioned that
ANA and rheumatoid factors have been demonstra
ted 1 infectious diseases (15, 24), and that SMA
occurred most often 1n rheumatoid factor-posine
RA patients

SMA have previously been
disorders (11, 13 16) and 1t1s posst
RA 1s related to hepatc involvemen!

demonstrated 1n hver
ble that SMA 18
t Webb et al



(23} vestigated more than two fundred patents
and found a higher prevalence of abnormal Wver
2on tess i SMAposiave than s SMEA
wmve pacents They (23} also fourd MTA 1)
%) RA patients and 2 of these were SMIA
st In accordance with this we found MTA m
1%] patients who were both SMA posiuve
sed alkaline h

-

s and other Lver discases and ther climal
imgliciuons Cho e1p tmmonel § 233-262
1966

Ettng P Graudal H & Faber 3 Organ specific
and orean non speafic ano-antbodies it 1hesma
tod anhrts Acta med scand 132 3748
1967

10 Fader b & Etmg P Anu auclear faciors (ANFY

values of as s d by the anuhody
ateougm 1 a tugh perorntage of RA patents rchrique Acz med scand 137 309-313 1965
¢ been demonstraled previously (1) burwewite 3} Farrow L 4 Halborox £ 7 dobnsn G B

able to show that the presence of SMA could be
wed o abrormal blochemucal liver tests

Rafu et af (17) reported an ynereased incidence of
A m uveiss which 15 assoctated with &g
iylosing d: In p

we could not demonstrate any elevated preva
102 0f SMA This might be related to the fact thay
n¢ of our patients had rridoeyelius

o RA the S\{A positive group was charatterized

4 hughet wncidence of theumaicad faciors angd
wated alkaline phosphatase values and higher
SR than the SMA negative group This might be
plasnied by 2 nyore severe OF MoTe AUVE MSLAVE D
uents with SMA than in those without However
‘ofder 1o 1nvestigate this 1t would be necessary to
'rform a fongutudinel study of a larger graup of
iehts

Bis mosk was supposed by 2 aTam from P Card
tersens Fond

REFERENCES

{ dnterser P Coteefauon of smoath euscle and
fuclear antibodies 10 narmal subyects Cho exp

{mununol 27 13~37 3977

Andersen P Forekomsien af awioantstoffer hos

%?gilptrsnner Ugeskr Lager J41 3333-3)56

Andersen P & Andersen # K Immunoglobulin
levels and specafic sl antbodies w telanon o
$Nooth muscie anubodies 1n Sytomegalovirys infec
@ 4 ehn @b tomunol § 233236 1978
Anfersen P & Faber ¥ Antbodies 16 smooth
Zuscle and other tsue corapdnents i infectious
Monomucteasis Scand I Infect Do f0 -5 1978
Andersen P Small J b & Sobies ek A Studies
0n the speccficiey of smooth muscie 2nubodies Chny
ap Immynol 26 3766 1975
Bterfeld G & Swner & Smooth muscle anub
£ 12 Vi ooplasma preumonsae nfection Chia exp
Immuno) 3¢ 283291 1976
Cocket R Kendall M J Bocker J F & Mawk ns
€ F Serum hiochemical Values 1 thepmatrud
N disease Agn cheum Dis 30 166370 197)
Dusicch i3 Rou 1 M Walker J G & Shertok
3 Tusvr antbodies n prmary bilsary cyrrhosis,
30U chrgnic fluposd) hepattis CryPogemic frerhg-

“

I~

&

=

&

I+

4

tamp 5 G Stemnn & § Tater P F &

Zuckerman A J Autoanubodies and the hepabiss

associated antigen in scute infectise hepanws B

Med 1 2 693495 1970

Hawe At Fibnitar anticeliular antibody asvociared

with mumps and measles infection Chp e3p.

Immunol 12 335-341 1972

Johnson G D Holborow E J & Ghmr L E

Angbody &y swoath muscie < pavents #uh bver

o sease Lancee o B78-B7F 1985

Achiomak 2 & 3 Habmen P Ve voie oi v

10 the aetiology of connecuve issue drseases Ann

Chg Res 7 12913 W78

kaplan M E & Tan £ M Antinuclesr anvbodies

w0 wfectious mononuckoss Lancer /35563

[S13%

Ladefoged K Andersen P & Jorgensen J
and serum tohulins 10

chrontc liver diseases Acta med scand JO§ 103~

109 1979

Rat & H# § foiborow £ 5 Pprom E S

Gungen ¥ Y & Dommg B ) immunologica)

1nvestigations 1n uveis Trans pphimal Soc UK

96 113322 1976

Ruche R F The clivical ssgmficance of tred

anuauciaar anubodies Anhnus Rhewm SO 534~

152 967

Ropes M W Bennett G A Copb S Joror R &

Jessar R A4 1958 Revision of dragnosuc craera

for rheumatoid arthsis Bufl Rheum Dis % 75—

176 1958

Spudich S A & Wat S The regulation of rabhn
sketeta] muscle conteacyon By Chem 745
A246~4871 (971

bunfik 8 Mellve © 1 & o £ Loca)
sraovial syathesis of ohgoctonal measies virus
antibodies and of smooth muscle anubodres i 2 case
of 2typical vhewmatond arthrios Ann theum Dis
J6 302-310 1971

Hang £ Wolf B A Lomb R § (hrpn P W
& Goldberg A K The prasence of acun n
énvefoped viruses J Cel) Biol 67 4452 197§
Webk 1 Wholes A MacSveen 8 N A Auke
G Dck B C & Buchanaa W B Liver disease
i rheumatord arthriys and Sjegrens syndrome
An rheurn Dig 34 70-81 1975

Biffiams R € & kel # G Rheunsa g
fagtor complement, and conglusmin abesrations t
Patrents with subacute bacterial endocardutes 1 cfin
Tovest 41 666675 1962







Acta pats microbiol scand Sect. C 88 137-143 1980

MYCOPLASMA PNEUMONIAE ANTIGENS DEMONSTRATED
BY CROSSED IMMUNOELECTROPHORESIS
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Schuten H J Mogensen H H & Lind K Mcoplasma pneumoniae anugens demonstrated by
ossed immunoeketrophatests Acta path mucrobiol scand Sect € 88 137-143 1980

Soluble M) coplasma preumomae anugens were analysed by crossed immunoelectrophoresis At least 15
prectpuation arcs were developed between the soluble antigens and rabbut anti M coplasma preumoniae
hypenimmune sera Sera from Mjcoplasma paeumomae nfected patents formed precipuaton arcs
which were wdentified with those formed by a chloroform methanol extract of Vieoplasma preumoniac
Low concentrations of human anubodies not detectable 1 a complement fixztion test were found to
react with these anugens The antigens were shown to cross react with antigens of ‘Micoplasma
neuroly yicum Emphasis was placed on the techmical development of the ¢crossed tmmunoelectrophoresis
Tor the analysis of smmune anugens of M,

Key words M. I

crossed

Hans Jergen Schutten The Mycoplasma Laboratory Blood Bank & Blood Grouping Department Statens
Seruminsutut Amager Boulevard 80 DK 2300 Copenhagen S Denmark
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Crossed immunoelectrophorests (CIE) has been
employed 1n the analysts of antigens of various
Mycoplasma species (1 6 7) In the present study
this technique was used 1 prelimnary insestiga
©0ns of Ay coplasma pretmonuae (MP) 2nuigens and
ther m
"abbit sera and 1n patent sera The study was
Manly devoted to solving technical problems and to
achieving optumal precipuitation patierns

MATERIAL AND METHODS
Crossed immunoelectrophoresis The CIE technique of
Laurelt (4) modified by Axelsen et al (2) was used
Electrophoresss was performed | per cent agarose
ITEv e Lo s -
. .

+2 #l ol anfigen preparation was apphed to wells o shits.
N the gel The first dimension electrophoresis was

performed at 10 V/em for 5060 menures The second
dimension electrophoresis was conducted on exther §x 5
7% 7 or 10 x 10 cm glass plates for I8 hours a1 1-2 A
em In some expeniments an intermediate gel was cast
between first and second dimension gels To demonstrate
'y mobile antigens the first dunension gel was placed 1n
the middle of the plate with the anugen well n the center
and antibody containing gel cast on both sides of 1. The
gels were pressed washed dried and stained with
Coomassie Briltiant Blue
Antigens Soluble antigens were prepared fros

Mac strain of MP grown 1n Hayfick s sundardr:n;hu:
with HEPES buffer in Roux flasks The glass adherent
colonies were washed scraped off and washed again {5)
:\ sljs;:ensxon of these orgamisms 11 0 15 M Nat g -






diatysed agamnst 1SOLOME phosphate buffer pH 74 Some
of these preparations were further purified by gel
filration In the ssolated "7S fracions only 1gG was
detectable by CIE using an anuse'rum 10 human serem
~->teins {Dakopatts Copenhagen!
The DEAEosellulos: column was washed with 0 3 M
osphate buffer pH 80 and the eluted protemns were
sezp tated with 25 g ammonium sulphate per 100 ml
i The precpiate was fedissolved 1 Hz0 and
ssed through an Ulrogel AcA 34 (LKB) column
acuons shown fo contan IgM by fused rocket
munoelectrophorests (2) with anuseram to human p
wains (Dakopatts) were pooled For further punification
column of rabbit IG to human y chains (Dakopatts)
»upled to CNBr Sepharose 4B (Pharmacia) was used 10
umove aggregated 1gG The eluted protemns which
smsuteted the "19S fracuons” contained no detectable
G

Detergent The non tome detergent Triton X 100 was

Tnprc dgeston The CM exwact of MP was
ocubated with trypsin (Trypure Novo) at a concentra
1on of about 1 mg/ml at 37 °C for 60 m nutes pH 8 0
) gestion was stopped by Trasylol (Bayer}

RESULTS

FPreciputanon Pattern in CIE

With 25 pl antigen (2-$ mg protetn per ml) and
500 ul anubody mn the second dimension pet
generally 15 precipitation arcs could be identified on
TX7 em plates most of Which were disunct and
reproducible (Fig 1a) With some pools of hypertm
Tune sera up to 24 precipitation arcs were seen No
precipitate with y mobility was observed

Two arcs were wdentified as growth medium
immune precipitates by mcoorporating the mediam
in an intermediate gel By this techmique an
absorption 15 made i sitw (Fig 3b) When the
anuserum was absorbed with medm prior to
¢lectrophoresis the same two arcs disappeared

Variables Influencing the Precipitation Pattern

1) Antigen preparation The ume and tempera
tre of the somcation were highly cnitical since
deviation from the optimal treatment resulted tn
loss of precipuation arcs An antigen of

2) Antibody preparation Opumal precipitation
patterns were achieved by pooling selected rabbit
hyperimmune sera Differences between anubody

raised with and mon
;olublhzed MP antigens were mainly of quantitative
natere

3)Effect of detergent Triton X 100 was effectve
1n solubsizing MP as judged from protem determ
nauon Howerer the gain in precipiiation afcs was
doubtful whether Triton was added to the antigen or
10 the gel hence this detergent was omutted wn the
expeniments presented

Antibody Reactnvaty to CM extracted Antigens

When a CM extract of MP was run in the first
diumension two precipitation arcs were formed with
rabbit hyperimmune serum These arcs could be
shown to have antigenic dentity with precipitation
arcs formed between whole anugen and rabbit

serum by of the CM

extract in an intermediate ge} {Fig Yc and &) This
“CM precipitate”™ which stamed with Sudan Black
cansistently showed the same configuration with @
confluence of two arcs whether formed by the
whole antigen preparation or by the C\M extract
alone When the whole antigen was run agamst an
18G preparauon of a pool of ants MP CF posiuve
human sera only the "CM precipiiate™ was formed
(Fizg le) Agan this could be identified by a CM
extract of MP mcorporated 1n an intermeduate gel
Fg 10

Human sera were tested for precipitating antibo-
dies by ncorporaung them m ntermediate gels
between the whole antigen and the rabbit hyperim
mune serum In this posiion human anu MP
antibodies would be expected to reduce the area of
some precipitation arcs with 2 reduction proportio-
12l 10 the increase m antibody concentration (2)
Figs 22 b c d show the effect of different
sntermediate gels Only certam CF posttve human
sera (see Fig 2c) caused a defintte depression of
cerlan precipitates as compared to CF negative
era A strixing finding was the significant depres
swon of the CM precipitate™ caused by CF non
feactive sera (Fig 2b) The same effect was observed
with rabbit and gumea pig sera m the intermediate
gel whether CF postuve or non reactive The

300 Wl contarming 3-5 mg proten per mi was
sonicated for 2 x 30 seconds in an ice water bath
The ampitude was 8 pm | alter

serum for this d g
effect were tentatively investgated Figs 3a b ¢ d
e show the effect of different intermy

sonication the antigen preparauon was centrifuga
ted at 40 000 g for 10 runutes When this anugen
Wwas kept at room temperature for more than 30

munutes before application some of the arcs would
MOl appear

ednate
a) saline (no d b ag;I;
fracuon and ¢} 2 195 fraction from a pool of CF
Pposiuve sera (both depression) d) a 7S fraction of 2
CF rnon reacuve pool (depression) and ¢) 2 198
cuon of the same pool (no depression) The
€pression seen m c) and d) was abolished by

fra
d



§
; —_— -
f

i
Tioag) s,

—

{

£ig I Effect of absorption n situ wilh growth medium and CM extract of MP a) and b) first dimension 25 ol MF
sonicate Top gels 500 p! hypeimmune anu MP serum Intermediate gels a) saline b) growth medum Arfows
wdicate growth medium preciptates ¢) and d) first dimenston 25 ul MP sonicate Top gels 200 pi hypermsmune
antl MP serum Intermediate gels ¢ saline d) CM extract of MP €} and D) first dtmension 25 l MP somcate Second

dimension 1gG preparation of human antt MP sera Intermedsate gels €) saline §) CAf extract of MP

Freund s incomplete adjuvant Another group of rabbits
was {njected with somcated MP solubihized by Lo
lysophosphatidyl choline {about 02 per cent W/V)
following the same schedule Imtally these rabbits
responded with very high antibody titres Which gradu

ally fell to the fevel achieved in the rabbits tmmunized
with non solubihzed MP The complement fixing (CF)
antibody titre (5) i Sera 10 be pooted was Z 1000
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Partial punfication of the y globulin fraction %as
performed by erther ammanium sulphate precipitation
DEAE cellulose chromatography or gel filtrauon
Purification of human vy globulins Pools of humat
sera were dralysed against 0 01 M phosphate buffer pH
80 and passed through a DEAE ceflulose colusna
equilibrated with the same buffer The first peak eluted
using the buffer was d and




dualysed agamst isotonie phosphate buffer pH 74 Some
of these preparations were further punfied by get
filrauon Tn the isolated TS fracuons™ only 1gG was
dewectable by CIE using an antiserum to human serum
protetas (Dakopatts Copenhagen)

The DEAE cellulose column was washed with 0 3 M
phosphate buler pH 8 0 and the eluted protens were
orecipuated with 25 ¢ ammoruum sulphate per 100 ml
eluate The preciprtate was redsssolved m H20 and
passed through an Ultrogel AcA 34 (LAB) column
Fractars shown (o contan 1gM by fused focket
mmudotlectrophoress (2) with anuserum to human p
hans (D pooled For funther punfi

2) Antibody preparation Optimal precipitation
patterns were achieved by pooling selected rabbit
hyperimmune sera Differences between antibody
preparations raised with solubiized and rnon
solubilized MP anugens were mamly of quantitative
nature

3) Effect of detergent Triton X 100 was effecuve
1n solubitizing MP as Judged from protein determy
nation However the gain in precpitation arcs was
doubtful w hether Triton was added to the antigen or
to the gel hence this detergent was omutted 1n the

2 column of rabout 1gG to human y chains {Dakopats)
coupled to CNBr Sepharose 4B (Pharmacia) was used to
remove aggragated 15G The eluted proteins which
consutured the “19S fractions™ contained no detectable
G

Detergent The non 1omc detergent Triton X 100 was
sed

Tryptc digestion The CM extract of MP was
incubated with trypsin (Trypure Novo) at a concentra
tion of about 1 mg/mi at 37 °C for 60 munutes pH 8 0
Digesion was stopped by Trasylot (Bayer)

RESULTS
Frecpuaton Pattern in CIE
With 25 14 antigen (2-S me protesn per ml) and
500 W antibody 1n the second dimenswon el
erally IS preciputation arcs could be identified on
7 em plates most of which were distinct and
oducible(Fig 12} With some pools of hyperim
inesera up to 24 preciputation arcs were seen No
*pitate with y mobility was observed
WO arcs were identified as growth medium
mune precipitates by ncorporating the medium
0 wtermediate get By this techmque an
sorption s made s sity (Fig 1b) When the
Userum was absorbed with medum prior to
*ophoresis the same two arcs disappeared

arlables Influencing the Precipitauon Pattern

1) Atugen preparation The ume and tempera
e of the somcation were highly criical since
Shation from the opumal treatment resulted 1
s of precipitation arcs An antigen of

presented

Annbody Reactivity 10 CM-extracted Antigens

‘When a CM extract of MP was run 1n the first
dimension two precipitation arcs were formed with
frabbit hyperimmune serum These ares could be
shown to have antigenic wentity with precipiation
arcs formed between whole antigen and rabbut
hyperimmune serum by incorporation of the CM
extract in an intermediate gel (Fig 1c and d) This
“CM precipiiate™ which stained with Sudan Black
conswstently showed the same configuration with a
confluence of two arcs whether formed by the
whole antigen preparation or by the CM extract
alone When the whole antigen was run against an
1gG preparation of a pool of anu MP CF posiuve
tuman sera only the "CM precipitate™ was formed
(Fig 1e) Agamn this could be tdentified by a CM
extract of MP corporated 1n an intermedrate gel
Fig 10

Human sera were tested for precipitating antibo-
dies by incorporating them 1n mntermediate gels
between the whole antigen and the rabbit hypenim
mune serum In this posiion human anu MP
antibadies would be expected 1o seduce the area of
some precipitation arcs with a reduction proportio-
nal to the increase 1 anubody concentration (2)
Figs 2a, b ¢ d show the effect of different
intermeduate gels Only certain CF positsve human
sera (see Fig 2c) caused a defimte depression of
certan precipiiates as compared to CF neganve
sera. A striking finding was the sigificant depres
sion of the "CM preaipiate” caused by CF non
reactivesera (Fig 2b) The same effect was observed
with rabbit and guinea pig sera 1n the intermediate
81 whether CF posiive or non reactive The
serum for this d

90 W contuming 3~5 me protein per ml was
omicated for 2x 30 seconds 1n an Ice Water bath
The amplitude was 8 pm  Immediately after
Oucation the antigen preparation was ceatrifuga
42t 40 000 g for 10 munutes When this antgen
*2s Xept at room temperature for more than 30
Tumutes before apphcation somme of the arcs would

effect were tentatively investigated Figs 3a b o 4
€ show the effect of different intermediate gels
contaming  a) saline (no depresston) b)a 75
fracton and c)a 198 fraction from a pool of CF
posiuve sera (both depression) d) a 7S fraction ofa

non reactive pool (depression) and e) a 198
fracuon of the same pool (no depression) The
depression seen 1n <) and d) was abghished by



Fig 2
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Effect of human sera 1 the mtermeduate gefs Fitst dimension (0 wl MP sonicate Top gels 200 ¢

hyperimmune anu-MP serum Intermediate gels a) saline b) anti-MP CF-negative human serum ¢) and d) anut MP
CF-positsve sera with tres of 256 and = 4000 respectvely

absorption with whole MP orgamsms  After
dilution of the 7S fraction of the CF-positive poo}
used 1n b) to law CF ture, the depressing effect was
stll present After absorption with whole MP cells
thus effect was eliminated, and the anttbodies were
no longer detectable However, even after repeated
absorptions of the undituted, strongly positive 7S
fraction, this absorbate st caused the depression of
the "CM precipitate”, when placed 1n the intermedi-
ate gel as shown n b) The utre of the absorbate
could not be evaluated by the CF test because of
anticomplementary ¢ffect, probably due to immune
complexes ANl fractions were adjusted to contan
18G and IgM correspondng to the content of 250 pl
aormal human serum by rocket immunoclestrop-
horests {2) These results suggest that the CF test
Wwas too insensitive 10 detect the low concentrations

for the dep

hod

to MP r b

of
effect

Cross-rescisvity between Mycoplasma (M) Species
Studied by Absorption with Annigen

A CM exiract of M neurofsticum was found to
react with human ant-MP sera in the CF test, 20d
the antibody utres were the same as obtained with
an MP CM extract Both antigens could be used 214
diluon of | 100 {n ClE the CM extract of M

um formed a p with rabbit ants

MP sera This precipiate was totally abolished by
tnserting an intermediate gel contaning CM extrac
ted MP antigens On the other hand, the precipitite
formed between the MP CM anugen and the same
anusera was only weakened by the Af neuraf ticum
CM antigen 10 an intermedrate gef This suggests 2




Fg 3 Effectof dsfferent human y-globul o fracbons .
the wtermediate gels Frst dmension 10 @ MP
son cate Top gels 200 pl hypenummune antl \MP sera
Intermediate gels a) sahine ) 7S fracton and © 195
fracuon of human anu MP CF pos uve séra [
fraction and ¢) 198 fraction of human anu MP CF non
reacuve serd
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ol N;xﬂxlu)g:;:; ;"!nenzxy berween hipid antigens of  sera when this antigen was used
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Fig 4 Effect of absorption with MP organisms  First dimension 10 pl MP sonscate Top gels 500 pl anu M
hyperimmune sera a) unabsorbed b) absorbed with whole MP cells

Absomption of hyperimmune sera with whole,
washed MP cells showed detectable ncrease in the
area of some of the precipitation arcs, while others
were unchanged (Fig 4) The elevation of particular
precipitates 1s assumed to be due to absorption of
antibodies 1n the antiserum by anugens on the
surface of the cells After absorption of hyperim-
mune serum to MP with whole cells of M homnis
N0 changes 1n peak heights were observed, except
for the precipitates representing growth medium
factors, which were eliminated A soluble antigen,
prepared from M homums as described for MP, was
placed 1n an intermediate gel between soluble MP
antigens and rabbyt anti-MP Serum in the CIE No
Cross-reactions were observed

DISCUSSION

tive sera were placed 1n an intermediate gel betwee!
the sonicated MP antigen and hyperimmune rabbi
sera, some addifional precipitates were depresse
owing to a contribution of human antibodies Ever
low concentrations of MP antibodies, not detectable
1n the CF test, would exert a depressing effect on the
“CM precipitate” when placed 1n the ge} between the
somicated MP and hypenimmune sera It 15 not
known whether these anttbodies were ehcned
dunng previous MP infection or by cross reacting
anugens

Kenny (3) has shown that CM-extracted Upids
from M neurolyncum and from MP cross-react 1t
the CF test The fact that CM-extracted lipids from
MP and M neurofyticum did cross-react i both the
CF and the CIE tests ndicates the presence of
common CF and precipitating antigens 10 the t#0
microorgamsms  Although CIE may be useful 0
the analysis of antigens which are active In namrﬁ"

fe 1t seems to be of litle clincal diagnoste

The CIE offers a means of
mically such antigens of MP that are precipitable by
from hyper d ammals The
versatility of the test depends on the solubility of the
antigens and therr electrical charge, as well as on the

value The method has its masn potentialities i the
analysis of immunological cross-reactions

We thank Hanne Mandrup Moller for skitfol and
technical

ability of the animals to form p antibo-
dies Although antigens of MP seem to be less
readily precipitated by hyperimmune sera than
antigens of other M) coplasma specses (1, 6, 7) a
maximum of 24 different anugens could be
demonstrated by the CIE

MP antibodies 1 human sera that are deteclfd in
high titres by the CF test give rise only to the "CM
precipitate’  However, when human antt MP post-
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SPECIFIC DETECTION OF DIFFERENT PLASMA
PROTEINS IN GEL FILTRATION FRACTIONS
BY SOLID PHASE ENZYMEIMMUNOASSAY (EIA)
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Vianen M K Specific detecuon of different plasma protetas in gel filtrauon fractions by solid phase
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An eazymeimmunoassay (EIA) is described enabling sensitive and specific immunodetection of different
proteins i analyucal and preparative fractionauon of biological mixtures The method 1s based on the
abilny of polystyrene to bind proteins and polypeptides Commercially available rabbit antisera are used

combined with the use of commercial alkatine
g0od assortment of rabbit antisera available
biological samples by the present method

Key words Enzymeimmunoassay gel filtration

Matw K Vilanen
Finland
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Analyucal and Preparative molecular sieving of
biological protem maxtures usually yields a large
number of fractions The 1dentification of different
Proteins and polypeptides 1n the fractions can be
on funcuonal or chemmucal properties of the
molecules to be 1dentified €g enzymatc acuvity
dve binding etc  However the vast majority of
Protemns in biological samples lack a suitable marker
for detection and they have to be identified by
‘mmunocherical methods ustng specific antisera
The immunochemical detection 15 mostly carried
0ut by different modifications of immunoprecipita

Uon 10 gol phase (3 4) These methods are
however mostly and re t

phosphatase conjugated anti rabbit 1gG antbodies The
makes possible identificauon of hundreds of proteins 1n

Department of Medical Microbiology University of Turku SF 20520 Turku 52

used yields a coloured product allowing a visual
reading of the results For more precise measure
ment of eg elution volumes after molecular
Sieving a photometric reading of optical absorbances
can be used The method 1s applied for the detection
of a d-reacuve nenocomponent protein i Sephadex
G 200 fractions of 2 myeloma pauent s plasma

MATERIALS AND M ETHODS

Gel filtration Sephadex G 200 column (100 cm x § cm?)
Wwas used for fracuonauon of 0 § ml of normal human
plasma or plasma from the myeloma patient (MAL) The

Tg Which restnicts therr use in paralleled

Kentuficauon of several proteins n a large number
of fracons

Tn the present work a method s described for
detecuon of Proteins ustng commercially available
;mﬁc anlsera and the ability of polystyrene to

0d proteins (1) The enzymatie indicator reaction

routne analysis revealed that MAL
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An eazymeimmunoassay (E1A) 1s described enabling sensiuve and specific immunodetection of different
protewns in znalyucal and preparauve fractonation of biological mutiures The method 1s based on the
ity of polystyrene to bind protens and polypepudes Commercially available rabbit antsera are used

combined with the use of alkaline

ant rabbit 1gG anubodies The

80od assortment of rabbit antisera available makes possible identificauon of hundreds of protemns 1o

biological samples by the present method
Key ®ords Enzymemmunoassay gel filtrauon

Mat K Vil
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Acccpied as submutted 11 3 79
Analyneal and preparative molecular sieving of
bological protein muxtures usually yields a large
number of fractions The identification of different
Proteins and polypeptides 1n the fractions can be
based on functional or chemucal properties of the
Molecules to be dentfied €g enzymatic actvity
dye binding etc Howeyer the vast majonity of
Protens in buological samples lack a suitable marker
for detection and they have to be idenufied by
\mmunochemical methods using specific antisera
The immunochemical detection 15 mostly carried
9ut by different modifications of mmunoprecipita
10 gel phase (3 4) These methods are

anen Department of Medical Microbiology Unwversity of Turku SF 20520 Turku §2

used yields a coloured product allowing a visual
reading of the sesults For more precise measure
ment of eg cluton volumes after molecular
sieving a photometric reading of optical absorbances
can be used The method 15 applied for the detection
of a b reactive monocomponent Pprotein 1n Sephadex
G 200 fractions of 2 myeloma Ppatent s plasma

MATERIALS AND METHODS

Gel filiration Sephadex G 200 column

(100 cm x 5 cm?)
was used far fractionation of § 5 m1

of normal human

plasma or plasma from the myeloma patient (MAL) The
Bowever mosty and rovtine analysis. revealed thar MAL
g Which festncts thew use - pamifeled  PlASma contamed monocampanent protwn carrysng 3
wenufication of several proteins in a large number  DOYY % - A4 . "
of fractons determ; v
In the present work 2 method 1s described for ﬁ;‘ ',:: !

on of proteins using commercially avadable
;venﬁc antisera and the abuity of polystyrene to
7od protes (1) The enzvmatc mdeator reaction

" Tut Ve pubiished
PH 8 0)ata flow rare
€luuon The fracuon
A concentration of the

clsemtere (5 6) Tris HCL buffer
S ml per hour was used 1m the
volume was 10 @t Tout proes






(molwt 900800} When extrapolated from the
eluton volumes of IgG (y heavy chans) C3
transfernin and albumin the molecular size of the
paraprotesn 15 about 250000 daltans

The maumum protewn concentration which does
not exceed the binding capacity of the solid phase
cn be estmated {rom the top value of the albummn
curve This concentration 1s 2 | mg/ml and when
the opumal dilution (1 100 1000) 15 taken m
2C00UNL ONE Gan estumiate that the maximum proten
concentration 15 between 2-20 pg/ml The detec
tion it of this method can be estimated from the
descending arc of the alburun curve Protein
concentration of the fractuon giving in albumin EIA
sull signuficantly higher absorbance than the back
ground value was 0 1 mg/m! When this figure 15
dwvided by the opumal diluton for albumin
detection (1 1000) the detection hmut 15 0 1 pg/ml

DISCUSSION

A good assortment of commercial antsera s
available for immunological detection of different
proteins 1n analytical and preparative fractionations
For the estmation of molecular size of an unknown
protein by get filiraton at least 3-5 different
markers of known size are needed This necessitates
asimultaneous assaying of a relatively large number
of samples and a paralle] use of different techmques
€3 wsotopic markers enzymatic markers ete Itts
Possble by the present EIA method to measure
hundreds of samples daily and to use proteins pre
eusing 1n biological flusds as markers and no
add ng of external markers 1s needed Photometric
reading of absorbances 1n EIA makes possible a
precise esimation of elution volumes This can be
achieved mosily by assaying the samples 1 one
dlution only The expensive antisera are used n
{ngh dilutions 1 the assay and their consumption 1s
aw

The refatively narrow working range of the assay
Tecessitates adjustment of total protein concentra
Uon 1n each indwidual case sustable for the binding
apacity of the solid phase Owing to competition
between different proteins the method cannot detect
2 protein CUSUNE as a very minor compeneut
2mong others of same molecular size Therefore the
detection himn 01 pg/ml must be considered
Somesw hat theoretical The specificity of the anusera

used 15 out of the scope of this report but it s
evident that possible slight cross reactivitses do not
have any effect on the estimation of the elution
volumes of the proteins studied On the other hand
EIA provides a sensiuve tool to study the speaificity
of anusera produced against purified protemns

EJA can be apphied 10 a1} fractionations where the
proteins can be eluted out of the medium €g gel
electrophoresis (6) The sensivity of the method 1
high enough for assays made in micro scale using
only mucroliters of samples The photometric
reading of absorbances used 1n the present work
necessitates polystyrene cuvettes of very high opical
quality However quite satisfactory results can be
obtamed using ordinary disposable polystyrene
tubes and visual esimation of the mtensity of the
colour The reaction muttures can also be transfer
red to normal photometric cuvettes for measure
ment of absorbance

The molecular size estimation of the paraprotein
by EIA In the present work 15 1n good accordance
with the results recenved by other techniques (6)
During the purification and characterization process
of the paraprotein in this first & heavy chain disease
EIA proved to be valuable

1 wish to thank Mrs Mo ja Safonen for expert technical
ass stance
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fractions was estimated by measunng absorption of
ultraviolet light (280 nm Uwicord LKB Sweden) A
more accurate quantificauon of proteins was carried out
by the method of Lowry et al (2}

Performance of EIA The tests for speaific proten

detection by EIA were carried out in disposable
polystyrene mne cuvette blocks (Finnpipette Labsys
tems Helsinki Finland) The following proteins were
detected 1n the above mentioned fracttons of MAL
plasma y p and & heavy chains atbumm C3
component of the complement system and transfernin
In order to clarify the optmal dilution of the fractions
they were diluted 1 10 1 100 1 1000 and | 10000 by
005 M PBS pH 74 (PBS} All determinations were
made 1n trplicate A volume of 200 ! of each dilution
was added to the cuvettes and incubated 3 hat +37°C
for attachment of the proteins to the solid phase The
cuvettes were washed three ttmes with 0 4 ml of PBS
The soltd phase was saturated by icubating the cuvettes
2 h at +37°C with 200 pl of PBS supplemented with
1 0% of bovine serum albumin (BSA PBS) The cuvettes
were washed once with 0 4 ml of physiologtcal saline
with 005% of Tween 20 (NaCl Tw) Commercally
available rabbit anuisera against heavy chans C3
albumun and transferrin (Behningwerke AG  Frankfurt
am Mam Germany) were diluted | 1000 with BSA PBS
and added to the cuvettes n a volume of 150 ul The
cuvettes were incubated 1 hat + 37 °C and washed three
times with 04 ml of NaCl Tw 150 pl of alkaline
phosphatase conyugated swine anti rabbit IgG (Orton
Diagnostica Helsinki Finland) diluted 1 200 with BSA
PBS was added to the cuvettes The cuvettes were
incubated 4 h at + 37 °C and washed as previously The
amount of alkaline phosphatase bound to the cuvettes
was using p nutrop! (Sigma
Chemical Co St Louss Mo USA) as a substrate in 2
concentration of 2 mg/ml tn glycine MgCly buffer pH
10 0 (Orion Diagnostica) The intensity of the colour of
the product was esttmated visually or tts absorbance was
measured at a wavelength of 405 nm 1 a nine channet
photometer with a vertical beam specifically adapted for
the nine cuvette blocks (Finnpipette Analyzer System
FP 9 Finnpipette Labsystems)

RESULTS

A clear prezone phenomenon could be observed 1n
the effect of total protemn concentration on the
binding of protems to the sohd phase The optimal
dilution of fi for albumin was
11600 In lower dilutions the albumin peak was
wrregular 1n shape and standard deviation between
parallel determinauons increased Heavy chains
could be detected n both dilutions | 1000 and
1100 In 1 10 also the heavy chain peaks became
irregular and no exact elution volumes for th:se
protens could be detected The optimal difutson or
C3 and transferrin was 1 100 Possibly owing to a
competition by other proteins existing 1 the

30
iT Ml
£S5 2 N
j3

£z
zZ & w0
£8
H

o

20

3

15

10

05 /

Album n

ENZYMEIMMUNOASSAY RESULT
Obgs

FRACTIONS [m}
Fig 1 Sephadex G 200 fracuonation of 0 5 ml of norz
mal human plasma (NHP) or plasma from a2 myelom’
patient (MAL) having b reactive monocormponent Ct:':d
parison between total protein concentration :uerr i
enzymeimmunoassay (EIA} detectton  patterns ©! ;
different serum proteins m MAL plasma yp afnmn
heavy chams C3 component of complement  transié

and albumin)

fractions the binding of C3 and transferrin i | 10
was almost neghgible In higher diutsons than
1 1000 the concentration of these protemns “ﬂi
evidently so low that the absorbances dd :1‘1
significantly exceed the packground value Zl
ODy4s0 100) In the above mentioned opum
dilutions the standard deviation of triphcate deter
minattons varted from 6 to 20 per cent of the mean
values
The detection patter,
L plasma are depict
rﬁ)cafed between C3 (mol wt 185000) an

ns made from the fractions of

ed 1n Fig 1 The paraprotei®
d [gM
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381 sera from 101 patents suffering from Pseudomonas aeruginosa mfection have been investigated for
antibodues agamst a common anugen (CA) and other antgens from £ aeruginosa by means of crossed

with gel using a 188 Y
seference system The carliest anubody rechancs A rino the & e« =f
CA anubodies 1 only 38% of whe patent FIC N .

increased CA anubodies i 71% of the pr =
found that the antbody response to CA

the CA molecule and the Pseudomonas-specint part with ndividual vaniations During nfections
caused by other bacteria containing CA one third of the patients developed antibodies agamnst CA The

dugnostic implications of the results are discussed

key words Pseudomonas aerugsnosa common antigen <Toss reactions anubody response immuno-

electrophoresis

N Yioiby Deparimens of Chinicat
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Received 23 79 Accepted 16 11 79

Quanttative immunoelectrophoretic  methods
bave revealed a complex antigenic structure of
Pseudamonas aeruginosa 64 different antugens have

1t described 1n (hus species ten of which cross
T80t with other bacterial species {3 7) One of the
atgens (No 10 1n the reference system (3)
designated common anugen (CA) from P aerug
7osa) bas been chasactenzed further This 18 2
Protein which 15 present 1n a wide range of aerobic
n¢ facuhtatve anaerobic gram negative bacteria (3
11 12) On the basis of analysis by crossed line
immunoclectrophoress {absorption i sity of any
bodies) CA guees 100% cross-reaction with the
orresponding antigen m a number of other
Pseudomonns speties whereas the degree of cross

afd 7306 Tagensvey 18 DK 2200

reactivity 1s less pronounced with the corresponding
antigen 1n species belonging 1o other genera (3)
Accordingly Wt has been proposed that the CA
molecule contans bolh cross reactive anugenic
determinants and determinants which are speaific
for P aerugnosa and a few other Pseudomonas
spectes (3) The distribution of CA 1n other bacienal
species has been confirmed by means of stmilar
mmunoelectrophoretic methods using reference
systems of Bordetella pertussis Netsseria menngtit-
dis and Haemophifus influenzae (1, 5 10)
Normally-occurning antibodies agamst CA have
been found 15 sera from 54% of normal persons,
but the 95% range of tres was only 0-2 (4) Thess
normally-occurming antibodies were found 1o be
durected aganst the cross reactive antigenuc determ-
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_PAAK LEVLL OF P AERUG NOSA PRECRTNS
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MUMBER OF P AERUG NOSA PREC P T NS
Fg 1 Ihghest number of P aerugmosa precipiins
(abscissa) and cortesponding bitre of precipiuns against
CA tord nate) detected 1n sera from the 101 patients
harbouring £ acrug nosa who were nvestigated repea
tedly during the infecton Each of the pauents 15
represented by one {lled aircle  one serum Broken
Lnes ind cate the upper normal Limits of precipitins and
utre of CA anubodies

us andfor Z utre 3 of CA antibodues) (4) was
detecreg

From 50 of the patients (27 with cysuc fibrosss
and 23 suffertng from other diseases) sera (2-6)
were available before and dnring the il rise of
anubodies agawnst P ageruginosa The results obtai
Tied with the serum sample from each pauent which
showed the earliest anubody response (increased
CA anubody ttre and/or increased number of
precipiing) are shown n Fig t In most cases
162%) the total number of precipiuns rose above
normal values before the titre of CA antibodies rose
butin 24% of the cases the siUAtion was s1oe Versa
{Fig 1) 1n 14 % of the cases there was an mitsal nse
n both the tota) number of precipiuns and in the
tre of CA anubodies

Fig 2 shows the highest measured level of 7
aeruginosa precipiiins 1 sera from the 101 patients
Most of the pauents who developed an antibody
fesponse mounung above normal values showed
both an increased total number of precipiuns and an
tocteased utre of CA antibodies (58%) However
29% of the pauents showed only an increased totat
‘vumber of precipitins (up to 35)and 13% only an
increased utre of CA antibodies Two evamples of
the devel of against P
anugens are gnen n Fig 3

Fig 3 Anubod es against CA and other P aeruginiosa
anugens 10 sera from patients harbouring F aeruginosa
determined by means of crossed immunoelectrophoresis
with mtermediate gel Techmcal 2 @l P aeruginasa St
Ag 0 the wells first dimension electrophoresis anode to
the night second dimension electrophoresis anode at the
top Second dimension reference gels contam rabbit
anuserum aganst P aerug nosa (St Ab) (20ul/cm}
Swning Coomassie bralliant blue

A The intermediate gel contains serum {40 wl/cm2)
from a pauent suffering from cheonic P aerurinosa lung
infection  The patients produced detectable anubodies
against 25 of the P acrugmnsa antigens ¢ctudng CA
antibodies larrow) of utre 1 { mward feetu reacuon)

B The mtermedsate gel contams serum {40gl/cm™)
from another pauent suffering from chronic P aerugr
nosa lung infection The patient produced detectable
anubod es agawst 1S of the P aerug nosa angens
meluding CA antibod es Garrow) of titre 6

Specificrty of Antibodues against CA tn Serum  from
Fatients Harbouring P actugtnosa

The results of the absorption i siy of antbodies
against CA 1n sera from 24 patients are shown in
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nants of CA, and 1t 1s possible that these 'natural®
antibodtes are induced by the normal mucosal flora
1,4,5)

Cross-reacuve antigens are potential tools 1n
diagnosis and prophylaxis of bactersal infections,
and information regarding the antibody response
against such antigens 1s required The aim of the
present work was therefore to compare the antibody
response to CA in patients during infection caused
by P aerugmosa with the anubody response to
other P aeruginosa antigens, and to determine the
specificity of antibodies to CA Furthermore, 1 a
few cases the antibody response to CA was also
investigated n patients with infections caused by
other bacteria

MATERIAL AND METHODS

FPatients

381 sera were obtained from 101 patients harbouring
P aeruginosa 52 of the pauents suffered from cystic
fibrosts and harboured P geruginosa n the lungs as
described previously (8) 49 of the patients suffered from
a varety of other diseases and harboured P aeruginosa
11 one or more regions (respiralory tract unnary tract
middle ear gall bladder blood and cerebrospinal flind)
as reported 1n detail previously {6) The duration of the
colonization at the ume of the highest anubody response
measured was known tn 81 of the pauents {mean
duration 1 8 years range | week = 7 years)

Thirteen sera were obtained from |3 patients with
other infections vz five patents with mensngococcal
menmngitis one with Escherichta coli memngiis two
with pneumococcal memingius one with £ colt septicae
mta one with a Staphy lococcus aureus abscess one with
urmnary tract snfection caused by £ coli and Kiebsiella
prneumoniae one with urinary tract infecuon caused by
Streptococcus faecalts and one with Pseudomonas stutzert
(mucoid) lung infection Precipitating antibodies against
the offending bacteria were detectable 1t these sera by
crossed {1-35 precipins)

Immunoelectrophoretic Methods

Crossed immunoelectrophoresis with intermediate gel
and crossed line immunoelectrophoresis were performed
as described previously (3 4) In order to detect
antibodies in the patents sera 2 ul P aeruginosa antigen
St Ag batch 1) was run agansi patient serum n the
intermediate gel (40 ul/cm’) and pc led concentrated
rabbit antiserum against P acrugin s (St Abpool 7=17)
in the reference get (20 pl/cm 1 n S » 5 cm glass plates
A control with 0 154 M NaC!n the intermediate gel was
imcluded 1n the run evern day The number of
immunopreciptiates visible in plates with human serum
was counted (= the number of preciptns) and rlh:

O<utrel = 1 pl/em? < ntre2 £ 5 Wl/em? < i
= 10 pi/em? < ttre 4 < 20 pl/em? < utre 5 £
plfem? < utre 6 = 80 pl/cm? < ttre 7

In order to determine the specificity of the bum
antibodies against CA sera from 24 of the patients nt
investigated further These patients were selected a5
representative sample of the 101 patients n ths st
(Table 1) | pl St Ag was run agamst each paten
serum 1n the reference gel {10 ul/cm?) and with 2nuge
from Pseudomonas pseudoalcaligenes E coli Prote
mrabihis H influenzae (non-capsulate) in the intermec
ate gel (20 pl/cm2) or with S aureus without protem ;
and with 0 154 M NaCl as controls The percents;
absorption of antbodies against CA was estimated ¢
companson of the increase mn the area of the C
immunoprecipitate with a series of standard plav
containing St Ab20 15 10 75 Sand 2§ pl/em?

All antigen samples used consisted of water solub
antigens obtained by somcaton The anugens and 1t
method of antigen production have been described 1
detail previously (2 3)

RESULTS

Dervelopment of Precipuiating Antibodes against A
and other P aeruginosa Antigens in Patients
Harbouring P aeruginosa

In 305 (80%) of the 381 sera from the 101
patients an antibody response against £ aeruginosd
which mounted above normal values (Z 3 precip!

(N TIAL RISE OF P AERUGINGSA PRECIPIT NS
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Fig 1 Inmual anubody response to P aeruginosd anus,":
mounung above upper normal hnuts {broken fines! o
sera from the SO pattents harbourmg P aeruginosd ; '
were rep y during the infectzon Fachol

precipitating anubodies against CA were qf

by comparing the area included by human preciptuns
with the area of corresponding rabbit precipiins mn sllx
standard plates contamning St Ab 1 the Iintermedsate gel

the patients Is represented by one fitled circle = ﬂﬂlf
serum Abscissa total number of £ aeruginosa precip!
uns Ordinate ture af precipitins agatnst CA
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Fig 4 Absorpuon of anubodies s sifz by means of crossed Line immunoclectrophoresis
4 Control plate showing 2 Wl P geruginosa antigens (St Ag) i the well run against serum from a pavent suffering
from chronic £ aerugingsa lung wnfesuon 1a the second dimension reference gel (10 W/em? 25 precipiating
nubodies were demonstrable 1n the serum ncluding anubodies against CA (arrow) Sahine 10 the mtermeduate gef
B Sameas 4 but with antigens from £ coi 120 pl/cm?) in the intermediate gel Compared with A the area of the
CA precipitate farrow) increased only slightly after absorpuion of cross reactive antibodies by £ coft antigens The
2rea of a few other preciprates ¢ofresponding o Other cross reactve P gerugimosa antigens (rel 3) have also
increased .
. . .. .
- . . - . .
CA precipiate (arrows) increased greatly after absorpuion of cross reactive antrbodres by E' colr anugens The area of
few other precipiates corresponding 1 cther cToss reactve P aeruginosa anugens (ref 3) have alsp mcreased
Conclusion The first patient (A snd B) produced predominantly anubodies against the Pseudamanas specific part of
A whereas the second patiert € and D) produced predommantly 3nubodies agatnst the cross-Tesctve part of CA

reactive part of the Pseudomgnas-speaific part of  with sera fiom pavents suffening ftom 1
CA The reason for the varying tndrvidual anubody  caused by bactersal specres other tiano;:mgm;ons
fespanse s pot known but genetic differences mthe  contarming CA monas
Immune response and the tolerance A g 1o the results

of
phenomenon may be considered The same explana-  measurement of CA antibodres al?cx::c ‘lso rlk!;llhe
uons may by offered as regards the results obtamed relable a too] 1n the dugnoss of P oerugmmas

153



TABLE | dbsarpuon of P aerug; C4 Antibodies in 24 Human Seraw)by Antigens of Five Other Bactersal Speve
Ougin of anugens and number of sera
P pseudoalcaligenes E colt P purabilis H Influenzae S gureus
Percentage 100% 24 7 8 6
Absorptionof  100~75% 2 2
CA antibodies  75-50% 5 4 3
50-25% 7 7 2
0% 3 3 3 u

2) Number of P aerugimogsa antubodies 1n the 24 sera (range) 1-46 Titres of antibodues against CA (range) 2-7

b) << 25% absorption 1s considered imsignificant {3)

Table | and examples are givert 1 Fig 4 Inallcases
antigens from P pseudpalcaligenes could absorb all
precipitating antibodies agamst CA, whereas §
aurens antigens could pot absorb antibodies at all
However, using antigens {rom £ colt, P mirabihs
and H inft . the results ob d with sera
from diulferent pattents varied Some of the patients

duced solely or pred; Iy agamnst
the cross-reactive part of CA, while others produced
predomunantly anubodies agamnst the Fseudomo-
nas-specific part of CA (Table 1) The degree of
absorptron of antibodies by these three gram-
negative rods was generally simtlar tn the indtvidual
serz There was no correlation between the degree
of absorption of antibodies agawnst CA and the tire
of CA antibodies or the total number of precipitins
sn the sera

Develop of Precip Antibodies against CA
n Serum from Patients Suffering from other
Bacterial Infections

None of the four patients with infections caused
by gram-positive coccr developed CA antibodies,
whereas three (33%) of the sine patients with
infections caused by gram-negative bacteria develo-
ped CA antibodies {infections caused by N meningi-
tidis and E colt ttce 3. and by P stutzeri titre 5)

DISCUSSION

Common antigen of P aeruginosa has recently been
purified and characterized as a protein with ol wt
665,000-900,000 consisung of polypeptide subu-
mts of molwt 60,000 (11, 12) According 10
Kayser (9), 1t 1s suuated in the mner part of the celt
envelope Because of the occurrence of CA mawide

range of predominantly gram-negative bactertal
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species and the presence of precspitating aniubodie
agamst CA mn 54% of normal human sera (and alx
10 rabbrt sera), the immunological and pathophysio
Jogical rofes of this antigen during 1nfection are 0
interest

The present study shows that the 1utial antibod;
response 1n 62% of the patents does not mcluds
imereased litre of CA anubodies (Fig 1) Howoret
iater 1n the nfection the majorty of the pauett
develop CA antibodies, but even then 29% of th
patients with an antibody response agamst other £
geruginesa antigens do nat produce ncreased st
of CA anttbodies (Fig 2) 14 out of the 31 patent
who did not develop CA antibodies dunng e
imual antbody response (Fig 1) had Jow et
(normal) CA antbodies before the wnfection, ¢
this was also the case 1n 1§ of the 29 pauents V-hf
did not develop CA antibodies dunng the hxs!.m
measured anttbody response (Fig 2) In these laties
patients, 1t could have been expested that the P
aeruginosa mfection would have provoked a secon
dary "booster’ response of CA antibodies

The individual variation of the antibody 1es!
to CA 15 also reflected tn the absorption i sitb
results obtaned with anugens from E coh i
purabilis and H influenzae, (e some of the Pﬂ\m‘L<
produced predomsnantly antibodies  against
common cross reacuve part of CA, wheress 001!:
patents produced predommantly antibodies agans
the Pseudomonas-specific part of CA (Table 1, Fig
4) Since all straws of P aerughtoss ncloding
rough varants and regardless of growth Pm;t«
produce CA with no detectable differences mthe y
Ag/St-Ab reference system 1S probable that 1t clb
diffesences 1n the patients immune response which
are responsible for the varying 1ndividual comhd‘
tion between the antibody response against CA an
other P aerugmosa anugens and between the
antibody response agaunst the common  Cross:

ponst
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Fig 4 Absorption of anubodies n suu by means of crossed line iImmunoelectrophoresis

A Control plate showing 2 pl P aeruginosa anugens (St Ag) in the well Tun agatnst serum from a pavent suffering
from chromc P aeruginosa tung infectton n the second dimension reference gel (10 pl/cm?) 25 precipitaung
anubodies were demonstrable in the serum including antibodies agawnst CA (arrow) Salime 1 the intermediate gel

B Sameas A but with antigens from £ coi (20 pl/cm?) in the ntermediate gel Compared with 4 the area of the
CA precipitate (arrow) increased only slightly after absorption of cross reactive anubodies by £ cobs antigens The
area of a few other preciplates corresponding to other cross reacuve P geruginosa antigens (ref 3) have also
wereased

C Same as 4 but wuth serum from another pauent suffering from chronic P aeruginosa lung infection 1n the
second dimension reference gel (10 pl/cm) 17 precipuaung antibodies were detectable 1n this sefum  ncluding
antbodies against CA {(2rrow) of the same tiire as in A Saline 10 the mtermediate gel

D Same as C but with antigens from £ colt (20 pl/cm?} in the intermediate gel Compared with € the area of the
CA preciputate (arrows) imcreased greatly after absorption of cross reactive anubodies by £ colr antigens The area of
4 few other preipitates corresponding to other ¢ross reactive P aeruginosa antigens {ref 3) have also ncreased

Canctusion The first patient (A and B) produced predominandly anubodies agatnst the Pseudomonas specific partof
€A whereas the second patient (C and D) produced predomnandy antbodies against the cross reactive part of CA

reactive part of the Pseudomonas speaific pant of

CA The reason for the varying individual antibody
Fesponse 1s not known but genetic differences in the
Immune response and the tolerance

with sera from patients suffering flom nfections

caused by bacterial species other than Pseudomonas.
contaiing CA
A

phenomenon may be considered The same explana
tions may by offered as regards the results obtained

ding to the results of this work, the
measurement of CA anubodies alone 15 pot as
reliable a tool m the diagnosis of P aerugmnosa
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TABLE U Absorpnion of P aeruginosa CA Annibodies in 24 Huyman Seradlty Anugens of Five Orper Bactersal Speny

P pseudoaicaligenes

Origm of antrgens and number of sera

Percentage 100% 24
Absorptionof  100-75%
CAantibodies  75-50%
50~25%
0% 8

£ colr £ murabths H tofluenzae $ aure
7 8 [
z 2
5 4 3
7 7 12
3 3 3 b2

1) Nutber of P aerugirtosa antibodies 1n the 24 sera {range} 146 Titres of antibodues agatnst CA frange) 2-1

) < 25% absorption 1s considered nsigmificant (3)

Table 1 and examples are given in Fig 4 In all cases

gens from P psendoalcalipenes could absorb all
Preciptaung antibodies agamst CA, w bhereas 5
Aaureus antigens could not absorb antibodes at all
However, usthig antigens from £ col, P mirabiis
and K ity 2 the resufts ob: d with sera
from different patents varied Some of the patients
produged solely or pred y antibodtes agatnst
the crass-reactive gart of CA, while others produced
predommantly antubodies agamst the Pseudomo-
nas-specific part of CA (Table 1) The degree of
absorption of antibodies by (hese (hree gram-
negattve rods was generally stmilar 1n the individual
sera There was no correlation between the degree
of absorption of antibodies aganst CA and the titre
of CA antibodies or the total number of preciptins
in the sera

bod,

Develog of Pre A against C4
int Serum from Fatients Suffering from other
Bacteriol Infections

None of the four patients with infections caused
by gram-positive cocct developed CA antibodies
whereas three (33%) of the nine patients with
nfections caused by gram-negative bacteria develo-

species and the presence of precipitating antibod
agaast CA 1n 54 % of normaf human sera (and s
11 rabbit sera), the immunological and pathophysk
logteal roles of this antigen during infecuon are ¢
nterest

The present study shows that the tmiia) 2ntibod
response in 62% of the patients does not melud
tncreased titre of CA antibodses (Fig 1) However
later in the infectton the majonty of the pauent
develop CA antibodies but even then 29% of
patients with an antibody response agamst other £
aeruginosa antigens do not produce Increased st
of CA antibodies (Fig 2) 14 out of the 3} paist &
who did not develop CA amibodiss dunsg fh
imital antbody response {Fig 1) had low st
(normal) CA antibodies before the snfechion 3%
this was also the case 1n )8 of the 29 patents wba
did not develop CA anubodies during the hightst
measured antibody response (Fig 2} In these \,m;r
patients st could have been expested that the
aeruginosa wfection would have provoked a secon
dary “pooster response of CA anttbedtes

The indtvidual vaniation of the antibody responst
to CA 15 also reflected m the absorption i sifk

it
results obtamed with antigens from £ cof
and H infi te some of the paueats

ved CA anttbodies (infections caused by N mewmng:
udis and E colt titre 3, and by P stutzers titre 5)

DISCUSSION

Common antigen of P gerus inosa has recently been
purified and characterized 4s a protein with mol wt
665,000~900,000 consisung of polypeptide subu-
nits of molwt 60,000 (11, }12) According 1o
Kayser (9), it 1s sitvated 1n the nner part of the cell
envelope Because of the occurrence of CA 1na wide
range of predomsnantly gram-negatve bacteral

1¢n

produced predormmpantly anubodies against li::
common cross-reactive part of CA, whereas le“ly\
patients produced predotmmnantly antibodies agay
the Psetdomonas-specific part of CA (Table § £ig
4) Since all strains of P acruginosa wisdd
rough varants and regardless of growsb wa-ssf
produce CA with no detettadie differences w the .
Ag/St Ab reference system 1t 1s probable that ulh
differences 1 the patients 1mmune response wht!
ate responsible for the varying individual oorrclz
tton between the antibody response agatnst CA 20
other P aerugwosa antigens and between the
antibody response agamst the common Cross



Fig 4 Absorption of anubodies 1 si/u Dy means of crossed line smmunoelectrophoresis
A Control plate showing 2 pl P aerugimosa antigens {St Ag)in the well run against serum from a patent suffering
from chrome P aeruginosa lung infection 1n the second dimension reference gel (10 pl/em?) 25 preciprating
antibodies were demonstrable in the serum  including antibodies against CA (arrow) Saline 1n the intermediate gel
B Same as A but with antigens from £ col/ (20 pl/em?) 1n the intermediate gel Compared with A the area of the
CA precipiate (arrow) tncreased only slightly after absorpuon of cross reactive anubodies by £ cofr antigens The

area of 2 few other preciprates corresponding to other cross reactive P ceruginosa antigens (rel 3) have also
Increased

C Same s A but with serum from another panent suffering from chrome P geruginosa lung 1nfection 1n the
second dimension reference gel (10 l/cm) 17 precipitating anuibodies were detectable 1n this serem . including
Antibodies against CA (arrow) of the same utre a5 10 A Saline i the intermediate gel

D Sameas C but with anugens from £ coft (20 l/cm?) 1n the intermeduate gel Compared sith € the area of the
CA precipitate (arrows) increased greatly after absorption of cross reactive anubodies by £ coft anugens The area of
2 Tew other precipuates corresponding to other cross reacuve P aeruginosa antigens (ref 3) have also ncreased

Conclusian The first pauent{A and B) produced predominantly antbodies againss the Pseudomonas speaific part of
CA whereas the second patient (C and D) produced predominantly anubodses against the eross reactive part of CA

feacuve part of the Pseudomonas-specific part of  with sera from patients sufferin;
g ftom tnfects

CA The reason for the varying indrvidual antibody ~ caused by bactenal speces other than Pseudom;::i
response 1s not known but genetic differences 1n the contatrung CA
immune response and the tolerance A g to the resulis of th

s work,
phenomenon may be considered The same explana. measurement of CA anuibodies alone s rnm e
tions may by offered as regards the results obtamed by

reliable a 100l 1n the dagnosss of P aeruginosa
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TABLE | Absorption of P aeruginosa C4 Antbodies w

24 Human Seraalty Anngens of Frse Ol er Bagterio} Srecres

Origin of anugens and number of sera

P psewdoalcatigenes £ colt P mitabitis H tnfluen e § aureys
Percentage 100% 24 [

Absorptionof  100-75%
CAantibodies  75-50%
50-25%

Dy

7 8

2 2

5 4 3

7 7 12

3 3 3 A

2) Number of P aeruginosa antibodses s the 24 seralrange) 146 Titres of antibodies agunst ' frange) 2 7

b) < 25% absorption 15 considered insignificant (3)

Table I and examples are given 1n Fig 4 Inal cases
antigens from P pseudoalcaligenes could absorb all
brocipiating antibodies against CA  whereas §
aureus antigens could not absorb antibodies at all
However ustng antigens from £ colt P murabipis
and # influenzae the results obtaned with sera
Trom different patrents varied Soime of the patients
Produced solely or predominantly antibodyes against
the cross reactive part of CA while others produced
predominantly antibodies agatnst the Pseudonto
ras-specific part of CA (Table 1} The degree of
absorption of anubodies by these three gram
fnegative rods was generally similar in the individual
sera There was no correlation between the degree
of absorption of antibodies agamst CA and the ttre
of CA antibodies of the total number of precipitins
sn the sera

Devel of Preciy g Aatibodies against CA
ta Serum from Patients 81 wffering from other
Bacserial Infections

None of the four patients with infections caused
by gram posuttve cacct developed CA antibodies
whereas three (33%) of the nine patients with
nfections caused by gram negauve bacteria develo
ped CA antibodies (infections caused by N menngs
tdis and £ colt ttre 3 and by P stutzer titre S)

DISCUSSION

Common antigen of  geruymosa has recently been
punfied and characterized as a protein with mol wt
665 000~900 000 consisting of polypeptide subu
mts of molwt 60000 {1} }12) According to
Kayser (9) 1t 15 sutvated sn the mner pan of the cell
envelope Because of the occurrence of CAma Wldf
range of predomnantly gram negauve bactenal

s o

species and the presence of precipuating anubod es
agatnst CA 1n 54% of normal human sera f2nd s
i1t rabbut sera) the immunological and pathophysi-
logteal roles of this antigen during mfection are of
interest
The present study shows that the imtia) anibody
response m 62% of the patients does not inchudt
mereased titre of CA anutbodies (Fig 1) Hovnerer
later 1n the infection the majonty of the psusnts
develop CA antibodtes but even then 29% of &e
patients with an antibody response agamst oier £
acruginosa antgens do not produce increased bire
of CA antibodies {Fig 2) 14 out of the }} patasts
who did not develop CA antibodies dunng
2l anttbody response (Fig 1) had low e
(normal) CA antsbodies before the infection snd
this was also the case 1 18 of the 29 pavens who
did not devefop CA antibodies during the mghtst
measured antibody response (Fig 2 In these l:mle;
patients #t could have been evpected that m:n
aeruginosa nfection would have provoked a secw
dary ‘booster response of CA antibodses
The individual variation of the antibody response
to CA 15 also refiected in the absorptiont ¢t SI;'
resulls obtaned wih anugens fow £ cof .
nurabihs and H mfluen-ae s ¢ some of the N"‘[’;t
produced predominantly antbodies agamnst o
common cross reactine port of CA whereas 0 e
patients produced predomimantly antibodtes agz:_‘g
the Pseudontonas specific part of CA (Table § B
4) Since all stramns of F aerugmosa wmehs f
rough vartamts and regardiess ol growih iﬁ?
produce CA with no detectable differences i ¢ c( ’
AB/St Ab reference system 1t ts probabfe that o iy
differences o the pauents ymmune response “hlf
are rasponsible for the varying mdividual oomi\d
tioh between the antibody response aganst CA an
other P acruginosa antigens and dbewween the
anttbody response agamst the common Cross
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AN INDIRECT HAEMAGGLUTINATION TEST FOR
DEMONSTRATION OF GONOCOCCAL
ANTIBODIES USING GONOCOCCAL PILI AS ANTIGEN

Il Serological Imesngation of Panents Autending a Dermato-rvenereological Qui-
patients Clime n Copenhagen

K. REIMANN 1 LIND and h E ANDERSEN

WHO Coliaboranng Cemre for Reference and Research on Gonocoocs Neisseria Department Statens
Seruminsutut, sad Department of Dermatofogy The Mumicipal Hospral Copenbagen Denmark

Remann K Lind [ & Aadersen K E An indurect test for of
gomoeoceal annbodies using gonococeal piit as antigen 31 Serctogical investigation of pauents suending

llsdermlwwnemlogml out patients chuc 10 Copenhagen  Acta path mucrobiol scand Sect C 88
5162 1980

A total of 1223 serum specimens were obtamed from 649 consecutive pauents attending a dermato

Venereological owl pavent chme 1 Copenhagen wath 2 7equest for venereal disease contsol The sers
were etannned for gonococeal antibodies by both a gonococcal complement fixation test {GCF) and an
indirect haemaggluunation test using gomococezl pib as anugen (IHA) The diagnosss of current
gonococcal infection 1n 28 per cent of the patents was based on posiuve culture for Nesseria
Bonorrhoeae from one or more of the following sites urethra. rectum and fauces in all panents and/or
cervix m female patients The speaficity seasiuvity and predicuve values of positive and negauve test
fesults were caloulated for the various groups of patents on the assumption that all posiuve results
borh 1 pavents without gonorrhoea but with a previous gonococtal mfection and 1n patients withowut
Known current or previous infection, were false positines The following values were found Sensinipy

THA 45-100% GCF 6-29% Specfiany WHA §5-89% GCF 97-100% Predicine value of postve
test result THA 43-74% GCF 69-100% Predictive value of negame fest result IHA 78~100%

GCF 61-35%

Key words Gonococcal antibodies indirect haernaggluunation gonococcal pils

Kann Reimann  Newseria Department  Statens Serumunstitus

Copenhagen § Dentnark

Recaved 1179 Accepted 3150
Durng the peniod 1928-1973 a

Amager Boulevard 80 DK 2300

bemng found for femate pauents with complicated

omplement fixation test (GCF) bas been performed
& toutne test for the detection of gonococcal
nubodies 1n our taboratory (17) About 1930 the
sensitivity of GCF was found to be 44-56 per cent
nd 69-100 per cent when sera from male and
female patients with uncomplicated or complicated
2onorthoea were examined In a recent study of
sunilar groups of patients the senstuvity was only
2-5 and 21-30 per cent, the highest percentage

wfection (pha R
Thus ¢

a level
On
stng re
anwdy., , s
pih as antigen (14

1 on test using

6), the present study was
initiated Patred setum specimens from a »high nisk
870UP« of ndividuals were examsned both by the
GCF and the mduwect beemaggluunanon (IHA)
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infection as the detection of the total number of
precipitating antibodies against P aeruginosa as
currently used in our laboratory (7) This 1s because
29% of the P aeruginosa infections will not be
diagnosed by measuring CA antibodies (false
negative results) and possibly 33% of mnfections
caused by other bacteria contaming CA may be
detected (false positive results) The results indscate
that by using CA from P aeruginosa 1t would not
be possible to detect serologically the majority of
nfections caused by bacteria contamning this anti
gen However, as 1t 1s easy to punify CA (11) nt
would seem of interest to investigate whether a poo!
of corresponding CA from common pathogenic
bacterial species would improve the possibility of
diagnostng 1nfections caused by these species by
measuring the antibody response to both the
common cross reactive part and the species or
genus speaific patt of CA

Thss 1nvestigation was supported by grantsto DS from
the Danish Munustry of Educatonand toJ B H from the
Danish Medical Research Council Mrs Annt Bethien 1s
thanked for skitful technical assistance
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tive
ABLE | Disribution According to Age Sex Current and Previous Garococcal )lln[t;hon :f:)/ o”{ :’::,S:;uﬂm e
suenis Atiending @ Dermato vemereological Out pallrz_l Ch’:‘m 1n Copenhagen with & Requs
s

“on;
Females Males
[ ——
e ———
Age tyears) Age lyears)
[ —
Patents No - . No
Mean Range Mean Range
& 1671
167 267 14-57 298 29
\‘r\ll‘l':‘c:::\::gr: = 86 251 15-57 98 285 16-53
Torl 253 261 1457 396 293 16-71

TABLE 2 Distribunion According to Reasons for Attending a Dermato-venereological Oui-panent Chric in Copenhagen
with a Request for Venereal Disease Control (649 Consecutnve Pauients)

FEMALES MALES
number number number number
of with of with
pauents. current gc patients current gc
$ 1 fecuon 35 L] 138 Hi
ﬁmﬁﬁf er el et e [ 3% 8 i
Concern about being disease carrier 54 6 48 8
Drber reasons 19 36 146 22
Total %3 86 396 93

® 63% of named femate contacts
¥ 2% of ramed male contacts

The diagnosss of current gc was made m 86/253
{4%) of femate pavems and 98/396 (25%) of
male patients Two or more sets of specimens were
Otained from 75% of sthe patients Ten patents
%ven males and three females had pharyngeal
£3norrhoea From 81 /86 (94%) of the female and
94798 (96 % ) of the male pauents gonococer were
wolated from the first set of speamens The
femaining mne patients were culture positve at the
secnnd examination the four males and two of the
females beng positive only from fauces and/or
ectum The percentage of male patients with
Symptoms from the lower genutal tract (35 %) was,
A8 experted, tugher than the percentage of female
Pauents with such symptoms (14% )} Seventeen out
of 64 (27% ) named mate conacts and 3% out of 60
126)3 %) named female contacts had current ge {Table

Previous gonococeal wfection was registered 1n
737253 (9%) of the female and m 177/396

(45%) of the male patients No correlation could be
tegistered betw een the anubody level measured {the
titre} and the time elapsed since e last known g¢
Therefore, the only distincuon made 1s plus or

uwens and consequently these results are not
considered separately

Serological Tests

In the tables and figures only results obtained for
oOne serum Spectmen per patient are registered If
WO Of more serum specimens were obtained, as
was the case for 75 per cent of the patents, the
highest value JMONg PoIuve test results was used
For mune patients with current gc, the sera obtained
©on the {irst oceasion shawed 2 negative reaction in
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tests The results were evaluated for the various
groups of patients by calculation of specificity,
sensiwvity and predicuve values of posiive and
negatve test results (19)

MATERIALS AND METHODS

Indirors b mnal U .
. . H . .
and S5 35209/1975 type 2 colontes A muxture of these
two pih was used through this study
The performance of the test was as described previously
(16}, with 3 few modifications a) Prior (o use. the
antgen was sonicated for 30 seconds at 0°C using a
MSE ultrasonse  disintegrator (8 mucron), b) The
agglutination pattern was read after three hours The utre
of a given serum specimen was recorded as the reciprocal
value of the lowest serum concentraton giving +
reaction Titres & 40 were considered positive
Gonococcal complement fixation test (GCF) The
antigen was prepared and the test performed as described

1976 — February 1977, all patients attending a derma-
venereological out-patents clinic in Copenhagen for o
or more of the followsng reasons were included m i
study a) symptoms of lower genntal tract mnfection
named contacts to patents with gonorrhoea ¢ concert
about bemng disease carrier, d) symptoms of othe
sexually transmutted diseases with or without request fo
venereal disease control About 75 per cent of th
patients returned for control exammaton(s) On each
occasion blood samples were drawn and specimens were
collected for bacteriological examunation The diagnoss
of current gonococcal infection was based on posint
culture for Neisseria gonorrhoeae ftom one or more of
the following sites urethra, rectum and fauces 11 al
pattents and/ar cervix n female patients Specumens for
bacteriological examination were taken on charcoshm
pregnated swabs and transported 1 a modified Stwars
mediurn (17) The transportatton ume never evcesded b
hours Each specimen was inoculated onto both selectit
and non-selective medium, and gonococcal like oudast
Pposibive colomes were sdentifiad as gonococa by 2 dret
smmunofluorescence test (13) Furthermore suspesed
colontes from pharyngeal specimens were subjected
bacterological identification (Gram stamed smear ar
! tests)

by Reyn (17) The highest serum tested was
112 The ntre was read as the reciprocal vatue of the
lowest serum concentration giving 60 per cent haemoly-
Sis

Groups of patients studied During the persod March

Non-diseased persons negative to the le_ctx

Stanstics Calculatons of specificity, sensitvity 118
predictive values of positive and negattve 1est PV
were performed as described by Veechw (19) Thee
terms are defined as follows

100

SPECIFICITY =

SENSITIVITY =

All non-diseased persons tested

Diseased persons with positive lestx 100
All diseased persons tested

Number of diseased persons with posiuve les(x 100

PREDICTIVE VALUE OF POSITIVE TEST =

Total number of persons with positive test

Number of non diseased persons with negative IGSIX 100

PREDICTIVE VALUE OF NEGATIVE TEST =

RESULTS

Study Populanon

Aie aﬁd sex of the patients i relation {0 m?
prevalence of cufremt and previous gonocowez
infection (ge) are shown p Table 1, and Table
shows the distribution 1ato groups accordmg to the

e

Total number of persons with negative test

reasons for attending the clim¢ Three female ;ﬂd
32 male patients were repeaters, ie they artent
the cliuc on at least two separate occasions durm§
the study period Only results obtamed a(hf:;
episode are included m the matenal, le U o
obtamed at the first visit or at the visit o #
gonorrhoea was demonstrated



e
meuore | Disynbunon According 1o Age Sex Current and Previous Gonocuceal Infection (c) a'I g::t ,Le‘:;ul;:;;;:
Attending @ Dermato venereclogical Out patient Chimic in Copenhagen wath a Request fo

Control
Females Males
—
— e ————
Age (years) Age (years)
No
Pauents No

Mean Range Mean Range
296 16-74

167 267 14-57 298
:I'“‘Y:;?; * 86 251 15-57 93 85 16-53
13 %1 14-57 396 293 167

E 2 Distribunion According to Reasons for Autending a Dermato-y. enereological Out patient Clinec in Copenhagen
with @ Request for Venereal Disease Control (649 Consecutive Patients)

FEMALES MALES
number number number number
of with of with
patents cufrent g¢ panents. current g¢
33 51

Moms of low er genural tract mfection 35 8 1

=dcontact N 60 38 84 "™

m about being disease carner 54 6 48 8

T reasans 104 34 146 22

4 253 36 39 98

3% of named female contacts

7% of named male contacts

The diagnosss of current gc was made 1n 86/253
1%) of female pauents apd 98/396 {25%) of
{¢ patients Two ar more sets of specimens were
ned from 75% of the patients Ten patents
0 males and three females had pharyngeal
aorrhoea From 81/86 (94 %) of the female and
H98 (96%) of the male patients gonococer were
et from the first set of specimens The
Manng mne patients were culture positve at the
cond examimation, the four males and two of the
males bemng posiive only from fauces and/or
Tum The percentage of male patents with
Pmptoms from the lower gemtal tract (35%) was,
S wipected fugher than the percentage of female
auents with such symptoms (14%) Seventzen out
54127 %) named male contacts and 38 out of 60
5)1%) named female contacts had current ge (Table

Previous gonococeal mfection was registered 1
13/253 Q9% of the female and m §77/396

(45 %Y of the male pauents No correlation could be
Tegistered between the antibody level measured {the
titre) and the time elapsed since the Last known g
Therefore, thie only distinction made 15 plus or
MINUS previous gc

enteen per cent of patients attending the chimc
‘were foregners The results obtained for this group
did not differ from those obtamed for Dapssh
crtzens and copsequently these results are mot
considered separately

Serologrcat Tests

1n the tables and figures, only results obtarned for
Oné serum specimen per patient. gre registered If
WO of more serum specumens were obtaized, as
Was the case for 75 per cent of the panents,
fughest value among positive tast mx‘: was usl:;
For mune patients with curreny £c, the sera obtaned
on the first occaston showed a Tegatve reaction 1n
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fig { Results obtamed by the indirect haemagglutina
ton test for demonstration of gonococcal antibodies
using gonococeal pult as antigen by examination of sera
from 253 female patients attending a dermato venereolo
gical out pauents clinic with a request for venereal
disease control

IHA whereas a postive test result was obtamed on
the second occasion (1~7 weeks later)

Indirect haemagglutination test (I1HA) Figure |
shows the results obtained by examination of sera
from 253 female patients Sera from all 14 patents
with both current and previous gc gave posttive
results and of patients with current gc but without
previous gc 46/72 (64%) were found to be
posittve Out of the 26 patients with current gc and
negative serological test result 13 attended the clinic
only once In the two groups of patients without
current gonococcal infection a total of 33 positive
test results were demonstrated Seventeen gave
information about previous gc and eight of the
remaimng 16 were named contacts to pattents with
current g¢ The corresponding figures for 396 male
patients are shown 1n Figure 2 About 50% of male
patients with current ge did not return for controt

TABLE 3 Comparison of Results Obta ned by 1HA (Indirect

HOCOCCL
and GCF (Gonococcal Complement Freat on Test) 184 Serum Specimens from 184 Patents with Current Go!

el o -
- gz -
i
% )
cyrrenr =
e arecrow -+ + -
#rev oys _
sc wreerow - +

Tigure 2 Results obtatned by the indurect haemagglut na
tion test for demonstration of gonococcal antubod s
using gonococcal pil as antigen by examenat on of et
from 396 male patients attending a dermato venereolog

cal out pattents chintc with a request for venereal diesse
contro!

exammation In the group of patients Wathot
current or previous gc sera from 8§ patients gne
positive results seven of these were named contacts
It should be noted that sera from nine of the tet
patients with pharyngeal gonorrhoea gave a positivé
reaction in the IHA

Gonococeal complement fixation fest (GCF) Teb
les 3 and 4 show the number of positne resuh?
obtained by IHA and GCF for the various gmupSDF
pattents All 26 sera which showed a positne 60
were posiive by IHA No correlation wuldz
registered between the level of antibodies detect!
by the two methods The percentage of .
postive test results 1n the various groups of paues!
with current gc was low (6-29%) Only (wo seid
out of ten from patients with pharyngeal gonof
rhoea gave a positive result by the GCF test "

Comparison of IHA and GCF Table 3 shows

d Test Using 1 Pit as Ant gen!

ol

Infection (ge) i

Number of positive

Number of patients reactions 1n
. e * THA GCF
4
14 14
F M 72 46 4
9
47 s
M : 51 23 4
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TABLE 4 Comparison of Results Obtaned by IHA (Indirect

Test Using ! Pis as Antigen)

nd GCF (Gonococeat Complement Fixation Test) 465 Serum Specimens from 465 Panents without Current Gonococeal
i Infection (gc)

Mumber of positive
f patents reactions 1n
Sex Previous g¢ Number of p HA GCF
59 17 1
F z 108 16 0
+ 130 46 4
M - 168 18 0

seastvity and the predictive values of posttive test
Tesults for this matenal of »high nisk« individuals
The figures were calculated on the that

of gonococcal pilt and their antigenic relationship
have been reviewed by Buckanan (3) A high degree

all posstive test results obtained both for patients
without current ge but with previous gc for
patents without known current or previous gc
were false posiuves The sensitivity of IHA was 45—
100% and for GCF only 6-29% The predictive
value of a positive IHA was 4374 % and that of a
posve GCF 69-100% Table 6 gives the figures
obtaned by of speaficity and
values of negative test for the same groups of

patents the predictive value of a negative IHA
bemng 78-100%

DISCUSSION

The potentiat apphication of any serological test
diagnosis casefinding or screening 1S a primary
consideration 10 ps selection (5 7 9 20)In the
present context use for diagnosis means the
establishment of the presence of suspected gonor
thoea 10 a patient wath or

of was when the
antigenic structure of pilt from different gonococcal
stramns was 1nvestigated ustng rabbit antibodies to
punfied pih Buchanan reported that shared ant
gens accounted for 2 5% or less (3) Despite this
fact pit antigen from a single stram detected
antibodies 1o gonococcal pth i 89% and 86% of
asymptomatic female patients with gonorrhoea (4
15) In the present study piti antigen from two
randomly selected strains was used and antibodies
were demonstrated 1n similar high properuons of
patients with gonorrhoea Close correlation was
found between results obtamed by the radioimmunc
assay using pili antigen from one stramn wsolated
U'S A (4) and the indirect haemagglutimation {IHA)

alugen 2nd the complement fixaton test using

fécent exposure to gonorrhoea Case detection is the
tesung of patients who have sought health care for
Some other purpose e g at antenatal or contracep
Uve chnics Screening tnvolves the testing of
volunteers from the general population In an
analysis of characteristics required for zn adequate
screening test for gonorrhoea Galen & Gambino (7)
state that the mummum requirements inclode a
stasiuvity greater than 30% a specificity greater
than 99% and the ability to differentiate recent

from old infection Serological tests using whole
llsorcndase .~ £1 -

[m vrder to improve the spectficity and sensiuvity
ol

serologscal tests for gonorrhoea current research
W Wis field has concentrated on use of punfied
anugens primanly gonococcal Pl The properties

whole cells as anugen (GCF) was made

in the present study The senstivity of the IHA
PRS-

wdlails winout previous gc and 29% n females
with previous ge (Table §) The speaficity of the
IHA varied between 65% 10 males with previous go
and 89% in males without previous g¢ The
specificity of the GCF was approximately 100% for
all four groups of patients (Table 6) The predictive

values of posiuve and negative test results 19
calculated nn who (19 were

. v « v uulll 4 postive
serological test result Was unrefated to €xposure to
gonorrhoea was low since § oy pf 16 female and 7
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Tig | Results obtained by the indirect haemagglutina
tion test for d of d
using gonococcal pilt as antigen by exammation of sera
from 253 female patients attending a dermato venercolo
gical out pattents clinic with a request for venereal
disease control

THA whereas a positive test result was obtained on
the second occasion (1-7 weeks later)

Indirect haemagglutination test (IHA) Figure |
shows the results obtained by examination of sera
from 253 female patients Sera from all 14 patients
with both current and previous gc gave positive
results and of patients wath current gc but without
previous gc 46/72 (64%) were found to be
positive Qut of the 26 patients with current gc and
negative serological test result 13 attended the cinic
only once In the two groups of patients without
current gonococcal nfection a total of 33 positive
test results were demonstrated Seventeen gave
nformation about previous gc and eight of the
remaining 16 were named contacts to patients with
current g¢ The corresponding figures for 396 male
patients are shown in Figure 2 About 50% of male
patients with current gc did not return for control

TABLE 3 Comparison of Results Obtained by IHA (Indirect
and GCF (Gonococcal Complement Fixation Test) 184 Serw

Tigure 2 Results obtatned by the indtrect haemagglutn
tion test for demonstration of gonococcal anubodes
using gonococeal pili as antigen by exammnation of sers
from 396 male patients attending a dermato enereolog
cal out patients climic with a request for venereal diseast
control

examnation In the group of patents without
current or previous gc sera from 18 patients gai¢
posttive results seven of these were named contacs
It should be noted that sera from nne of the &1
patients with pharyngeal gonorrhoea gavea positve
reaction 11 the IHA

Gonococcal complement fixation test (GCF) T2
les 3 and 4 show the number of posite resulis
obtained by THA and GCF for the various grovps of
patients All 26 sera which showed a positne
were positive by IHA No correlation could o
registered between the level of anttbodies detect
by the two methods The percentage of
positive test results i the vartous groups of pavents
with current gc was low (6-29%) Only two ser
out of ten from patients with pharyngeal g7
rhoea gave a posttive result by the GCF test "

Comparison of IHA and GCF Table 5 shows

1 Py as Ant 8600

m Specimens from 184 Panents with Current

Test Using o '

Infection (gc)

Number of positive
reactions 1n

ts
Sex Pre u x¢ Number of patien A GCF
4
14 14
F M 7 a6 4
47 35 9
M + 23 4

51




Gonocaccal Pili as Antigen)
Obtained by TAA ndirect Haemapghunnanon Test Using
%‘;‘mﬁm}’ ;’:r{r:l::f:l thno« r{m) 485 Serum Specimens from 455 Panents wyihou! Current Gonococeol

s

Infection (gc)
Number of posive
Number of patients Teathions 10
Sex Previous g¢ A
+ 59 17 §
i - 0 16 0
. (30 45 4
N - 168 18 ]

eosirvty and the gredictive values of ositive test
esults for this matersa) of shigh s1ske mirviduals
The figures were calculated on the that

of gonococcal pilt and their antigeme felationship
have been seviewed by Buchanan (3) A hugh degree
of h was ed whea the

al posiuve test results obtained both for patients
without current ge bur With previous p¢ for
patients Without known cutient OF previoys £¢
werefalse posves The sensitnty of IHA was 45~
100% ard for OCF oty 6-19% The pradwive
value of 3 posinye THA was 43-74% and thatofa
wsive GCF 69-100% Table 6 gives the figures
obtarned by calculation of spectficity aad predictive
values of negatve test fof the same groups of
patients the predictyve value of 2 negabve JH4
bemng 78-100%

DISCUSSION

The patenual application of any Serological test
diagnosis casefinding or ScTeeming 1s  primary
wnsideration m s selection {5 7 9 20)in the
present context use for diagnosis means the
wstablshment of the presence of Suspecied gonor
rhoea 1n a patient with bl P or

anugenie struciure of pilt from different gonocoocal
Strams was 1nyestigated using rabbit antibodies to
punfied pihv Buchanan Teported 1hat Shared ant

gens actaunted (or 2 5% or less (3) Despue this
facy ply antgen (rom 3 single steawn detected
anyhodies 10 gonococeal pilt 1n 89% and 86% of
asymptamatic female patients with gonorrhoea (4

185} la the present study pifi anugen from two
randomly selected strains was used and antbodies
were deponsieated n sitmilar Rugh proportons of
patents with gonorrhoea Close correlatton was
found beyween results obtamed by the radioummune
assay using Piby antigen from one strasn isolated 1n
U § A (4) and the indirect haemagglutinauan (THA)
test using pili antigen from two Danish stramns (16)
in 3 comparauve study on sera from patents with
complicated gonococeal mfections {14) A compars

son of results obtaiged by the IHA test using pilt
anpgen and the complement fixation test ustng

TR exposuTS o gonorrhioea Case detettion S ihe
wstng of patients who have sought health care for
some other puirpose £g 3t antenatal ot Coniracep-
We cines  Screemung nvolves the lesung of
volunteers from the general population In ap
Walyss of charactersucs required for an adequate
sereening test for gonorrhoea Galen & Gampino (7)
SAte that (he munstmn Tegaiemems clude o
senswvity greater than 80% a specificity greatey
than 59% and the abiiny to duferentiate Tetent
from ofd infection Serotogicat tests using whote
Selis o7 zrude extracts of N gonofrhioeas as antigens
% not fulf any of these conditions 2s diCussed
recendly by a W HO Seentific Group (20}
-

tRarder tn meen = vo A
. . v - -

L ustlis pumanly gonocoocal pilt The properyes

whole g I cells as anugen (GCF) was made
n the presem stody The sensiuvity of the THA
varted from 45% 1n males without previous gc to
100% 1n females with previovs ge Ta contrast the
senstuvity of the GCF varied between 6% in
females @ ithout Previous ge 2nd 29% in females
with previous gc (Table §) The speaficity of the
THA varied betm cen 65 % un males ith previous ge
and 89% n majes wihout previous g¢ The
specificity of the GCF was approumately 100% for
all four groups of patsents (Table 6) The predictve

values of posit;ve and negative test results
T poure an E8aUVE test resy : (I9) wmere

v . w vl 4 postive
serological test result was unrelated to exposure ¢g
EoN0trhoed was fow sirce B out of 16 femaleand 7
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Fig J Results obtamed by the indrect haemagglutina
ton test for d of tibod

Using gonococcal prly as antigen by examination of sera
from 253 female payents atltending a dermato venereolo
Bical out patienes chinie wath a request for venereal
disease control

THA whereas a posttive test result was obtained on
the second occasion (17 weeks later)

fndirect faemaggtunnaton test (IHA) Figure 1
shows the results obtained by examsnation of sera
from 253 femafe patients Sera from al 14 patents
with both current and Previous gc gave positive
results and of patients with current g¢ but without
previous gc 46/72 (64%) were found to be
positive Qut of the 26 patients with current £¢ and
negative serological test result (3 attended the clinsc
only once In the two groups of pattents without
current gonococcal mfectton a total of 33 positive
fest results were demonstrated Seventeen gave
information about previous gc and eight of the
remaining [6 were named contacts to patients with
current ge The carresponding figures for 396 male
patients are shown n Figure 2 About 50% of male
patients with current gc did not return for control

- . oo
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Figure 2 Results obtarmed by the sndrrect haemageluuna

tion gest for demonstration of gonococeal antibods
using gonococeal pili as antygen by exammation of sera
from 396 male patients attending a dermato vencreolog

cal out patients clime with a request for venereal d seae
control

exammation In the group of pauents without
current or previous gc sera from 18 patients gae
positive results seven of these were named contacts
It should be noted that sera from mine of the 1en
patients with pharyngeal gonorrhoea gave a pos e
reaction n the IHA

Gonococcal complement fixation lest (GCF) Teb
les 3 and 4 show the number of positne ressls
obtaned by IHA and GCF for the various grous of
patients All 26 sera which showed a positive GC;
were positive by ITHA No correlation co\:med
registered between the level of anubodies dﬂce% .
by the two methods The peroentage of .
positive test results n the various groups of pave!
with current gc Was fow (6-29%) Only tho &R
out of ten from patients with pharynges g0
rhoea gave a posilive result by the GCF st 5

Comparison of 1HA and GCF Tabje S shows

Anrger?
TABLE 3 Comparison of Results Obtained by 1A (Indirect Haemagglunnation Test Using Gano:acrt::l g:l gsnmm(
and GCF (Gonococcal Complement Fixation Test) 184 Serum Specimens fron: 184 Panents with Curr

Infection (gc)
Number of positive
f ts reactions 1n
Sex Previ us go Number of patien ma ocr
4
14 14
' : 72 46 4
9
47 35
; . sl 23 4




TABLE 4 Companson of Results Obtatned by IHA (Indirect

Test Using 1 Pilt as Antigen)

11 GCF {Gonocogeal Complement Fixation Test) 485 Serum Spetimens from 465 Patients without Current Gonococeal
! Jnfection (ze)

Number of positive

ts Teacuons in
Sex Previous g% Numbet of patent A ocF
e
59 17 3
f t 103 16 o
130 46 4
K : 168 it ]

sensiynty and the predictive values of positive test
Tesuls for this materiat of »high nske Mdwidvals
The figures were calculated on the that

of gonccoceal pih and their antigenic selationship
thave been reviewed by Buchanaa (3) A hugh degree

3l postuwve test Tesulis obtaimed both for patents
sithout current gc but with previous ge foc
pauents withoyt known current or previous g¢
were false posiuves The sensitvity of IHA was 45—
00% and for GCF only 6-29% The predictive
value of 3 posive IHA was 43-74% znd that of a
posiuve GCF 69-100%  Table & gives the figures
obaiged by caiculation of specificity and predictive
values of negauve test for the same groups of

Rlents the predicuve Value of 2 negauve (HA
being 78-100%

DISCUSSION

The potential application of any serological test
dugnosss casefinding of screeming 15 2@ primary
Sonsideration 1n 1ts selection {5 7 9 20010 the
Present context use for diagaosis Means the
eabhishment of the presence of suspected gonor
thoea wn 2 pavens wih or

of was d when the
antigensc structure of piki fram different gonococeal
strains was investsgated using rabbrt antibodies to
punfied piti Buchanan reported that shared ant-
gens accounted for 2 5% or Jess {3) Desprie s
fact ptt antgen from a single strain detected
angibodies to gonococcal pilt 10 89% and 86% of
asympomatic female patents Wath gonorshosa (4
15) In the present study pilt antigen from two
randomly selected strains was used and antbodies
were demonstrated 1n simitar high proporuans of
pateats with gonarrthoea Clase correlation was

found between resnits obtuned by the radiormmunc
assay péing Ml onhgen foams <o

sun UL fesults obtaned by the THA test using pilt
antigen and the complement fixation test using

2
Tecant exposure (o gonorrhoea Case detection is the
testng of patients who have sought health care for
Some other purpase eg at antenatal of contracep
WA ues S andtves B v U
olunteers from wne genera) population  1n an
4#nalysis of characteristics required for 2n adequate
creeming test for gonorrhoea Galen & Gambino (1)
State that the mummum requizements snclude a
Sensiuvity greater than 80% 3 speaificny greater
than, §9% and the ability to differentiate recent
from ofd infection Serological tests using whole
Sts or crude extracts of N gonorrhoege as antigens
90 not ulfil any of these condemons s discussed
recently by a W HO Saennfic Group (20)

{n order 1o improve the speailicity and sepsitivity
of serological tests for gororrhoes current research
' tus feld bas concentrated on vse of purified
tgens primanly gonococeal pikt The properties

whote cells as anugen {GCF) was made
m the present study The senstuvity of the THA
varied from 45% 1n males without previous gc 1o
100% tn females with previous ge In contrasy, the
serstuviy of the OTF vaned between 6% in
Temales without previous ge and 29% tn females

- -

*

AT
vaiLes Ol positive and Negatve test results {19} were
caleulated on the assumption that a positive test
Tesuit obtamned for patients without current 8¢ wnere
false posiave although previous gc had poturred sn
29% female and 45% male patients (Tables 5 and
6) The number of patenss in whom 2 posiuve
serological test result was unrelated to exposure to
gonorThoea was Jow Since 8 out of 16 female and 7

1<a



TABLE 5 Serological Screening of 253 Female and 396 Male Patients with or without Previous Gonococcal Infection

(&)
IHA GCF

Predictive value Preducueve value
Sex Previous Sensivity of posuve test Seasiuvity of postuve test

8¢ % % % %

F + 100 45 29 80

- 64 74 6 100

M + 74 43 19 69

- 45 56 ] 100

IHA  indirect haemagglutination test

GCF  gonococeal complement fixation test

out of 18 male patients without current or previous
gc were named contacts to patients with gonor-
rhoea

Using the quantitative radiosmmuno assay for
determination of antibody to gonococcal pili (4} 1
sera from a low risk population of female patients,
Holmes et al (9) found a sensiivity of 65% and a
predictive value of positive test result of 14% They
conclude that the major current hnutations for
gonorrhoea case detection by examnation of a
single serum specimen appear 10 be the persistent

Gonorrhoea has a short mcubation period
resulung 1n a time nterval between onset of diseast
and the presence of circulating antibodies which
the sensitivaty of a serological test Inthe
present study this 15 probahly the ‘explanation for
some of the negative serological results for patients
with current gonococcal wnfection (Fig 1 2nd D
since 50% of these patients did not Tewm for
control exammation This means that they »ere
tested only once and often within one week afler

sure to gonorrhoea
mi\o ! . 1 test for gonorrhoea with the ablity

antibodies from past infection and dies cross-
reacting with N memngitidis The positive test
results occurred with increased frequency m me-

to differentiate between current and previoss

gonococeal infection does not seem 10 be attamable
A 10 g ccal pilt persist for years 8

ningococeal carriers However, to the knowledge of
the authors, shared antigenicity of gonococcal and
menngococcal pili has not yet been demonstrated

TABLE 6 Serological Screenng of 253 Fen

wale and 396 Male Patients with or withou Prerious Gonocot

demonstrated 1n the present study and by others (3’)
‘Thus, in this respect no profit was derwved from ¢

cal Infectof

(gc)

HA

I
Predictive value
of negatve test

o
85

Specificity
Sex Pre;';ous P
-

F 7

M 65

GCF

Predictive value

Speaifictty of negauve test
% %

100 98
7 100 6l

+
97 77

28

84 8

100

;

IHA  indirect haemagglutination test
GCF  gonococcal complement fixation st



use of punfied pitt 2 antigen nstead of less well
defined agents (6 20) Neither was 1t possible to
disunguish between recent and past infection by
determunation of the 1mmunoglobutm class of the
antibodies present (10 16) because the immune
response was found o be domumated by 12G
antbodies

In 1976 Johnston et af (11) described a
serologeeal cf on N h strams

-~

s

Buchanan T M Surface antigens pilt Tn Roberrs
R B (E4) The Gonococcus John Wiley and Sons
1td New York 1977 p 255272

Buchanan T M Swanson J Holmes K K
Kraus S J & Gotschhch E € Quanulauve
determination of anubody to gonococcal pili
Changes 1n anubody Jevels with gonococeal wfec
uon J chin Invest. 52 28962909 1973

Dans P E Rothenberg R & Holmes K K
G

tased on the ssolation of an outer membrane
complex (OMC) Strains with 1dentical patterns by
polyacry also d

1dentity by n agar
gl against rabbit antisera to 1solated outer membra
nes ot solated serotype antigens Johnstonetal (11)
demonstrated 16 OMC serotypes which they
considered to be topics for future immunologrcal
studies Sensttive assays using OMC as antigen have
been developed (1 12} and cross reactivity with the
OMC from N menmgindis growp A has ‘oeen
demonstrated (18} Studies on the mmune response
m buman bemgs using QMC from a single non
serotyped stramn as antigen have been published by
Ghynn & Ison (8) and Json & Glynn (10) In thewr
material the comparatively high number of presu
med false posinve results may be due to underdiag
nosis of current g¢ since bactertological examina
tion was used only to a hmited extent

Tn conclusion tests ustng,

ES
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1 serology How soon how useful and
how much?  mfect Dis 3§ 330-334 1977
Fletcher S Miller R & Mol C 5 Study of 2
passive haemaggluunauon test for gonorrhoea Brit
J vener Dis 49 508510 1973
Galen R S & Gambimo S R Screening for
gonorthea How the model defines essenual critena
for an efficent screeming test In Beyond normahty
The predicuve value and efficiency of medical
diagnosts Publ John Wiley & Sons. Mew York
1975
Ghnn A A & Ison C Serological diagnosis of
an

by
assay (Efisa) Brit } vener Dis 54 97-102 1978
Hotmes K K Buchanan T M Adam J L &

rre o~

fson € A & Gbhn 4 A Classes of antibodies 1n
acute gonorthoea Lancet: 1165-1163 1979
Joknston K H Holmes K K & Gotschhich E C

Pit antigen seem to be superior with regard to
spectficity Due to the short meubation penod of
onorrhoea and the persistance of antibodies for
¥ears a serological test cannot be used as the only
basis for diagnosis of acute cases or for screening
purposes Major potental fields for application of
theJHA are the diagnosss of complicated gonococcal

ections case finding 1n population groups with a
I:‘:valenae of gonorthoea of more than 2 per cent

studies 1 d ping
untries (5 9 20)
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TABLE § Serological Screeming of 253 Female and 396 Male Patients with or without Previous Gonococcal Infecton

2]
HA GCF
Predictive value Predictive value
Sex Previous Sensttvity of positive test Sensuvity of positive test
g % « ['4 5
F + 100 45 29 80
- 64 74 6 100
M + 74 43 19 69
- 45 56 8 100

THA ndirect haemagglutination test
GCF  gonococcal complement fixation test

out of 18 male patients without current of previous
gc were named contacts to patients with gonor-
rhoea

Using the quantitative radtoimmuno assay for
determination of antibody to gonococcal pili (4) 1n
sera from a low risk population of female patents,
Holmes et al (9) found a sensiuvity of 65% and a
predictive value of positive test result of 14% They
conclude that the major current hmmations for
gonorrhoea case detection by examupation of a
single serum specimen appear to be the persistent
antibodies from past mfection and antibodies cross-
reacting with N meningitidis The posituve test

Gonorrhoea has a short Incubation penod
resulting 1n a e interval betw een onset of diseast
and the presence of circulaung antibodies whih

fl the y of 2 gical test Tn the
present study this 1s probably the explanation for
some of the negative serological results for patients
with current gonococcal nfection (Fig | and 3
since 50% of these patients did not retum for
control exammation This means that ey wee
tested only once and often within one weck afier
exposure to gonorrhoea

;.’A serological test for gonorrhoea with the ablity
to differentiate between current and previoss

1 1nfe does ot seem to be atiamabe
8

results occurred with increased freqs n me-

Antibodies 10 & I pils persist for yeats &

ningococcal carriers However, to the knowledge of
the authors shared antigemcity of gonococcal and
meningococcal pill has not yet been demonstrated

demonstrated in the present study and by mhtﬁ(;l“
Thus 1n this respect no profit was derived from

Infecs o
TABLE 6 Serological Screemng of 253 Female and 396 Male Panents with or without Previous Gonococeal Infe
{gc)
IHA GCF
-

Predictive value

Predictive value st
Sex Previous Speuficity of negative test SPeC;(,ﬁCll)’ of neg:zve

98 85

F + 71

100
78 100 61

77

M + 65

88 97

34 100 7

s

IHA  ndrect haemagglutination test
GCF  gonococcal complement fizauon test



e of punfied pih as antigen mstead of less well
efined agents (6 20) Nesther was 1t possible to
usogmsh between recent 2nd past tafection by
getermination of the immunoglobulin class of the
ngbodies present (10 16) because the immune
response was foupd to be dommated by 1eG
antibodies

I 1976 Johnston e af (11) destnbed 2
serological classification on N gonorrhoege strains
based on the 1solation of an outer membrane
complex (OMC) Strains with identical patterns by
polyacrylamide electrophoresis also demonstrated

dentity by il 1nagar

getagainst rabbit antisera to 1solated outer membra
resor 1solated serotype anugens Johnston ef af {11)
demonstrated 16 OMC serotypes which they
cosidered to be topics for future 1mmunological
stdies Sensitne 255ays using OMC as anuigen have
‘been developed (1 12) and cross reactivity with the
OMC from N memngidis group A has been
demonstrated (18) Studies on the immune fesponse
n buman beings using OMC from a single non
sratyped strain 25 anugen have been published by
Ghnn & Ison (8) and Ison & Giynn (10) In thewr
mater) the comparatively high number of presu
med false positive results may be due to underdiag
vosss of current g since bacteriological examina
1on %25 used qnly to 2 Lmted extent

In conclusion tests using 1
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TABLE S Serological Screemng of 253 Female and 396 Male Pattents with or without Previous Gonococeal Infection

(gc)
THA GCF

Predictive value Predicuve value
Sex Previous Sensitivity of postive test Sensitivity of posiuse tet

ge % % % %

F + 100 45 29 30

-~ 64 74 6 100

M + 74 43 19 &

- 45 56 8 100

IHA  indirect haemagglutination test

GCF  gonococeal complement fixatton test

out of 18 male patients without current or previous
8C were named contacts to patients with gonor-
rhoea

Using the quantitative radiommuno assay for
determination of antibody to gonococcal pth (4) 1In
sera from a low risk population of female patents,
Holmes et al (9) found a sensitivity of 65% and a
predictive value of positive test result of 14 % They
conclude that the major current limitatrons for
gonorrhoea case detecton by examunaton of a
single serum spectmen appear to be the persistent
antibodies from past infection and antibodies cross-
reacting with N menmingindis The positive test
results occurred with increased frequency 1n me-
ningococcal carriers However, to the knowledge of
the authors, shared y of and

Gonorrhoea has a short ncubation perod
resulting 1n a time nterval between onset of dista%
and the presence of crroulang antibodies W

fl the of & serological test Inthe
present study this 1s probably the explanstion 1t
some of the negative serological results for pauem)s
with current gonococeal infection (Fig 1 and !
snce 50% of these patients did not retusm &t
control examination This means that they :{":
tested only once and often within one week al!
exposure to gonorrhoea

lj\ serologlgml test for gonorrhoea with the abdnz
to differentiate between current and W“";:‘e
gonococeal infection does not seem to be atta «
Antibodies to gonococeal pih persist for yﬂﬁm

ated 1n the present study and by others’

meningococcal pilt has not yet been demonstrated

TABLE 6 Serological Screening of 253 Female and 396

Thus, m this respect no profit was derived from e

fctot
Male Patients with or w thout Previous Gonococeal 1o

()
Predictive valte
Predictive value st
Sex Previous Speaificity of negative test Spec;éﬁcnty of mag:v:
g % @
85
7t 100 98
F M 85 78 100 6
7
65 88 97
M : 89 84 100 78
IHA  indirect hacmagglutination test

GCF  gonococeal complement fixation test



15¢ of puntied pilt s antgen yostead of iess well
fined agents (6 20) Nesther was 1t possible to
Jstinguish between reoent and Past mfection by
termunation of the ymmynoglcbulm class of the
‘atidodies presept (10 16) because the immune
sesponse was found to be dommated by 1gG

aatbodies

In 197 Jornston e arf (I1) descnbed 2
“efological classification on N gonorrhoege straans
tased on the wsolayon of an outer membrane
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“solyascyland h also 4

. T

1 dentity by 1n agar
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demonstraed 16 OMC serotypes which they
onsidered to be topics for future 1mmunological
Studies Sensitive Assays using OMC as antigen have
fren developed (1 12) and Cross reactivity with the
DMC from & memngandis group A has been
* demonstrated {18) Studies on the 1mmune response
"1 dumsn bemes using OMC from a single non
“#eratyped strai a8 anugen have been published by
£Glhan & Json (8) and Fson & Ghyna (10} In thew
“#dtenal the Comparatively high number of presu
& med fzlse posiuve results may be due to underdiag
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TABLE 5 Serological Screening of 253 Female and 396 Male Patients with or without Previous Gonococeal Infectun

(gc)
iHA GCF
Predictuve value Predictive value
Sex Previous Sensitwvity of positive test Sensitvity of positive test
8 % % % %
F + 100 45 29 80
- 64 74 6 100
M + 74 43 19 [$]
- 45 56 8 100

IHA indirect haemagglutination test
GCF  gonococcal complement fixation test

out of 8 male patients without current or previous
gc were named contacts to patients with gonor-
rhoea

Using the quantitative radioimmuno assay for
determination of antibody to gonococcal pilh (4) 1
sera from a low risk population of female patients,
Holmes et al (9) found a sensiuvity of 65% and a
predictive value of positive test result of 14% They
conclude that the major current Iimutations for
gonorrhoea case detection by examination of 2
single serum specimen appear to be the persistent

Gonorrhoea has a short incubation period
resulting 1n a time 1nterval between onset of disease
and the presence of circulating antibodies which
the ofa I test In the
present study this is probably the explznation for
some of the negative serological results for patients
with current gonococcal mfecton (Fig 1 and i}
since S0% of these patients did not rewrs for
control exammation This means that they V\;rﬂ
tested only once and often within one week after

exposure to gonorrhoea
| test for gonorrhoea with the ability

anttbodies from past infe and antibodies cross-
reacting with N menmmngitidis The positive test
results occurred with increased frequency 1n me-
mingococeal carrters However, to the knowledge of
the authors, shared antigenicity of gonococcal and
meningococcal pilt has not yet been demonstrated

TABLE 6 Seralogical Screemng of 253 Female and 39

6 Male Patients w1tk or without Pres ous Gonococcal Infe
(ec)

A
to differentiate between current and Previos
gonococcal infection does not seem 10 be attanzble
Antibodies to gonococcal pilt persist for )’m(q"s
demonstrated mn the present study and py others o
Thus, tn this respect no profit was derived from the

fection

IHA

GCF

Predictive value

Predicuve value '
Se Previous Specificity of negatve test Spec;éﬁcm’ of negative tes
x %
& b %
85
100 98
F : iy 78 100 6l
38 97 m”
M : §§ 84 100 3

IHA  indirect haemagglutination test
GCF  gonococcal complement fixaton test
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LYMPHOCYTE SUBPOPULATIONS IN MAN
CHARACTERIZATION OF IN VIVO-EDUCATED,
ALLOREACTIVE, CYTOTOXIC LYMPHOCYTES

HANS E. JOHNSEN and MELVIN MADSEN

hus Kommunehosps
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e Tise g al Ur:xvemty Hosputal DK 8000 Aartus C Denmark

Ch of
Johnsen H E & Madsen M L n man

vvo educated alloreactive cytotomic Iymphocytes  Acta path mucrobiol scand Sect. C 88 1631711
1980

Alloreactive cytotoxic lymphocytes present tn penipheral blood of two normal humans have been

swded by rosette fractionation evperiments It i1s shown that the effector celts
SRBC fow avd tv FcR are nvlan nan adherant and w ha 0 Thoca s -

membrane
the effector = -
immune syst . -

speal’c others nun speciii 1n paralef to | helper and suppressor lymphocytes

Key words L

have receptors for
C

H E Johnsen The Tissue Typmg Laboratory Bl

Kommunehosprta) DK 8000 Aarbus C Denmark

Acocpted as subm ted 23180

Several tymphocyte medmted cytolyue pheno-
mena have been described The cytolysts 15 a result
of an 1numate contact between effector cells and a
Televant target cell through an effector cell receptor
*h affinty for target membrane structures
followed by an effector cell dependent wreversible
damage of the target cell membrane (4)

The source of the target cell as well as the
Atached membrane structures has given a natural
¢vsion of the phenomena mto (2} antibody
dependent cell mediated cytoroxicuty (ADCC) against
nubody sensiuzed allo- and xenogenetc target cells
“here the receptor of the effector cells specific
for the Fe part of target bound 13G 15 the Fe
reeptor (FeR) (21) (b) spontaneous or naural cell
mediated ¢y totoxicity (SCMC) where the target cells
have been long ume cultured allo- or Xenogenerc
fumor eell hines or fibroblasts The receptors and
targer determnants responsible for this Phenome

Va

cod Bank 2nd Blood Grouping Laboratory Aarhus

oon have not been characterized (11 29 30 33) (@
mitogen induced cell med ated cytotoxicrry (MICC)
15 possibly medated through binding of a by or
polyvalent mutogen to both the effector and the allo-
©Or xenogeneic target cell Alternatively the mecha
nism behund ths phenomenon could be a mitogen
dependent (actvation) restoration of the cytotox ¢
Ppotential of effector cells with low OF no detectable
natural cytotonaty (7 9 35) ) immune T
bmphocyte mediated O totoxierry (LMC) yia binding
of the mmune T cell receptor to membrane
determmants on refevant target cells The targer
celis have most often boen  blast transformed
Iymphocytes ang the target structures bound to the
T cell receptor have been characterized a5 mem
brane structures coded from the m:
ubility complex (MHC) (3 10)

erization of the
tor cells has been perform,
membrane markers

)01 histocompa
dufferent cytotonc effec.
ed with the help of surface
and antigens  Although 1he

141



°

sutface structures of Newsseria gonorrhoeae In
1 b of Ne g A ASM
Washington DC 1978 p 93-100

Vecchio T J Predictive value of a single diagnostic
test in unselected populations New Engl J Med
27¢ 1171-1173 1966

20 WHO Scienufic Group Netsseria gonorrhoese and
gonococcal 1nfections Technucal Report Series 616
World Health Organszation Geneva 1978



Experimental procedure for the cyfotoxicity tesis The
fundamental technical set up for the EytotozIcity tests 15
45 described previously (16)

Preparanon of target cells 3 X 108 lymphocytes 1n
2 o) RPMI1640 (Gibco Bio-CulD) supplemented
with petsclin 100 (U/mi streptomyctn 100 pg/mi
gvamie 2 @M and 25% (v/v) pooled heat
wacvated burian serum (SRPMI) were sumulated with
shywhaemaggtuumn (Welleome UK 1n a final ditution
1100 (v/v)) After 3 days n culture the lymphoblasts
from several rubes were pooled washed mwice and
stored frozen m ligwid matrogen at a concentration of 3 X
106 cells/md as described by Jorgensen & Lamm (17)
This procedure gave an acuessible standardized target
soume Afier bemg thawed 1~2 x 106 blasts were
Tesuspended tn the volume of Nay 31CrO4 containing 50
¥ spectfic activity 100-350 mCifmg Cr) 1ncubated
237 °C 16 2 water bath for 30 mun with frequent
shakng followed by washing twice 1 TC-199 (buffered
with bicarbonate and Hepes 10 mM of cach and
nanng 2 mM gluanune 100 1U/m) pemallin and
100 pe/ml sueptomyan pH 74) For ADCC the
anubody sensinzation of fargets was performed by
incubating at 37 °C for 30 mun 106 SICr marked tlasts
19 |l anuserum (see below) difuted 14 12 TC 199
After beiog ashed twice 1n TC 199 (5002 10 mun) the
HCr marked anubody sensituzed Iymphoblast targets
;re Fesuspended 1n SRPMI and adjusted to 105 cells/

Fréparation of effector cells The cells 1o be tessed for

fCand ADCC effector capacity ~ that 15 unfractiona
W ennched or depleted celt suspensions — wese
fesuspended in SRPMI and adjusted to § x 106 cells/
o o oot otherwase stated

Exper mentat procedure for LMC and ADCC 100
of the target cefl suspension (~ 104 cells) was mixed 1
doplicate plaste wbes (70/10 mm round bottomed
CUdlogue No 1090 Munc Roskilde Denmark) with
100 4 of the effector cell suspension (S0 x 104 cells)
i centnfuged ay $0 2 for 5 mmn followed by incubaion
Su;:c b i bumdified $% C03/95% atmospheric ar ar

Afier weubauon the effector target contact wasg
dsrupted and che SXperiments were stopped by adding
)3l of cold (4 °C) 0 9% satune 1o each tube foltowed
by siorage Overnight at 4 °C for convemence The
$PORianeous SICT refease was onty Partly ascribed to this
$orage. After cenmfugaon 11000 & 10 min)a § 0 m)
B0t of each supernatant was transferred 10 3 new
wbe Yeaving § 7 m) plus the celt peliet 1 the est tubes

radwactviey 1n alk tubes was counted 1n a Packard
Av-pmmacounter preset for counting etther a toa)
194 eounts or for 10 min
. T mazimal chromum release was Sbuined
Texze-thiw 1g three tmes 104 targets in 200 pl SRPA1
Aler additon of 1 S ml saline these tubes were veated
¥E the st tubes The sponuneous release of SICr
KUY was tvaluated from tubes wigh 104 1argets 1n 200
S SRPMI w 0wt effector celly These tubes and the s
SUbes were evaluated 1n paralte]

Cateutarion o percemage of cytotosicity The percentage

of $1Cr release 1 the tubes was calculated from the
Tormula

$1Cr refease =

acuvity released 1n the supernatant x 100%
total activaty 10 the fube

Sintoe percentage H1Cr released from the test tubes ~ T

percentage SICr released spontancously = S and

maumum percentage SICr released by the freeze thaw

procedure —  then the percentage of cytotoxiiry was

calculated from the formula

% cywwonaty = TS

and maumum cytotoxicity which 13 the working range
of the test was calculated from the formula

% mattmum cytotoxiaty = M S

Antserumr One serum  contaiming lymphocytotoxic
anubodies as revealed by the lymphocytatonie mierotech
nuque were used The serum (No  26673/63) was

and fr dned by sterile
Waler to the onginal volume and nactivated (56 °C 30
min) before use

as
A
n

{@rand 5 P {3} None of the donors have 3 famify
hustory of immunological disordars or genetsc diseases
H P 18 2 35 yearld femate with a2 history of one
pregnancy (1975) and do blood transfustons  After
delivery she developed a weak Iymphocytotoxic anu
HLA A2 anubody (utre 2-4) which disappeared approx
18 months afer delivery and has 00t besn presant since
developed (ymphocytotoxsc fymphocy
tes with a specificaty for target determunants associated 1o
HLA A2 These cells were observed for the Grst ume
approx 2 years sfter Pregnancy and were demonstrable
duning the whole period of thus sudy although they
Previously have beery absent yn satervals of up 1o one
month
S P 15240 year-old male bornin India on arny,
Denmartk he was 20 years old He has no tnowled:el ::’;
trasfusions His



effector cells operationally have been named killer
cells (K cells) 1n ADDC natural killer cells (NK
cells) in SCMC and cytotoxic T lymphocytes (CTL)
m LMC the phenotypic characterization of these
lymphocytes by the membrane markers has been
controversial Trying to summarize recent studies in
man{2 11 16 23 25 26 29 30 34, 35) it may
be concluded that human K and Nk-cells for the
major part have receptors for sheep red blood cells
(SRBC) and helix pomatia haemagglutimin  al
though with the methods available effector cells
have been 1dentified without these receptors There
seems to be no doubt that most of the K and NKk-
cells have FcRs of high avidity but are without
receptors for complement (CR) they are non
adherent to nylon wool and without easily detec
table surface membrane mmunoglobulin (Smig)
The effector celis 10 MICC seem to have the same
charactenstics although the CR and Smlg have not
been studied (9 12 35) Little 1s known about the

test were 2 amunoethylisothwronum bromide (AETH
treated sheep erythrocytes (SRBC) for the EA rosere
test ox erythrocytes (ORBC) sensitized with subsgglun
nating amounts of & hyperimmune rabbit anu-ORBC
antiserum contatrung antibodies of the 1gG class wen
used and for the EAC rosette test ORBC were sens e
with zymosan treated normal human serum {RJ) wheh
contains anubodies of the IgM class snd 15 non
haemolytic owing 1o lack of C5 The indicator cells were
resuspended to 1% (v/v) m BSS with fetsl calf senum
{FCS) E 1n 40% FCS EA and EAC m (0% FSC

The rosette tests were performed 1n duphcate tubesty
ruxing 100 p! of the lymphocyte suspension and 100
of the indicator cell suspension which was centnfugedat
50 g for S mn and incubated overnight at 4 °C
Enumeration of RFC was done after toluidine bive
staming and resuspension counung a total of 200
lymphocytes

Quantiation of Smlg posine bmphootes Smlg
positive lymphocytes were quanutated by the dre
immunofiuorescence technique of FPapamchal et o
{24) which was slightly modified Briefly 1-2 % 10

effector cell sn LMCin man although by defi

1t has to be a T cell Recent studies in mice have
shown that a part of the cytotoxic T cells have FcRs
or generate FcRs both during i vno and i vitro
generatton (18 19 28 32} This marker on CTLs

hocytes were at 4 °C for 30 mmnn 1004

(FITC) 4 polyvalenl
rabbit 2nts human Ig (Dakopatts Denmark) difuted | 10
After two washes Smlg positive lymphocyles ®ert
scored 1n wet preparations counting 200 Jymphocytes?

ymp

raises the question whether the receptor molecul

responsible for cytotoxicity 1s a cytophilic 1gG
molecule bound through the FcR Studies of the
alloreactive cytotoxic effector cells 1n man have
mostly been performed with m irro educated
cytotoxic lymphocytes agam showing discrepan

cies Some reports (5) describe a significant influ

ence of a FcR positive T cell for the generation of
CTLs although the CTL do not necessarily present
the FcR others describe no influence of FcR
positive responding T cells for generation of CTLs
(31 own unpublished observation)

By help of b markers and i
experiments the object of this study 1s to characte
rze human i yvno generated CTLs with alloreactt
vity

MATERIALS AND METHODS

Isolaton of monocuclear cells Cells were 1solated as
descnibed by Bopum with local modifications 2s
described previously (13 17) Briefly defibrnnated blood
was diluted with an equal volume of balanced sag
solution with Tris (BSS) and placed ont Lymphoprep
(Nyegaard & Co A/S Oslo} After 20 min of
centrifugation at 1000 g mononuclear cells were
harvested from the nterphase washed twice in BSS (500
g 10 min) and resuspended to 3 X 106 cetls/ml m BSS

unless otherwise stated "
Quanutaton of E EA EAC rosette forming cells

(RFC) The rosette tests were performed as d:scnb;t:
previously (14 22) The idicator cells for the E rose

164

a
Depletion of adherent cells by mion wool colums
fraction A 10 m! plastic syringe was packed with 058
nylon woo! (Fenwal Laboratortes) and two umes Wm
BSS was passed through the nylon by the syninge pmgn
packing the wool 10 3 ml After premcubauon at 3 E
the colunin was ready for use About 30 X 106cellsn

ml BSS with 10% FCS were prewarmed at 37 °C ﬂ‘dr
applied on the nylon wool column After 45 n\mf
incubatton at 37 °C the non adherent oells were pass \elf
eluted by twice adding 3 m! BSS with 10% FCS {pre
watned to 37 °C) After elution the non adhereat cells

were washed twice
npa wdw o DEC Y mi lvmphot1e

vl of
nfuga

tion at 200 g for 5 min incubation at 4 YL 1ut £y ‘(‘)‘0“
and gentle resuspenston the cells were flotated at 10! m:
on Lymphoprep The non RFC were hanested & b
interphase and washed twice The RFC were l:d b
pellet and the E and EA indwcaor cells were lys¢ A
addition of fresh autologous serum (harvested from ‘
sl 150latton of mononuclear cells) and mcubauctr;:d
379C for |5 min The EAC ndscators could not bely
by immune haemolysts and hypotonic lysril *::
performed by adding sterile water for 15-30s fol owu
by an equal volume of double osmotic  phosphat
buffered saltne After haemolysis the remunng lympho
cytes were washed twice . 105 ymphos
sini ation of effector cells 6 % y!

n ZT’r)n‘; BSS w:re{m/{ed with | ml 0 5% (v/v) trypsin
(Difco Laboratories Detrott MI) solution 1n BSS The
cells were incubated at 37 °C for 45 min followed by
washes 1n BSS
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Fig I The cytotoxicity of effector cell suspeastons from donor S P and H P befors and after enrichment and
dpleon for E EA and EAC RFC The resuls are mean and Tange percentage Cytotoxicity against target B and D
forS P apd A Band D for H P Matumum cytotoxicity was 48 8% (range 42 7-55 3% ) The relauve distnibution
I lymphocyte subpopulations i the different effector suspensions are given (%) indicate underestmaion due to the
Immune haemolysis procedure during fractionation (=) not done

depleted suspensions thus the cytotoxic cells have
wesptor for SRBC but no CR which 15 m
axordance with the fact that these two markers as
ey arc used here are non-overlapping (15}

:r;%her Study of the FCR Postve and Negatne E-

Both the EA RFC ennched and the depleted cell
SuSpensions have 5 strongly reduced cytotoxiaty In
n 2ttempt to explam this paradox dose resporse

were performed with fractionated suspen

$1ons from one of the donors (H P ) It can be seen
2Pl  that the E RFC ennched suspension has an
Cytotoxic capacity compared to unfractio

"ated cell suspensions while the E RFC depleted
SUSPesion has ng cytotoxscity  The E RFC enn
o4 suspension was fractionated o EA RFC
:!“_"Chﬁi and depleted effector cells giving results
® ) accordance with Fig | Both fracuens
have 3 Jow but nearly equai acuvity The explana
Uon could be that the mMajor cytotoxicity was 1 the

" REC eanched suspension but the mndicator cell
B105tS (EA) around the effector cells inhibit the
- SONACt hecessary for lysis to occur acubavon
TUught at 37 oC of the cell suspensions to etute

E RFC enrched

Unfrachanated

EA RFC dagleted

% Cytotorielly

effectar barget ralre
Fig 2 Dose response curves for LMC acuvity of rosette.
ennched and depleted cell suspensions The EA fracuo
nation was performed on the E RFC enriched suspen
3100 The results are from on¢ experiment with HPas
effector aganst target Band D gven ag mean % values
against the two targets

e



RESULTS

Two normal healthy donors, who by experience
were known to have cytoloxic lymphocytes n
penipheral blood agamst aflogenerc target cells, have
been tested in this study One of the donors (H P)
has been deseribed previously (200 HLA-D typing
of her tymphocytes by homozygous typing cells was
mpossible owmng to false assignments, as her
cytotoxic cells actually kdled the stimulator cells

Characterszation of the Effector Cells & Rasew
Fractionation Experiments
Three rosette tests were used for pradent
fracionation of the effector cell suspeasions gog
the tesults shown i Fig 1 {1 can be seen that the
cytotoxic capacity 15 retaned in the E RFCeasiched
and EAC-RFC depleted cefl suspensions whie 1
disappears or 1s freduced in the E- and EA REC
depleted and EA- and EAC.enriched suspensions
One important thing to have 1n mund before
1 can be drawn from these resulss, s b

The target determinants identified by these

cells were assoctated with HLA-A2 The same
HLA-D typing problem was observed with anather
dopor S P) who also had cytotowe cells
penipheral blood, the speaificity of the cyotoxic cells
s a0t known

The Cytotoxic Cells are Nylon Woal Non-adherent
and Trypsin Sensin e

Tesung these donors agamnst 2 hughly selected
panel of PHA blast targets (Table 1) reveals sspecifi-
city«, as donor H P 1s positive agast wargets A, B
and D, while donor § P was posttive against B and
P None of the donors are positie agamst
autologous target ¢ells Furthermore it can be seen
from Table 1 that the major part of eytotoxc cells
are nylon wool non adherent Finally, the cytotoxs
city 1s abolished after trypsin treatment, indicating
that the target binding structures (receptors) are
trypsin sensitive

lil of the fr procedure per se on
the cylotoxic capacity of enriched or depleted &l
The depleted are found

with fess than 4% rosette forming cells revezled bv
rerosetting, and the cells seem to be morphologically
unchanged The cells wn the ERFC ewuhd
suspensions also seem to be rather unaffected by the
fractionation procedure, with a purty of 35-95%
whereas the EA- and EAC RFC enriched suspen
stons have a spurityc of S0-60% revealed by
rerosetting Morphologseally we could 1deably EA
and EAC wndicator cell ghosts fixed to e
Iymphocytes after the haemolyte procedure 1ndi2
ung that the FeR and CR are occupied by iminunt
complexes and making these (WO Suspensions
useless for absolute conclusions concerming (ir
effector capacities and purity

1t can be concluded that nearly fota) Gy1ol0REY
s retained 1 the E RFC enrched and EACRFC

ot
TABLE 1 Cprotoxicuts of Monanuclear Cells after Depletion of Nylon Wool Adherent Cells and Tripsin Treotme!

Targetss
A B (o} D
n?
HP 1470 158 32
Untreated cells b a5 1a4 -29 158
W 03 219 33 i
g Nylon wool non agherent cells sp 08 140 04
& fe -9 a2 a6 B2
2 Trypsin treated cells sP nd na 05
$877333 8R1/301 849/333 860/308

Maxtmum/spontaneous 31Cr retease

# The HLA phenotype of the pane) donors were
A HLA A2 w19 BS 40
B HLA A12 B33
€ HLA A3 11,B735
D HLA A29 B1215

1 The results are given as % cytotoxicity with the effector target raua 30 1
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esumatton due to the

weptor for SRBC but mo CR which 15 1o
soordance with the fact that these two markers as
they are used here are non-overlapping (15) 25 -

€ RFC enriched
;l;rgwr Study of the FeR Posisive and Negatne E /

Both the EA RFC enriched and the depleted cel)
suspensions have a strongly reduced cytatoxiaty In
19 auempt to explain s paradox dose response
Studes were performed with fractionated suspen
$10ns framm one of the donors (H P ) Ttcan be seen
mFig 2 that the E RFC enriched suspension has an
hanced eytotoxic capacity compared to unfractio
fated cell suspensions while the E REC depleted
Suspension has no eytotoxicty The E RFC enn
Suspension was fractionated into EA RFC

depleted suspensions thus the cytotoxic cells have 30_1

Uafraztionated

EA RFC deplted
EA RFCennched

% Cytotoxteity

E RFC depleted

T T T T
[‘;ﬂthad and depleted effector cells giving results 5 0w 20 40
hlv% b 1:‘ accordance with Fig 1 Both fractions effectar target ratlo
® & lowm bt nearly equal actvity The explana
lan £0uld be that the major cytotoRcity was 1n the Fig 2 Dose response curves for LMC actvity of rosetie

REC enriched suspension but the mdicator cell ::::?‘:,‘:\d.f pleact cell suspensions The IEA fractio
Bhosts (EA) around the effector cells mhibn the . - .

fontacy forlysistooccur Incubation ¢ . N . PR
Svermght at 37 9C of the cell suspensions to elute  a. vt



RESULTS

Two normal healthy donors, who by expersence

Characterization of the Effector Cells by Rosetie
Fractronation Experiments
Three rosette tests were used for gradent

were known to have cytotoxic lymphocy m
peripheral blood against allogeneic target cells, have
been tested 1n this study One of the donors (H P)
has been described previously (20) HLA-D typing
of her lymphocytes by homozygous typing cells was
mpossible owing to false assignments, as her
cytotoxic cells actually killed the stimulator cells
The target determinants 1dentified by these cytotoxic
cells were associated with HLA-A2 The same
HLA-D typing problem was observed with another

fr of the effector cell suspensions gumg
the results shown mn Fig 1 1t can be seen that the
cytotoxuc capacity 1s retamned in the E-RFC enrched
and EAC-RFC depleted celf suspensions while 1
disappears or 1s reduced in the E- and FARFC
depleted and EA- and EAC-enniched suspensions

One 1mportant thing to have m mued, before
conclustons can be drawn from these results 1s the

fl of the frac procedure per se o1
the cytotoxic capacity of enriched or deplated ol
The depleted suspensions are found

donor (§ P), who also had cytotoxic cells n
peripheral blood, the specificity of the cytotouc cells
1s not known

The Cytotoxic Cells are Nylon Wool Non-adherent
and Trypsin Sensitne

Testing these donors agamnst a highly selected
panel of PHA blast targets (Table 1) reveals »spectfi-
city«, as donor H P 1s positive against targets A, B
and D, while donor S P was posttive against B and
D None of the donors are positive aganst
autologous target cells Furthermore, 1t can be seen
from Table 1 that the major part of eytotoxic cells
are nyfon wool non-adherent Funally, the cytotoxt-
city 1s abolished afier trypsin treatment, indicating
that the target-binding structures (receptors) are
trypsin sensitive

with less than 4% rasette-forming cells revealed by
rerosetting, and the cells seem to be morphologically
unchanged The celis n the E-RFC enriched
suspensions also seem to be rather unaffected by the
fractionation procedure, with a purity of §5-95%
whereas the EA- and EAC-RFC enriched suspen
sions have a wpurtty« of 50-60% revesled by
rerosetting Morphologically we could idenufy EA
and EAC mdicator cell ghosts fived to the
lymphocytes after the haemolytic procedure smdict
tng that the FcR and CR are occupied by immunt
complexes and making these two Suspensions
usefess for absolute conclusions concerning thei’
effector capacities and punty

It can be concluded that nearly total cytotouaty
s retaned n the E-RFC enriched and EAC RFC

ment
TABLE | Cywtoxicity of Mononuclear Cells after Depletion of Nylon Wool Adherent Cells and Trypsin Treal

Targets2)
A B c p
u?
HP 147 158 31
Untreated cells s P 05 144 29 168
up 203 HE 53 :g "
14 Nylon wool non adheren cells s P 08 140 04
g
0l
g HP 09 42 =16 20
& Trypsin treated cells sp N nd 05
01308
Maximum/spontaneous $ICr release 837/333 881/301 849/333 86
2 The HLA phenotype of the panel donors were
A HLA-A2 wl19,B5 40
B HLA-Al12 B813
C HLA A3,11,B735
HLA-A29 B1215
& ’?he results are given as % cytotoxicity wath the effector target ratio 30 1
. Ve N

16



% Cytatoxtelty

000000000

0 Un
frachionated
,&E RFC 78 8
ARFC 31 16
YEACRFC '8 10
ofSmlg-e 17 1¢

Fg 1 The cytotoxictty of effector celt suspensions from donor S P and H P before and after ennchment and
depletion for E EA and EAC-RFC The results are mean and range percentage cytotomiaity aganst target 8 and D
forS ¥ and A Band Dfor H P Maximum cytotoxiauty Was 48 8% (range 42 7-55 3%) The relative distibuton
of iymphocyte subpopulations m the different effector suspenstons are given (%) indicate underestrmation due to the
mmune haemolysis procedure during fractionauon ( ) not done

depleted suspensions thus the cytotouiC celis bave
recsptor for SRBC but no CR whih 5 m
aordance with the fact that these two markers as
1hey are used here are nop-overlappmng (15}

Further Study of the FcR Poswwe and Negative E
RFC

Both the EA RFC enriched and the depleted cell
Suspensions have a strongly reduced cytotoxicity In
20 atempt to explain s paradox  dose response
studies were performed with fractionated suspen
S108s from one of the donors (11 P ) Itcan be seen
1 Fig 3 that the E RFC enriched suspension has an
enhanced cytotoxic capacity compared 1o unfractio-
nated cell suspensions while the E RFC depleted
Sispension has no cytotoxiaty The E RFC enn
thed suspension was fractionated mto EA RFC
enriched and depleted effector cells giving results
(Fig 2) 1n accordance with Fig 1 Both fractions
have a low but nearly equal acuvity The explana
ton could be that the major cytotoxiaaty was i the
EA RFC enriched suspeasion but the mdicator celf
hosts (EA) around the effector cells mhubit the
©lose contact necessary for lysis 10 occur Incubation
overmght at 37 °C of the cell suspensions 1o elute

E RFC enniched

20
= Unfeachianated
[t
::) EA REC depleted
; 10 EA RFCennched
E
0

E RFC depleted

eblechor target ratio
Fig 2 Dose response curuae € 110
enrichea
Tation v
sion Th
effector

against



EA-RFC enrfched

Conirol
E-RFC enrlched

EA-RFC depleted

%Cylaloxl:“y

T T L
2 2 50
effector: darget ratlo
Fig 3 Dose response studies for LMC actvity of the
fractionated cell suspensions used in Fig 2, after 24
hours mncubation at 37 °C Contro! suspenston 1s the E
RFC enriched suspension treated with the EA ndicator
cells without EA rosette fractionation

the ndicator complexes from the effector cells
followed by testng for cytotoxicity, gave the results
shown m Fig 3 The EA-RFC enriched E RFC
have more than four times the cytotoxic capacity of
the non EA-RFC- In conclusion the major part of
the cytotoxic cells have recogmizable FcR

As trypsin treatment can abolish the cytotoxicity
and the effector cells have FcR 1t may be

T asp ly d, o ask whether
the receptor can be a natrve [gG molecule unspect
cally bound to the cells via the FcR If this s the
explanation, then incubation of donor cells from

d having no lymphocytes with
serum from H P and S P should gne the
ocurrence of cytotoxic cells through a mechanism
parallel to ADCC The results from such expen
ments are shown 1n Table 2, indicating that this was
not the case This 1s further supported by the fat
that non E-RFC (which have X cell actvity (16}
fromH P and§ P do not act as CTLs (Fig [and
2)

In conclusion, 1f the receptor 1s an IgG molecule
1t may be bound spectfically to a subpopulation of
FcR positive cells alternatively the T cell receptors
for the target cell determimants are trypsin sensive
and have no direct refation to the FeR found on the
mayor part of the effector cells

The EA Binding Avidity of the FcR on the Cylotoue
Cells
Depletion of EA-RFC with EA indicator cells
sensitized with varying diutions of antisera wil
deplete the FcR positive cells dependent on (e
avidity of theirr FeR (16) Such depletion expent
ments were performed with results as shown i Fig
4 Depletion of cells binding EA sensitized with
higher anuserum druton than 1320 (EAs 9
b d the cy agamnst d target
cells while 1t strongly abolished the ADCC capactty
of the cell suspensions This is duc to depletion of
high avidity FcR posive cells which are manly k
cells (16) and a parallel concentration of the
cytotovic effector cells A further depletion with

TABLE 2 LMC after Prencubation of Mononuclear Cells in Serum from Donor H PandS P

Target panel

Effector cell donors . . - 5 o
HP 2260 217 43 ZIJ;? 33;‘3
HP +SeHPW 226 220 70 2|7 7
N 1@ 19 39 05 i 160
NI + Se(H P) 22 37 16
52 235 202
S P 48 251 B 57
57 332 62
qu;“’&(SP' 1 31 [} 26 ;g;
N 2 + 85 P) 17 31 06 33

) Target D sensitized with HLA antisera
b} The results are given as % cytotoxicity
© Mononuclear effector cells which have been in

G
@ N 15 normal non cytotoxic donors only results from one ¢

168

cubated for | hat 37 °C in serum from donor H P

presentattve normal donor as effectors 1s shown

o~

P —
.



40

30

% Cytotoxicity

>—OADCC

Depletion of EA-RFC

o ADCC

LHC

Iohibition with EA

T T 1T 1T 1T 11

40 150 640 25600
Serum dilution used for se

Fig 4 Correlation berween the LMC and ADCC with cell

AL LY PR W
40 160 40  1230%
asitization of EA indicators
suspensions depleted for EA RFC o inhibited with EA

ils senstuzed with the anu-ox erythrocyte
ndicator cells The depletion or inhibitson 1s performed with EA indscator cef

ntserum didutions given oo indicates unsensitized erythrocytes The results are given as mean percentage
yiotonaty of donor H P agasnst two targets (A and D) in LMC and one target {C sensitized with antibodies)
ADCC

EA3-EA 20 shows a paralllel depletion of effector
&l acting both 1 ADCC and 1n LMC, indicating
that these effector cells are either 1dentical or two
#llector cell populatrons with idzntical FeR avidity
These results were confirmed by blocking expen
Wents where the effectors m ADCC and LMC
Were blocked after Toseting with varying sensitized
EA mdicator cells without fractionation (Fig 4)

DISCUSSION
This study of membrane markers on peripheral
blood lymphocytes with eytotomcrty agamst alloge-
neic lymphoblasts shows that the effector cells 1n
™0 persons have receptors for SREC and low
andity FcR the cells are nylon wool non adherent
nd without CR Thus 1t 15 reasonable to conclude
t these cells are cytotoxic T cells (CTLs)
aordance  with  the classfication  of m
v educated cytotoxic Iymphocytes with allospeci-
Y 1n other species (3)
We have chanim s ot o

and CTLs on the cellular basis have not been fully
explanined in the present study However, it may be
reasonable to assume that the FcR positive CTLs

oV aalth s “« 1

cells with 1dentical membrane marker phenotypes
1t should be mentioned that in many experiments
we found 2 munor residual cytotoxic capacity among
EA RFC depleted T cells, reflecting either a real
FcR  negative subpopulaion or an mnsensitive
method for identification of the FcR of very low
avidity The last possibility 15 suggested from Fig 4
as the cytotoxiarty after depletion and wnhibition of
CTLs with EA mdicator cells of varying sensitiza-
tion does not end 1 a platea, thus a further

uullall L1 LS seems to be 1n accordance. with results
n mice, where a fraction of the s - ~ri-
spleen T -

and a gre

CTLs wny dnvspeciticty (18, 32) Furthermore,
mixed lymphocyte culture alloactsvated human T
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lymphocytes have been described with ADCC (6)
SCMC (27) and MICC (7) capacity

The FcR posiive lymphocyte population s
heterogeneous as the FcR 1s found both on cells
with receptors for SRBC and Smig and on cells
without these membrane markers (15} although the
occurrence of Smlg positive cells with FcR has been
disputed (8) What seems interesting 1s that FcR
positive non B lymphocytes include nearly all the
cytotoxic effector lymphocytes known 1e K Nk
CTLs and the effector cells m MICC The
phenotypic relationship between these apparent
functionally different cell populations 1ndicates that
they have some common ancestor 1n the immune
system Lymphocy pendent cell mediated cyto
toxicity 1s by definition a function of the thymus
dependent limb of the efferent immune system and
1t may be logical to postulate that the above
mentioned effector cells are T lymphocytes of origin
and function Some cytotoxic lymphocytes then are
speaific others non specific 1n parallel to T helper
and T suppressor cells

3
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Cerottinl J € & Brunner K T Cell med ated
cytotoxicity allograft rejection and tumor tmmu
oty In Duon F J & Kunkel H G (Eds)
Advances 1n tmmunology /8 67-132 Academic
Press New York and London 1974

Cerottint J C & Brunner K T Mechanssm of T
and K cell mediated cytolyss In Loor F &
Roclants G E (Eds) B and T cells in mmune
recogmtion John Wiley & Sons London Mew
York Sydney Toronto 1977 pp 319-336
Eljsvoogel } P Schellekens P TH A duBas M
J G J & Zeylemaker W P Human cytotoxc
lymphocytes after allommunization in vitre Trans
plant Rev 29 [25-157 1976

Evans R L Chess L Levine H & Schlossman S
F Antibody dependent cellular cytotouicty by
allosensiized human T cells J exp Med 147 605
610 1978

Forman J & Moller G Generaton of cytotor¢
Iymphocytes 1n mixed lymphocyte reactions 1
Specificity of the effector cell J exp Med 13§
672-702 1973

Froland S § Wusloff F & Michaelsen T £
Human lymphocytes with receptors for 3G A
of cells disunct from T and B

The partial lack of known d T cell
markers 1e SRBC receptors and T cell antigens on
a munor part of K and Nk cells 1n peripheral blood
may only reflect insensitive methods for detection of
cells with a very low number of surface membrane
markers alternatively these cells may be pre or
post thymic circulating T cells with hidden or stull
not present membrane markers of the T lneage
Indeed neuraminidase treatment of lymphocytes
reveals a higher number of E RFC compared to
untreated lymphocytes (own unpublished observa
tion) and PHA treatment of receptor negative cells
can induce the receptor on these cells (1) These
results seem to 1ndtcate that a functional view as the
primary background for diviston of the lymphocy
tes 1nto two y but not independ
compartments may give some clanfication n the
study of lymphocyte membrane marker pheno

types

This study was supported by grants from the Damish
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CELLULAR IMMUNE RESPONSE IN RABBITS IMMUNIZED
WITH PURIFIED VISNA VIRUS
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Thormar H Knstensson K Lin F H & Wismewski H M Cellular immune response ll; rabbits
immumzed with purified visna virus Acia path mucrobiol scand Sect. C 88 173-177 198

Vista virus sensitzed lymphocyles were demonsirated 1 the penpheral blood of rabbits following

with punfied

visna virus L

was manmal at about

2 weeks and felt to control levels 1 5 weeks A delayed type cutancous hypersensitivity to the virus
was observed at 2 weeks and lasted for at least 9 weeks Both reacuons increased after a booster
imection  Although sera from immurized rabbits had precipitating antbodies agatnst visma virws
proten P25 their lymphocytes were not sumulated by P25 However there was a shght reaction to
P25 in the skin test Therefore in contrast to the humoral immune response P25 15 apparently not the
most active viral anugen in the CMI response 1 rabbits

Key words Visna virus cellular immune response lymphocyte transformation skin test
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Visna vinus causes a slow infecton 1n sheep
Which 15 characterized by a long subchinical period
sometines followed by a slowly progressing fatal
5ease The virus does not replicate mn small
laboratory amimats and numerous early attempts to
'ImuIge rabbits and other todents with visna
VIUS were unsuccessful (15) However later
Stpenments have shown that rabbits respond to
b with virus by
Producing significant titers of precipitating comple
fent finng and

MATERIALS AND METHODS

Virus growth and purificanon Stram K796 of visna virus
was grown and assayed 1 cultures of sheep choroid
plexus (SCP) cells mamtaned in Eagle basal medium
supplemented with 2% lamb serum (1 15) Virus
punficaion was done by the method of Lin & Thormar
70 except that somscation was omitted Punfied virus
resuspended 1n 0 15 M phosphate buffered saline (PBS)
PH 72 was used 1n all expeniments

Isolatlon and punif cation of wisna virus protemns
23 pot.

(4/9) More recently specific visna virus polypepts

des have been 1dentified as the most active anubody

Producing antrgens 1n rabbyts (8 10) In the present
Study we have tested the cell mediated immure
(CMD) response 1n rabbits immunized with visna
Virus and have attempted 1o determme whether the
Visna virus polypeptides that are most active tn the

humoral immune fesponse also play a major role 1n
the C "

"

P25 P14 and P12 were punfied by
:gsz: gel filtrauon m 6M guanidine hydrochlonde as
o ypd & —-.

. Uy
\l(,ll)salofhvevlmsperm] e o
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Immumization of rabbus New Zealand White male
rabbuts {23 kg) were immunized with a mmture of virus
and complete Freund s adjuvant (CFA) (H 37 Ra Difeo
Laboratories Detroit Mich} The first injection was
intradermaf (id) mto the hind footpads using about 100

RESULTS

Stumulation of Lymphocytes by Lne and UV
inactnated Virus
Rabbrts were bled weekly for 6 weeks following

on and their lymphocytes tested m LT

pg of viral antigen (10° TCIDsp of hive or ed
virus) per amamal A Second imjection contamng CFA
was given intramuscularly im) snto the hind legs 6~10
weeks later using about 50 pg of viral antigen {3087
TCIDsp of virus) per ammal Control antmals were

test agamnst viral and control antigens Datz from 3
separate experiments are combined 1n Fig 1 which
shows the lymphocyte stimulation 1 4 rabbits
ngected with control antigen (A) 6 rabbits myectsd

mgected with SCP cell m
medium mxed with CEA Al rabbits were bled from the
central ear artery at selected ntervals before and after
immunizanon
Immunodiyffusion complement fixation (CF) and ney
traitzation tests All of these tests were done as described
earlier (9} A punfied visna virus preparation was used
as antigen 1t the immunodiffusion and CF tests and sera
were thoroughly absorbed with {yophifized SCP cells 1
mantenance medium
Lymphocyte transformayion (LT) tess Peripheral hepa
rimzed blood was mixed with a solution of devtran T250
(Pharmacta Fine Chemicals Piscapaway NJ) and
incubated at 37 °C for 30-45 mmn The leukocyte rich
supernatants were centrifuged and the pellets resuspen
ded in RPMI 1640 medipm {Grand Island Brological
Co ) contaiming 25 mM of Hepes buffer glutamine and
20% autologous rabbit Serum Unless otherwise stated
the serum used was collected from each rabbit before
immunization 2 x 105 cells 1n 0 1 mi of medizm were
duspensed 1nto the wells of stenile Multi Dish Disposo
Trays (Linbro Scienufic Inc New Haven Conn) and
0 I ml of mitogen or antigen in RPMI 1640 medum
without serum was added to triphicate wells Concanava
In A (ConA Calbiochem Lalolta CA ) I pg/well was
used as mitogen  Visna virus 1n 3—4 dilutions was used
as antigen unless otherwise stated The amount of virus
protetn per culture ranged from 0 2~4 pg Dilutions of
freeze thawed homogenate of uminfected SCP cells 1n
masntenance medium Served as control After incubation
of the lymphocyte cultures 1m a@ humdified CO;
1ncubator at 37 °C for 72 h | pCiof [3H] thymidine {59
Ci/mmol New England Nuclear Boston Mass )in 0 05
ml of medium was added to each well Sixteen hours
fater the cultures were harvested washed and counted in
a Packard Tri Carb liqud scintillation spectrometer
Model 544 The results are presented as stimulation
indices (SI) obtamed by dividing the mean ¢pm of
triplicate cultures contiinsng visna or control antigens by
cpm of cultures contatmng growth ntedjum slone
Skin test The antmals were carefully shaved on the
flank immedhatety fateral fo the vertebral column and 0 1
ml volumes of viral and control antigens in PBS were
injected intracutaneously at about 3 cm stervals ‘Three
2 fold dilutions of each snugen were used ranging 1
protem content from ) 1 & pgf8 | ml The woculation
sites were examined at 24 48 and 72h after ijéction and
the drameters of erythema mezs‘;_f;dd 4 the sian test
olo, abbuts were sacrificed and the
snc’si ‘;T:edgm :ZD% formalin and embedded n paraffin
Sections were stained with hematoxyhin-eos
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with uv d virus (B C} and 9 rabbuts
nyected with live virus (D E) The points represent
the mean ST values of each group of arumals It can
be seen that visna virus sensiized Jymphocyles
appeared 1n the blood of rabbns already one wesh
after immunization and showed maxmal SI at
about 2 weeks after immunuzation (B D) In the 9
rabbits smmunized with live varvs the matgum St
varted from 4 to 23 with a mean of 13* 6 (8D
Similarly n the 6 rabbits immunized with w
inacuvated virus the SI ranged from 3 to [4 witha
mean of [1* 4 At 3 weeks after immuni2atian the
ST decreased and reached insigmificant levels at 4-5
weeks A booster given at 6~10 weeks resulted 1n2
rapid tesensitization of lymphocytes lasting for less
than 3 weeks (C E) The manmum SI afler the
booster was simular to that following primary
\mmumizatton and showed the same vanation The
stmulation by control antigen was neghgible even

s A SCP Colls
ala et

SNmuiatian ndex

o )
° 82 atter tmpection
sna virus In

ted 1mmune 1esponse 10 Vi
Fig | Cell mediated 1mmu. e a0

immpnized vabbits The first snection W

footpads {A B D) followed by m m;ecbt:)ar‘x (“C“fl’y
P 1 lymphocytes were tested at abou!
eonis n mphoo t agarnst hve

imtervals in lymphocyte transformation tes
purtfied visna virus (W) and homogenized SC¥ :
(@) Lymphocytes from the control rabbits (A) did no!
repond to the viral antgen whereas there Msl;
significant transtent response in rabbrts immunized W
uv inactivated (8 CJ or five virus (8 E}

selts



be 4 rabbus immunzed with freeze thawed
p cell suspension 1n maintenance medium (3 *
Lymphocytes from these rabbits were not
ulated by punfied visna virus There was not a
if cant difference 1n the lymphocyte response of
1ts immunized with exther live or uv inactivated
s and both were equally active as antigen 1 the
iest (data not shown)
1 one expeniment post tmmunization sera col
d from 2 rabbuts at the same time as
Phocytes were used 1n the LT test Although
1mal lymphocyte sumulation by viral antigen at
wecks was up to twice as high m wells
aining 10% post immunization sera as 1n wells
amng 10% presera the SI decreased to
stectable levels 1n both types of sera at 4-5
ks

sed Hypersensitnipy

lost of the rabbits were niot skun tested untal 6-9
ks after the footpad njection Rabbuts immum
with ive or uv wnactivated visna virus reacted to
vral antigen by formation of skin erythema and

N 2

' o -~

I3 RS T PR T R
L - A

Vo YTy L Y

2 Typial skin erythema 0 a visna varus
punized rabbut 3 days following challenge with 4 2

| B8 respectively of live punfied visna virus All of
tteststes had g s1gn ficant (ndurauon The reaction 1o

" Sontrol anugen was no longer detsciable Picture
O%S3 actual gz

Fig 3 A secuon from the skin of a visna virus
tmmunized rabbit fixed 5 days after tesung with | pg of
wiral anugen Heavy mfiltrauon of lymphocytes Hema
toxylin-eosin  x 166

induration These rabbuts responded 1o the control
antgen by a shght erythema but there was no
induration of the skin At 72 h the erythema caused
by the control antigen had disappeared whereas the
reaction to viral antigen was stil disunct (Fig 2) In

Lamemd ae oan

antigen reacted to that 2ntigen 1n the skin test
whereas their reaction o the virus was much
weaker and without induration Two rabbats which
were skin tested 2 weeks after footpad 1necuion
with hive virus showed a posiyve reaction to viral
antigen

A histological examunavon of the skin reaction in
4 rabbuts sacrificed § days after the skin test showed
that visna virus immunuzed Tabbuts responded to the
virus by heavy infiliranon of small lymphocytes
(Fiz 3) whereas there was no detectable cellylar

feaction to the same amount of control antigen A
rabbit immun 7ed w w M

the other
mis skin
TIO reactio



Humoral Response

Rabbits ymmunized with ether hve or uv-
nactivated visna virus formed CF and precipitating
antibodies against purified virus 2-3 weeks after the
first immunization, with CF titers of | 4-1 32 The
anubody actvity was stmilar i both groups
Neutralizing antibodies were not detectable until
after the booster 1njection and then only n low titers
(14-1 16) One rabbit that recerved three booster
njections with live punified virus formed neutrali-
2ing antibodies with a titer of 1 2048

Response to Purified Visna Proteins P25 P14 and
PI2

Although sera from wisna virus immunized
rabbits reacted against purified visna protemn P25 in
the immunodiffusion test, their lymphocytes did not
respond to this protein 1n the LT test In one rabbit

d with d virus there was a
slight reaction to P25 1n the skin test, but much less
than to the whole virus This was confirmed by
histological examination of the skin test site which

from rabbits immunized with visna virus were
found to prectpitate 18 different viral polypeptides
The strongest reaction was agamnst polypeptides
P25, Pl4 and P12 However, none of them
lated the lymphocytes of d rabbus
and only P25 was shightly active ta the skin tet
These ndividual proteins are erther not the major
stimulants of the cellular immune system or the
highly purified preparation used 1 the LT and skin
tests had lost the specific antigensc activity More
studies are therefore needed to determie which
viral components, te Pproteins, glycoproteins of
lipuds, ehcit the cellular immune response either
ndwvidually or in combnation
‘We have consistently fatled to detect lymphocyte
stimulation i sheep persistently tnfected with visna
virus and skin tests have also been negatne
However, a lasung delayed type hypersensitivity to
visna virus can be elicited 1n sheep by 1d mpectioz of
concentrated virus i CFA (Thomar unpublished
data) If the CNS Iesions mn visna are caused by 2
chronic immune reaction to viral antigens (1)
of ly infected sheep Wih

showed a moderate infiltration of ik 4
cells There was no reaction to purified proteins P14
and P12 in any of the tests

DISCUSSION

The lymphocyte response in rabbits immumzed
with purified visna virus 1s similar to that reported
for a number of other viruses 1n laboratory animals
(2, 3, 13, 14) Maximum sensitization occurred
within 2 weeks and dechined to contro! levels during
the ensuing 2-3 weeks In contrast, a delayed type
cutaneous hypersensitivity to the virus fasted for
several weeks after immunization There 15 there
fore a lack of correlation between these two
reactions 1n visna virus tmmunized rabbits Since 1t
has been reported that antigen antibody complexes
h the 1 of d lymphocytes
from immunized ammals (12) we used post
immunization sera 1 one LT experiment to see if a
better correlation with the skin test would be
obtained These sera contained precipitating visna
virus antibodies but were free of neutralizing
antibodies The presence of the immune sera was
found to enhance lymphocyte sumulation duning
the peak response However, there was n0 sigmfi
cant lymphocyte stmulation in the presence of
varyng concenitrations of immune sera at 8 weeks
after immunization when the skin reaction was stull
poi,\’“: ewere not successful in ldenuliymg wtshn: ‘gh‘;i
1 stimulating
teins that are active s stuy (8) sera

prof
response in rabbits In a p

visna virus 1n CFA can be expected to enhance the
Jesions, depending on the quantity and distnibution
of viral antigen This procedure should therefore
result 1n an increased number of infected sheep
showing climcal signs of visna In view of the
simular 1mmune responses in rabbits and sheep
imjected with visna virus tn CFA and the difficulues
wnvolved m workmg with a large number of sheep
we suggest that rabbits may be used as a model &
study the CMI reaction to visna virus anuigens i
the brain and other organs (5} However, un‘fﬁi a

visna virus infe can be lished
the rabbut the effect of enhanoed CMI reactions o
the pathogeness of the visna disease must events
ally be studied 1n sheep

We thank Hannah R Brown for electron mlcmscﬂp;i
examnation of purified virus and Kewh Ar;ﬂ;l
Anthony Borve and Marc Barshatzky for technx

assistance
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EFFECT OF IMMUNOSPECIFIC Fab FRAGMENTS
OF ANTIRENIN ON PLASMA RENIN AND BLOOD
PRESSURE

STIG LYKKEGARD

Department of Biochemistry The Royal Dental College Copenhagen Denmark

Lykkegird S Effect of mmunospecific Fab fragments of anurenn on plasma fenin and blood
pressure Acta path microbiol scand Sect C 8§ 179-185 1980

Aut mouse remn speaific Fab fragment was labelled with 251 and repunfied on an affintycolumn
with renin s Ligand 1n order to eliminate Fab fragments with a damaged antbody combtrung site The
12T tabelled Fab fragment, with addition of unlabelled Fab fragment was adminustered in v1vo to sialo-
d mice The serum curve of the Fab [ragments with the intact antibody
combiming site possessed two components with a half life of 120 mmn for the slowest component The
Temn specific Fab fragments snhibited the enzymatic acuvity of remn with a Kyvalue of 5 2 15 x
109 M compatible with competitve 1hibition The same Fab fragments were able to tnbibit 99% of
{he enzymauc acuve renin The admimistration of the Fab fragments caused a 34 fold increase in the
total concentration of plasma remn but the enzymauc acuvity was inhibited No decrease 10 blood

pressure was demonstrated in the animals

Key words Renin tnlubiuon Fab fragment pharmacokineus blood pressure
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Inhitators of the renin angiotensin system have
Rade 1t possible to define the role of remin 1n both
Physiologic and rpathologic situations and to under
$nd the response of the renn angiotensin system
103 vartety of interventions The mhibitors interfere
%ith the action of remun on plasma remn substrate
bocking converting enzyme i ts acuon on
angiotensin § or compete with angiotensin 11 at its
Teceptor site

The punification to homogenesty of remn from
the submaxillary glands of muce (5 2) rendered 1t
Possible 10 rase anubodies which inhubit the
£02ymatic activity of renin and block the action of
Terun on plasma remun substrate Rentn specific Fab
fragments prepared from these antibodies were
Sharacterzed 1n vitro (11), as to ther inhibitory
effect on the enzymatic actvity of renn The present
Paper deals with the effect of the mhibitory Fab
Tragments on the renn acvvity and the ‘blosg

pressure after itraarteniel admunstration 1 mice
The pharmacokinetsc of Fab fy ragments was studied
by measuring the rate of clearance of radiolabelled
Fab fragments from the blood

MATERIAL AND METHODS

Ammals Albino male mice of Da

nish Serum Insunite
strain weighing about S0

bressure a Tybjerg
SU1 recorder was used

Rabbit antt mouse rem,
prepared according 1o
immunized with

% specific Fab frapmenys were
Lykkegdrd (11) from rabbus
PLre mouse submaxiltary renn (5 1)






RESULTS

* The Serum Disappearance Rate of Remn Specific
® 13} labelled Fab fragments
47x10 1 mol of repunified 1251 labelled Fab
frigment with intact antibody combining site was
penasasingle bolus 1 a. to a stalo adenectomized
The serum rve of

Quantitatne Analysis of the Interaction of Remn
Specific Fab Fragments and Mouse Submaxiilary
Renin 1 vitro

The mhibition kinetics of Fab fragments in vitro
was studied 1n order to determine the Michachs
constant (Ke) the mhibstor constant (K and rate
constant (k2) values for Fab fragment as a
mhibitor of rerun and to use them 1n the

Fab fragments (Fig 1) had two components with a
1z values of 30 mn and 120 mun In order to
eahate the amount of free 51 and in no
degraded 135] labelled Fab fragments 1 the serum
saples Fab fragments were preciputated with anti

bt 1gG anubodies directed agamst hght and
bavy chans As seen i (Fig 1) the serum
dsppearance curves for the total counts and the
precpiated ¥5] Iabelled Fab fragments were al

most wentical indicating that the disappearance
arve represented the disappearance rate for ntact
. !"llabelled Fab fragments The addition of unla

« belled Fab fragments to 1257 labelled Fab {ragments
« 4 oot alter the serum disappearance curve for the
nadolaixlled Fab fragments
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Fg 1 Serum disappearance curves of rabbit ant mouse
Teun Fab fragments in sialo-adenectomized mice The
a1 are expressed as percentage of njected material
femaming in serum versus ume 10 mimutes The dotted
Yine 1ndicates direct measurements of 125] counts while
e sobd hine indicates determination of 1351 afiey
Precipitauon with anurabbit 13G (ight and heavy chains)
Tollowed by extensive washing (mean of 3 experiment)

evaluation of the effect of Fab fragments on renin in
wno The Km and K, values were determuned by
using varying concentrations of rat renin substrate
(S) and fixed concentrations of Fab fragments (I}
Lineweaver Burk plots of the enzymatic intubition
by Fab fragments are presented 1 (Fig 2) with
three different concentrations of Fab fragments The
data are with The
plot gives 2 hy value of 1792010 uM and a
maxmum veloaty (Vead of 3752021 x 108
Mxh ! The estimate of the hibitor constant (Ky)
1855215 x 10 M The calcutation of K was
made from the equation for competstive inhibttion
14

From equation{1] Vmay being ka X Eo.a ky-value
of 68x105 Mxh!' x GU' x m! was

P R

and the homologous substrate was performed with
substrate concentrations below the Michaelis con
stantand the Km value was greater than | 79 M

The Effect of An mouse Remn Specific Fab
Fragment on the Actnity of Remnt in vivo

Fab fragments were mected 12 to salo
adenectomized mice The plasma samples drawn at
different periods of tme after 17 vivo administration
of Fab fragments were incubated w,
concentrations of rat rentn
Matenial and Methods

ith varying
substrate as described 1n
The rate of generation of
angiotensin I and the titial velociues as a funcyon
of substrate concentration were presented in a Line
weaver Burk plot (Fig 3)

The total concentraion of
determrned from the inte:
described 1n Matery
obtained are shown
lower panel The
fold hugher Jevet

Plasma remin was
T5ection on the ordinate as
2l and Methods The values
as a function of tme 1n
Tenin concentration rose to a -4
than before njection

The Fab Sfragment concentration m plasmg asa
function of time Wwas calculated from the serum
disappearance curve of Fab fragmen (Fig 1) The
values are presented 1 Table | column B The Fab



125].1abelled rabbit anti-mouse renin specific Fab
Sfragments were prepared by using 5 pg Fab fragments
(Extinction coeffictent at 280 nm

(E1%, =15 3]00),

1n 50 pl 20 mM citrate buffer pH 3 0 Twenty-fivepl 05
M phosphate buffer pH 7 5 was added to [00 pCt of
carrierfree 1251 (Amersham IMS 30) contaned in [0 put

Fab fragments and radioactive odide were muxed just
before the addition of 25 pl 12 mM chloramine-T freshly
dissolved 1n 50 mM phosphate bulfer pH 7 5 (9) The
reaction time was 30 s with constant mixing, followed by
the addiuon of 100 pl 12 mM sodium metabisulfite
Fnally 100 pl 60 mM potassium todide containing | %
human alburmn was added and the muxture transferred
10 0 5% 30 em column of Sephadex G-25 fine (Pharma-
c1a) precoated with albumun The labelled Fab fragments
were eluted as a single peak which was diluted with 50
mM phosphate buffer pH 7 § containing 0 5% human
albumin and frozen immediately 1n small aliquots The
specific acuvity was calculated to be 116 pCifpg or
approximately 1 fodine atom per 10 molecules of Fab
fragments

Purification of 12%1-1abelled Fab fragmenis by affinity
chromatography Just before use the labelled Fab
fragments were applied to an affinety column, activated
CH-Sepharose 4M (Pharmacia) with pure submaxillary
renin as a ligand (11), 1n order to exclude the Fab
fragments which had been damaged at the antibody
combiming site during the labelling procedure After
extensive washing of the column with 20 mM phosphate
buffer pH 7 2 contamung ! M NaCl, the labelled Fab

with d d anubody site

were eluted with 20 mM citrate buffer pH 30 with 2
recovery of 17-18% The peak sample was dialyzed
extensively against distilled water before betng Iyophult

Fab fragments from the kinetic data was performed as
described below

Plasma remn concentrations Enzymatic acuve remn
was determined by the antibody trapping method (15)in
which angtotensin [ formed by the catalytic acuviy of
renin was captured and meastired by radioimmunologic
technique

Determination of the inhtbitor constant (KD The Kn
value for the reaction between pure submaxillary mouse
renm and rat or mouse renin substrate was deternuned s
described by Poulsen & Jorgensen (15) Twenty g
ahquots of a serial dilution of remn substrate were
incubated at "~ "7 L om
05 x 10-3
and § u of L
albumin When the wnhibitor constans Ky was determt
ned, the 5 pl Tris buffer was replaced with 5 1 of 2 Fab
fragment concentration of 31-123 x 109 M For
determination of the inhibitory effect of Fab fragmentsin
mouse plasma, the § p! pure submaxtllary renin was also
omitted and 5 ul of plasma samples diluted 1n 0IM
Tris-HC1 (pH 7 5) contarning 0 5% albumin was used

The tnhibitor constant (K1) and the Mrchaels constant
{Kum) were obtamned from a weighted least squares fitola
Lineweaver-Burk plot Each point was given 2 weight
proportional to the iiial velocity n

The indirect determnation of the Fab fragment and
remn concentration in plasma After tn viyo administa
tton of anu-mouse renin specific Fab {ragments plasma
samples were drawn at different pertod of ume The
samples, contaimng both remn and Fab fragments, were
incubated with a sersal dilution of rat rems substrate
under essentsally the same conditions as above The rates
of generauon or mtal velocities as a funcuon of
substrate concentration Were fitted to a Lineweaver Burk
plot (Fig 3} Assurung compeutive inhibition (6) the

vetocity (Vmax) was calculated from the point
the equation of

zed The labelled Fab were Ived m 0 15
M NaCl contamning 0 1% pure human albumin {Beh-
ringwerke}

Blood sampling Blood samples were drawn from the
femoral artery 1n a volume of approximately 30 pl at s
10, 20, 30, 60, 90, 120 and 180 mun after inyection of
125 abelled Fab fragments of various specific activity
After centnifugation the samples were stored at =20 °C
unul analyzed

Measurements of plasma Fab fragmenis The direct
determination of Fab fragments i plasma was carried
out by measurtng the '35 counts 10 § pl samples diluted
1 100 p! 50 mM phosphate bufler pH 7 5, comtaining
05% human albumin and a known small amount of
normal rabhit plasma as carrier 1gG After counting the
samples 50wl hog anurabbit 1gG (hght and heavy
chains) (DAKO) of an appropriate dilution was added 1n
order to specifically precipitate 1251 labelled fab frag-
ments The samples were Incubated 24 h 2t 4 °C After
sncubation 2 0 ml 50 mM phosphate buffer pH 7 5 was
added to the tubes and they were centrifuged at JOOZOOg
for 30 min The supernatant was removed except for

ntatming the precipitate
fipf:wff lhrgee ur::s and the radioactvity 38 ﬂ:r
precipitate was counted The indirect determinalion

of intersection on the ordinates From
Vmsbeing kax Eo (1] the remn concentrations were
calculated, using the kj-value determined by usiog
known remn (Eo) vatues (Fig 2) From the 1ntersection
on the abcissa, corresvonclimg to
- @
1

the nhibstor concentratton (1) was calculated (F1g 3} bY
using Km- and k-values as determuned above

The degree of enzymatic inhibison of rein 10 VIKO
The concentration of renin Fab fragments and the ht
vatue are used to determme the degree of enzymatic
tnhibition of remn mn wno as follows The reacuon
between remn and Fab fragment meets the requirements
of the law of mass acton
= Ka(Abo—-®3}
n concentration Abo being the
b fragments % being the remo
betng the mverse M
3] 15 the rauo berween
ration at equihibriu®
f inhibtwon can B

X
Ago— X

Ago being the total rens
total concentration of Fal
Fab fragment complex and Ka
value The left stde of equation [
bound and free antigen concent
from which the percentage O
calculated
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RESULTS

The Serum Disappearance Rate of Remn Specific
131 lobelled Fab fragments

47%10 Y mot of repunfied 125 labelled Fab
fragment with ntact antibody combining site was
gvenzs asingle bolus 1 o a sialo-adenectomized
conscious mouse The serum disappearance curve of
Fab fragments (Fig 1) had two components with a
ty values of 30 mun and 120 mun In order to
aaluate the amount of free 21 and in vivo
degraded 125] labelled Fab fragments tn the serum
sunples Fab fragments were precipitated with anti
fabbt 13G antibodies directed aganst hight and
beavy chans As seen m (Fig 1) the serum
Gsappearance curves for the total counts and the
pecpitated 125 labelled Fab fragments were al
@ost wdentical indicating that the disappearance
Qurve represented the disappearance rate for imtact
“Slabelled Fab fragments The addition of unla
telled Fab fragments to 1251 abelled Fab {ragrments
ddnot alter the serum disappearance curve for the
Tadiolabelled Fab fragments
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Quanutative Analysts of the Interaction of Remn
Specific Fab Fragments and Mouse Submaxillary
Remun i vitro

The mhibttion kinetics of Fab fragments in vitro
was studied 1n order to determuine the Michaels
constant (Km) the mhibitor constant (K and rate
constant (k) values for Fab fragment as a
competitive inhibitor of renin and to use them in the
evaluation of the effect of Fab fragments on renin in
wvivo The Km and kg values were determined by
using varying concentrations of rat renin substrate
(8) and fixed concentrations of Fab fragments (1)
Lineweaver Burk plots of the enzymatic tnhsbitton
by Fab fragments are presented n (Fig 2} with
three different concentrations of Fab fragments The
data with b The
plot gives 2 Ky value of 1792010 pM and a
maximum velocty (Vmad of 375021 x 108
Mxh ! The esumate of the imhibstor constant {K;)
1555215 x 10 %M The calculation of Ky was
made from the equation for competitive mhibition
149

Ve
T T,
1+de el

From equation [1] Vi, bemg k3% E, 2 ky-value
of §8X105 Mxh! x GU! x ml was
calculated from the known concentration of remn

* and the intercept on the ordinate (f,

The reaction between mouse submaxillary remun
and the homologous substrate was performed with
substrate concentrattons below the Michaelis con
stant and the K, value was greater than 1 79 M

The Effect of Anti mouse Renin Specific Fab
Fragment on the Actonty of Renint in vivo

Fab fragments were mected 12 o salo-
adenectam 7ad o a T

¢
¢

utientrduons of rat rerin substrate as descry o

Material and Methods The rate of generall‘:: ::;‘

angsotensin I and the imtiat velocittes as a function

of substrate concentration were Presented 10 3 Line

weaver Burk plot (Fig 3)
The total

02030 60 %0 20 80
Time [mun)
Fe I Serum disappearance curves of rabbit ant mouse
Te0n Fab fragments 1n sialo-adenectomized mice The
G are expressed as percentage of injected matena)
TeMalnng 1n serum versus ume 11 midutes The dotted
1% \ndicates direct measurements of 1351 counts white
B¢ 3old e indicates determunation of 1251 afyer
Precipiiaon with anuirabbit 1gG (hght and heavy chayng)
lollow.ed by extenstve washing (mean of 3 experiment)

of plasma renin was
TSECuOn on the ordinate as
and Methods The values

determened from the inte;

The Fab fragmen;
funcuon of tme w,
disappearance curve
values are presented

concentration i plasmg ag a
s calculated from the serum
of Fab fragmeny (Fig 1) The
n Table 1 colump B The Fab
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Fig 2 A Lineweaver Burk plot of the reaction between submaxillary renin and rat renin substrate in the presence of
varying concentrations of rabbit anti mouse renin specific Fab fragments The concentrations of renm was $ 0x 104
GU/m! and the incubation ttme was | 0hat 37 °C,pH 7 § The concentration of Fab fragments was 00 3 1107
M,93x10-9Mand 12 3x 10-9M

fragment concentration was also determuined di-  obtamed before admunistration of Fab fragments
rectly from the intersecion on the abcissa as  (Table f column C)

described tn Matenial and Methods Only the mitial The association constant (K,) for the reaction
value was statistically significant to the value  between submaxilary renin and Fab fragment wes
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Fig 4 The upper pane) shows the mean anerial blood

%0 120 180

Tma twe}

pressure after intraartensal admumistrauon of 1 8% 10-% mol
reun specific Fab fragment The lower panel shows the corresponding remn ton

centrauon in plasma The 1enin

concentration 1s the mean of 3 expenments for the sialoadenectomized mice () and a single determunation for the

salo adenectomized and nephrectomuzed mouse (O)

determined as the mverse of the Kjvalve (see
bove)

The percent mhibutton of plasma renin could now
b determined as descnbed . Materal and
Methods from the fotal concentration of plasma
femn the concentration of the Fab fragement and the
socation constant (Table | column A) The
Preentage of remn 1n mouse plasma Which was

nd and enzymatcally inhibited by Fab frag
Teats was more than 99% wally Even after 2
bours 9% was mibited

The blood pressure responses are shown in Fig 4
The blood pressure was unnfluenced by admim
stration of Fab fragments (n=5) The nse of 3-4
times 1n the concentration of remn (Fig 4) was in
accordance with an effect on the direct negative
feedback of angiotensin 11 on remn secretion (8)
Even after this r1se 1n the concentration of renm the
enzymatic actvity was totally inhibsted (Table 1) In
a sumilar experiment with nephrectomuzed mice the
renin concentration was 8 0% 104 GU/m! and
remained at the same low level afier admmstrapon

TABLE | The Concentration of Fab Fragment in Plasma and she Corresponding Renin Acuvity Inpubited

The Fab fragment conc 1n plasma

A B C
Time (mu} Renun acuvity Data from Dat fr
mlubited 10 plasma Fg 1 ‘m ';m

10 994% T5%107M 3 1
2 3% §0x 1070 =oaxeTM
30 991% 48x10-TM _
40 98 8% 29%10 M -
90 982% 210x107M -
120 979% 17x10-7M
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Fig 2 A Lineweaver-Burk plot of the reaction between submarxillary retun and rat renin substrate 1n the presenct of
varying of rabbit ant)-m remm specific Fab fragments The concentrations of remn was S 0x 104

GU/mf and the incubayion time was 1 O hat 37 °C, pH 7 5 The concentration of Fab fragments was 00,3 1x 16
M,93x10-Mand 123x10-9M

H
fragment concentration was also determined di-  obtamned before admumstration of Fab fragments
rectly from the intersection on the abcissa as  (Table ! column C)
described 1n Material and Methods Only the intial The association constant (K,) for the reactiol
value was statistically sigmficant to the value between submaxilary remin and Fab fragment W&
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omeostasis 1l the dog Circulation Res 37 30-34

1975

Hunter W M & Greenwood F C Preparation of
1odine 131 labelled buman growth hormone of high
spectfic acuvity Nature 794 495-496 1962

Lie J R & Donokue H Spectral properues of
proteics and small molecules of immunological
wierest. In Wil ams € 4 & Chmt MW lEﬂs)
Methods 1 1

-

=

by

Intubiwon of human unnary  kallikrem
(Urokalliksein) by antierzyme Fab J Immunol
121 66-7% 1978

Poutsen K Kinetics of the renm system Scand J
chin Lab lavest. 31 suppl 132 1973

Poulsen K & Jergensen J An easy rrdioimmuno-
logical microassay of remin acuvity concentration
and subswrate 10 human and amimal plasma and
tissues based on angtotensin | trapping by anubody
l Clin Endocnn Metabol 39 316-325 1973

vol 1T Acad Press New York 346~364 1963
Lykkegard S Punficauon and characerization of
rabbutanty mouse rewn specific Fab fragments Acta
Tl microtiol scand Sect T 87 91-97 1979
Maling C & Poulsen K A dirsst radioimmuno-
a3y for plasma renm 1 mice and ns evalvation.
Buochues et Biophys Acta 491 532-541 1977
13 Ole Moot D Spragg J & Austen K F

3

berg H L & Wegle B O The catabolism
of homologous and beterologous 7 S gamma
globulin fregments J exp Med f21 323-338
1965
Wochner R D Sirober W & Waldmana T A
The role of the kidney i the catabolism of Bence
Jones protein and ymmunoglobulin fragments J
exp Med 126 207-221 1967



of Fab fragments In both cases the blood pressure
remained stable during the test period, as indicated
m Fig 4

DISCUSSION

The in vno administraton of punified Fab frag-
ments directed agamnst the mouse remin, has
permitted us to study the role, the renin angiotensin
system plays mn vascular homeostasis in mice The
participation of the remin-angiotensin system 1n the
h of blood p mn mice has been
studied previously by Bing & Poulsen (4) by
blockade of the renun system sn order to see whether
both renal and submanillary remn participated
the homeostasis The study was performed with
i

Table 1, the Fab fragment concentration in column
B and C was similar, and column B was caleulzted
‘Wwith the assumption that the K,-values were similar

for plasma renin and pure submaxillary remn This s
ndicated Similanty 1n K,-values for plasma and |

pure submaxillary renin The 3—4 fold increase
the 10tal concentration of remin (though bound) m
plasma after the Fab fragment administration a5
seen i Fig 4, 15 probably a result of ™o
parameters  Furstly, an accumulation of secreted
renin and secondly a result of a blocked negatne
feed-back mechanism on renin secretion As indie
ted in Table 1 column A, the Fab fragment
concentration after 60 min was still able to inhibi
the remin activity completely In order to s
whether or not this interference of the negatne feed
back h with Fab fragment was due ©

fi of a o ve it

[ ) or an of 1 conver-
ting enzyme (SA 20 881) and the results clearly
indicated that only renal renm parucipated 1n the
h The serum disapp rate curve of
the repunfied 1251.1abelled Fab fragment, with or

renal renin, the Fab fragment was also used 1
nephrectomized mice The result as sndicated 10
{Fig 4) showed no rise i plasma renm concentd
tion The blood pressure was the same before and
after administration of Fab fragments

without the add of unlabelled Fab fi
possessed two components with t ; of 120 mun for
the slowest component Previous studies of the
ance rate of | 1 and heterologous

immunoglobulin fragments from serum 1n rats (1,
16) showed a halflife for the Fab fragments of less
than 60 min and 102 min respectively Studies by
Wochner et al (17} of the disappearance rate for
rabbit Fab fragments in mice were performed as a
whole body catabolic disappearance rate and show-
ed a halfife of 216 min for the Fab fragments
The discrepancy between the halfife of 216 mmn
found by Wochner et al {17) and the hatfife of 120
min (Fig 1) may be explained by the distribution of
Fab fragments 1n an extravascular pool

The interaction of enzymes with their specific
antibodies frequently causes mhibition of function
by either noncompetiuve (2) or compettive (13)
mecharisms The Lineweaver Burk plottn Fig 2 1§
1n agreement with a competitive mhibition with an
inhitor constant (Kp) of § 5% 1 5x [0-* M, indica
ting that the affimty of the Fab fragment (k,) for
a site required for the enzymauc acuvity of remun 1s
two orders of a magnitude higher than the
Michaehs constant (Km) for the reaction between
renn and 1ts homologous substrate

The calculation of the percentage of renin which
1s mhibited by Fab fragments. is based on the
assumption that the kinetic constant of the reaction
of plasma remn and submaxillary renin were the
same Stnce plasma remn was not pure and ‘”:?

The author 1s grateful to ¢ Mayland Smuck Liskih
Larsen and Anette L Hansen for technical assistanc®
The work was supported 10 part by the Danish Medica
Research Counail P Carl Petersen Foundation and ¢
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Asmple rapid and sensitve

method for

Clg binding to bacteria 15

deseribed Various bacteria were shown to hind Clgq without the paruapatton of antibodies Great
& Tlerences 1n C1q binding levels Between different types and stramns of 5 preumomae were found A
high uptake of Clq was observed for many pneumnococzal stramns of type V1 X1X and XXIII and also
for non typable strains of H nfluenae and B catarrhahs Other bacteria tested includmg H
influen ge types a~f demonstrated less capaaity to bind Clq

Xey words Complement Clghinding substances pevmococct baemophius branhamelta
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Decreased serum levels of C1, with concomutant
tormal or elevated levels of Clr and Cls are found
It many paents with otius media (2 7) Recently
Wehave reposted Cy g binding substances 1n the sera
nd muddle ear effusions of such patients (7) The
Oature of these Clq binding substances have not

I recogmized but they may represent

fogy Umversuy Hospstal Lund for bacteriologrcal
examingtion  The bactenia were 37 strams of §
preumoniae of which 3 were type I 4 were wype IIf 4
were type VI 4 were type XIV 4 were type XVIII 13
were type XIX and 5 were type XXIIT 22 straws of H
tnfluen ae of which 2 were typea 7 were type b 3 mere
type ¢ 3 were type ¢ 3 were type fand 4 were non

typable B catarrhalis 7stramns £ cobr 4 § aureus 4

of anubodies and bacterial anugens Loos ef af (8)
have shown that the first component of comple
Teat, C1 binds to bacterial

N saprophyticus 2 group A
streptococeus 1 group B streptococt 2 group C
streptococet 2 20d S faecalts 2 suearns,

s

(LPS) without the presence of antibodies and they
5o demonssrated that mtact bacteria such as E colt
3 X preymomae had this capacity (9)

In the present study a method to

B nfluen ae and E con were
Wenufied according to convenuonal methods  The

preumococcal serotypes were determined By the Qued
tung reaction of Neufeld (10)

Make of Cl, by intact bactera was designed
acterial species known to cause acute otis media
! children were investigated regarding their capa
¥ 1o bind Cl4 independently of the presence of
nubodies.

MATERIAL AND METHODS

‘actertal Sirains and Suspensions
Eighty-seven strains were obtaned from clymical
Pecimens sent (o the Department of Medical Microbso-

H influen z¢ were yped
he 3)' shg:d s B was wdenufied as
doscribed by Ramme (3) Toe S aureus 5 epudermides
vonal
an
S fae
o

- 2 0% babiklid were washed three
sucrose veronal buffer (SVB). g 27 motes sucr:s’:‘ 2";
mmoles sodium barbual ¢ 1 mmal Ca*+ ap4 g

187
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eased serum fevels of Clq with concomitant
formal of efevated levels of Clr and Cls are found
 many patients with ous media (2 7) Recently
e have reported C1, binding substances 1n the sera
4 muddle ear effusions of such patients (1) The
ature of these Clg binding substances have not
" recognized but they may represent complexes
o Bubodies and bactersat anugens Loos et af (8)
have shown that the first companent of compte
%t Cl binds to bactersal harides

Uversity Hospttal S 22185 Lund Sweden

togy Unwersity Hospita! Lund for bacterologicat
exammation The bactera were 37 strams of §
preumoriae of which 3 were type I 4 were type III 4
were type VI 4 were type XIV 4 were type XVIIT 13
were type XIX and § were type XXIIT 22 strains of
influen ae of which 2 were typea 7 were 1ypeb 3 were
type ¢ 3 were type d 3 were type I and 4 were non
typable B catarrhats Tstrams £ coh 4 S aureus 4
S epdermids 2 S saprophyucus 2 group A
streptococcus | group B streptococes 2 group C
streptococcs 2 and § faecalrs 2 stramns
N

LPS} without the presence of antbodies and they
150 demonstrated that mtact bactersa such as £ cols
MK preumoniae had thus capacity (9)

In the present study a method to the

H nfluen-ge and E ool were
wentified according o convenuonal methods  The
pneumococcal seforypes were. determined by the Quel
lung reaction of Neufeld (10} H snfluen.ae were types
by shide B

Plake of Clg by imtact bacteria was designed
adterial species known to cause acute ottis media
" chuldren were investigated regarding their capa
1 o bind Clq mdependently of the presence of
Nibodies

MATERIAL AND METHODS

lactenal Stra ns and Suspensions
ghty seven strains were obtay

ined from clingcal
emens sent to the

Department of Medicat Miceobio
i~

was identified as
described by Kamme (3) The § aureus S epidermud s
amA © .
u

s

u itjiuenae strans and B catarrhatis strains were
obtained from hemann agar plates incubated a¢ 37 °C for
18 hours i 6% CO, athmosphere The other strarns
were incubated n 20 mi Todd Hewitt broth at 37 oC for
18 hours The bacierta were washed three times n
suctose veronal buffer (SVR) 027 moles sucrase 25
mmoles sodum barbital 01 mmol Ca*» 2nd 05
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mmol Mg* * per liter pH 72 The bactenal suspen
sions were adjusted to Asso = 070 by opaaty
deter The were ten
times by centrifugation before use in the Clg binding
assay

Clg
Clqwas punfied from fresh human serum according
to bolanakis & Stroud (14) The punfied Clq was
labelled with 1251 as described by Sobef ef af (12) and
stored at -80°C '3[ Clg 03 mg/ml m 0t M
phosphate buffer pH 70 was centnfuged at 13000 g
for 5 muin m a Bechman microfuge before each
experiment

Estmanon of the Capacins of Bacteria to Bind Cly

Panapally the procedure described by Sobel ¢f al
(12) for binding of Clg to sensitized sheep cells (EA)
was followed 200 ut of SVB 100 ul of the bactenal
suspension 1o be tested and 10 pl of 1281 C1q was mixed
Two hundred pl of the mixture was layered on 150 pl of
a 409 sucrose solution 1n 005 M sodium phosphate
buffer pH 70 1na 400 pt polyethylene microfuge tube
(Beckman Instruments Inc  Chimical Instrument Divi
sion Fullerton Calf) After centnifugation at 13000 g
for 15 mun the tube was clamped with a hemostat above
the sedimented bacteria and the up cut off The
radioactivity 1 the pellet and the supernatant was
measured 1n an LKB Waltac 1270 Rackgamma gamma
radiation counter (A B Biotec Stochholm Sweden)
The C1q uptake by the bactenal sediment was calculated
as a percentage of the radioactvaty of the towal Clq
added

RESULTS

Methodological Im estigation

Incubation temperature  The uptake of 125
1abelled Clq by different strains of pneumococc: and
E colt was tested at 0°C 20°C and 37°C
mamntainng the incubation tme at 20 mun and the
conductance of the buffer at 7 mmho/em  Increa
sine the temperature from 0 °C to 20 °C increased
the Clquptahe by S preumoniac type NI\ from 35
(0 72 per cent and by £ coft from 22 to 38 per cent
At 37 °C the Clq uptake was ncreased further to
80 and S0 per cent respectively (Fig 1) For
pracucal reasons an incubation temperature of
20 °C was used 1 the following experiments

Incubanon ume The Clq uptake at 20 °C was
determuned after incubation of the reagent nuxture
for 0 5 10 20 30 60and 120 mn respectively
buffer used was 7 mmho/
f the total amount of Clq
mcubation was taken up
This result was obtained
rae type VI X1V
e capacity of S
at varous

The conductance of the
cm Nimety per cent ol
bound dunng 120 min
within the first 10 mm
with all strains tested (§ peumo
XVIII \IX and E col) Th

pncumonide 1ype XIX to bind Clg

€1 uptake (per ¢
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I:I S pneumon s« type X X

£oo
Fig 1 Binding of 151 Clqto S prcumon ae type \I\
and to £ coli at different incubation temperatures

\ncubation times 1s shown m Fig 2 An incuba B
time of 20 min was used 1 the following stud &
Conductance The effect of varying the condus
tance of the SV buffer used 1 the expenments ¥
mvestigated Clg uptahe was determined for ont
stram of each S pneumonae type VI AVAIRYAY
\\IIl and one £ coft strain The highest fevel of
Clq binding was obtaned between 7 and 9 mmh(:d
em Further mcrease of the conductance dimunish
the Clq uptake on the bacteria as Austrated $ith S
preumoniae type \\lilmnFg 3 Inthe foﬂo\\lr:z
expeniments 2 conductance of 7 mmbho/cm %
used
Vananon n the ralues for uptake of Cle. TH
uptake of Clq was measured for one stran ol'c=|20
S prieunomae type 1l and type A\ culturedn .
m! Todd Hewur broth at 5 and 13 dufferen
occasions respectively using one Clq preparaticlt
The Clq uptahe was expressed as a pcrccmizfd
mean 2 1SD and was for type 1 99 = 38an
for type N\ 768 * 48
When different batches o
numerical values for Clgq uptake dife .
strain of S preumontae (type \I%) Clg uptahe
varied from 59 to 80 per cent Howewer the
relation between the Clq uptake for different
bacterial stramns was not influenced by the Cla
preparation used
In control experiments unlabelled [}
(o inhibut the uptake of radio labelled Cla

f Clg were used the
red For ont

1qwas found
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Bnd ng of C1, to D fferent Bactersa

The results of Clq binding of varous types of
pneumococey and M influenzae as well as of B
catarrhal s and E coks are presented n Fig 4

Non typable H influen.ae had the highest Clg
bnding capacity varymng between 87 and 92 per
cent for the four strains tested H influenzae type a
b ¢ d and f demonstrated less Clg binding and
greater varianon between different strains {3-55 per
ent) Al strans of B catarrhal s produced high
and constant C1 , binding values (62 to 76 per cent)

The Cl, uptake of the different §

20|
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Fig 7 Bundngof 1¥IClqt0 § preumontae type XXII
as a function of the conductance of the buffer

noted between dilferent strans of S preumoniae
type! VI XIV XVII XIX and XXIII A total of
twenty stramns of type V1 XIX and XXIII were
tested and eleven of these demonstrated Cl binding
levels greater than 60 per cent

Four strans of £ cols tested demonstrated Cly
uptake of between 31 and 40 per cent

Sureptococcus group A B C G and S faecaly
bound Clg at levels berween 27 and 55 per cent.
The Clq uptake for four strains of § aureus was
between 34 and 54 per cent. Two strams each of §

types varied AN type 1II strans tested gave low
vajues (5 to 14 per cent) Marked variation were

W W e

] and S dermidis tested produced
Clq binding levels about 20 and 35 per cent
respectively
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DISCUSSION

The method described here for demonstrating Clq
binding to bacteria 18 simple rapid and sensitive
This study presents the capacity of various bacteria
to bind C1, without the participation of antibodies

Our results concerming Cl, uptake by £ colt
Were 1n accordance with the findings of Loos ef al
{9} Furthermore we found that other bacteria
gram posiive and gram negative demonstrated
even higher Clq binding

In acute purulent ottis media S preumonae 1s
the most common causative agent followed by #
mfluenzae and B catarrhals (6) Among preumo
coccr we found a great difference 1n Clg binding
levels between the different types and strains A
high degree of Cl4 uptake was observed for many
strains of types VI XIX and XXIII which are the
serotypes most often 1solated 1n pneumococcal otitis
n young children (4) Otiis media caused by H
influenzae 1s 1 85 per cent provided for by non
typable strains (5) In this investigation a striking
difference in Clq uptake was demonstrated between
H influenzac typea b ¢ d fand the non typable
strans The Clq uptake with typable # influenzae
strains varied from 5 to S5 per cent while non
typable strains produced values of about 90 per
cent A high binding capacity (approximately 70 per
cent) was also demonstrated with different strains of
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STRUCTURE AND FUNCTION OF HUMAN EFFUSION
MACROPHAGES FROM PATIENTS WITH MALIGNANT
AND BRENIGN DISEASE

1 Isolanon Morphology Prolferation and Phagocytosss
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Hammerstrom ] Structure and function of human effuston macrophages from patients with malignant
and bemgn disease 1 Isolation and Acta path microbiol
scand Sect C 88 191 200 1980

The whammatory cell composiuon of pleural or asaue effusion fuds from {3 panents with malignant
disease and 8 pauents with benign disease was analyzed The macrophage content in the effusions was
41x105 £ 13 cells/ml {mean = SEM) with large varsaton (range 01 — 27 9% 105 cells/mf)
among patients Magor blood cell contammation was excluded by the finding of low red blood cell/
nucleated celt ratios i the effusions Effusion macrophages were solated by Ficoll/Isopague
centnifuganon and plastic adherence Monolayers of > 90% o napthyl-esterase posiuve and/or
phagocyte cefls were produced w most experiments Adherent effusion cells incorporated fow amounts
of methyl JH thymudine (methyl 3H TdR) Most cells 1n DNA synthesis were removed by trypsit
(ndicating that they were not macrophages Lymphokine supernatants ynduced increased methy! 3H TdR
mcorporation m adherent cells 1n 3 of 8 and of ph cells
was evident 1 one expenment Tods T o nt 7 - b

syatbesss shighly Effusion mact
blood monocytes The ability t¢

e

e f a4
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.
alier 4-8 days in v 110

Key words Tumour lymphokines endotoun Coryebacterium paryum
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The concept of mononuclear phagocytes beng

1s known about th
‘mportant effector ¢ells M hosy resistance against ese

cells In animal model

presumably more gelevant

neoplasia {13) 1s supported by numerous repons
concernung the effects of in virro manipulation of
Tacrophages obtained from normal animals (see § 3
for ref) Atempts to analyze the funcuon of
macrophages 1solated dirently from the wumour site
are fraught with technical problems and much less

1S macropha,
Prozumnent feature of Foags May be a

umour infj
2932 41 43) Thw e o LSS (210 20
s
to

Phage mediated tumouy

£ cell toxicity con . oe
vely with 1 4v0 tum ty correlates posy

our regression (30) immuno.



genicity (25), and low metastasizing capacity (25,
41) 1n some, but not 1n all (12), systems

In man, mononuclear cell mfiltratton 1n cancer
tissue 1S probably positively correlated with a
favourable prognosis (5, 6, 24, 28) Functional
analysis of tumour-infiltrating lymphocytes has

the wells Adherence of macrophages was allow ed for 90
mn at 37 °C, 10% CO; The plates were shaken J times
during ths period to ensure contact of all macrophages
with plastic The non adherent cells were then pipetted
off, and the monolayers washed vigourously § tmes
with jets of warm HBSS In some expenments the
S were exposed to 0 25% trypsin (Gibeo) for §

often failed to d rate fi cytotoxic
responses (35, 39) The mfiltrating cells 1n sohd
human tumours often contain a signtficant fraction
of macrophages (I, 22, 42) and macrophages may
be more numerous 1n primary tumours than in
metastases (1) Observations on the possible cyto-
toxic activity of human tumour-associated macro-
phages have been lacking unul recently, but during
the course of this work, two reports indicating that
these cells may exert cytotoxic influence on tumour
cells have appeared (26, 40)

Isolation of wiable macrophages from sohd
human tumours requires prolonged exposure to
enzymes (1], 40} that may modify macrophage
function by, for instance, removal of membrane
receptors {4) Enzyme exposure can, however, be
circumvented by isolating macrophages from tu-
mour-associated eflusions

In this paper, I present data on the solation
vitro culture, morphology and phagocytosis of
human pleural or peritoneal effusion macrophages
(PEM) from patients with malignant or benign
disease In the following papers, the results of
experiments analyzing the cytotoxic activity of these
cells (17) and the lymphokine production m effuston
lymphocytes (18) will be reported

MATERIALS AND METHODS

Human pleural or peritoncal «ffuston macrophages
(PEM) Fffusions were collected sterile on polyethylene
plastic bags with heparin 10-20 [U/mi as anucoagulant
Ncne of the patents had received cytostatic treatment
during the last 6 months Bacteriological tests made on
all samples were negative An aliquot of the fluid was
centrsfuged and rapidly air dned drop preparations
made from the pellet of unseparated cells The fluid was
(iltered through sterile gauze to remove gross debris and
150-200 m! layered 1n altquots on cold (4 °C} Ficoll/
Isopague (Lymphoprep Nyegaard & Co Oslo} and
centnifuged for 15 men at 800 G (14) The mononuciear
cell layer was washed twice with Hanks balanced salt
solutton (HBSS) and the macrophage content evaluated
in drop preparations stuned with Giemsa W;Lsho(;
mononuclear effusion cells were suspended tn RPM

1640 (Gibco Bro Cult  Glasgow) supplemented wu:
259% human AB Rh* serum ‘0 I mM‘! glummx‘nc arin

© 16 mm) or on ctrcular 14 mm glass COVEISIPS 1yship v
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min after 3 washes followed by 3 additiona! washes
with HBSS The macrophage content of the monolayers
was assayed by phagocytosis of heat killed Cand da
albicans (19) or a naphthy! esterase staimng (21) and
cultures containing less than 90% phagocyuc and/or
dilfusely esterase positive cells were not used for
cytotoxicity studees (17) Cultures not used immediately
for studies were supplied with 0 § m! fresh HS Monday
1 4 and 8 of i vurro culture

Human monocytes were obtained from defibrinated
venous blood by Ficoll/Isopaque centnfugation and
plastic adherence as described m (14)

Cell counts Cells 1n suspension were counted on a8
automatc partcle counter (Coulter Model Fn) Live cells
1n monolayer culture were counted visually 1 covershp

mounted as a mic ber (14 44)by the
ad of an eyegnd Differential counts were performed
visually on May Grunwald Giemsa statned drop prepa
rations of unseparated effuston cells countng at least
200 cells 1 exch preparation Evaluation of the differeat
cell types was made by standard critena (23) Idenufica
tion of PEM was checked agamnst a naphthyl esterase
stained preparations 1n cases of doubt The distincion
between tumour cells and mesothehal cells was somé
umes difficult and must be regarded as approvimate in
some of the malignant cases

Morphological studies were performed on coversh;)
preparanons with a microchamber technique {14 44
Live cells were photographed with phase contrast opucs
(Leitz Laborlux) and automatic photographic equipment
(Lettz Orthomat) on Agfapan 100 film

FPhagocytosis of 1251 labelled Candida albicans #as
assayed as described 1n (19) Briefly the mononucltl;
phagocyte monolayers were incubated with 03 ml :1
fresh HS M with 3 33 105 heat killed 1251 Tabell
Candida particles per ml for 15 min Extraceffular
particles were removed by 3 washes with HBSS and the
number of ingested particles per cell counted visually 10
coverslip counting 30 phagocytc cells ':

each preparaton Digestion of ingested Candida “;
assayed by adding 0 5 ml HS M tcubating the cultur
for 18 hours and then harvesung the cultures &
described 1n (19) Radioactivity was determined separd
tely im the cell free supernatant the detached cells and the
adherent cell lysate by gamma radiaton countng
Digestion capacity was calculated as

fcpm supernatant) q
(cpm adherent cells + cpm supernatant + cpm: detached oxii

100 x

Cell detachment during the digeston period was
calculated as

{m detached cetls)
Tcpm adherent cells + cpm supernatant + cpm detached cells!

100 %

~



v Toul ingested cpm was 33459 = 7780 cpm (mean =
< SEM 9 4 PEW)
“
D\t svmihesis 1 adherent cells was determined by
« g 10 4Ci methy} 3H thymidine {methyl SH TR
2 % 31 § C/m\) pey culwure and tanestog and
A processang the cells for hquid scintillation counung after
= ¥bours of methyl JH TdR incorporation as desctibed in
- 04
Endoorn (LPS), Corynebactenum parvum (Cp) and
bukoie O4F) treatment LPS from E colr 026 B6
- Sgm (19 01 pe/mt talied Cp (Propionobactertum
odim | CN 6966) (15) 5 pe/ml or Cp induced
¥ephoture supernatants contarung monocyte asuva
0% loors (MAF) diluted 12 {15) was added to PEM
295 aS deseribed in (17)

Fig | Thres adenocarcinoma cells {lasge nucler center)
with atuached mflammatory cells (Pauent B) Cells

denufied as 1 the ongy
nal preparation are indicated by arrows the rest are
probably lymphocytes May-Grunwald-Giemsa-stained
preparaton of Ficoll/lsopaque-separated effusion celts
x 400

TABLE | Patterss diagnosis compostuian of effusion cells and cell 3ield from the wsolanon procedure
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RESULTS

Patient Matersal Composition of Effusion Cells and
PEM Yield from Ficoll{Isopague Separation

The differential cell counts 1 May Grunwald-
Giemsa stained preparations of unseparated effusion
cells the mononuclear cell yield and the macro-
phage yield from effusion fluid are given im Table [,

104

along with the diagnosis Both the total cell content
and the relanve proportion of the different cell types
found varied widely between patients, probably
reflectng the heterogeneity of diseases and diseasé
localizatton and stage The average macrophage
yield from effusion flurd was 4 1 x 1032 1 3 cells/
ml(mean + SEM), but with a wide range (Table 1)
The figures are not corrected for cell loss durnng



Fg 2 2 PEM immediately after 1solauon (Patient (o}

& PEM from the same efTusion a¢ 1n a (Patient € 15 mun after addwon of Candida atbicans

¢ PEM unmedrately afier 1solation (Patient L)

4 PEM from the same effuston as in ¢ (Patrent L) after 18 hours of culture Note contraction of the cells and apparent

reduction of phase-dense granules

¢. Blood monocytes immediately after 1solation (Healthy control)

{ Blood momocyses afier 8 days of 1 visro culture

g PEM with mamly monocyte like morphology (Patient Q) tmmedately after isolaton
b PEM from the same effusion as i g (Patent Q) after 8 days of 1 vitro culre
L PEM with more differentiated macrophage morphology large well spread cells With numerous granufes

mmediately after 1solation (Patient S)

3 PEM farrows) from the same effusion as 1n 3 {Pauent S) after 8 days of i witro culture The other cxlls are

prol feraung mesothelial cells Live cells x 400

separation so that the actual macrophage content 16
effusion fnd was probably somewhat Tugher

The red blood celi (RBC)/leucocyte ratio was low
except 1n one case (Patient 1) compared to the ratio
of appronimately 300 found 1n the penipheral blood
of cancer patients (22) ndicating that the presence
of effusion leukocytes did not result from simple
airvasaton of blood mio the serous cawity
Macrophages andfor fymphocytes m gontact with
tumour cells even after wigorous pipetting and
vortex minng of the cell suspension were found in
some effusions (Fig 1) No clear correlation
betmeen mflammatory cell content or type and
dagnosss or disease progression could be found
Data on survival were available for 10 patients with
malignant disease In this group survival was 32 =
35 (mean £ SD) days after coliecon of the fimd
Notte had regresstons that could not be attributed to
tonventional cytostatic or surgtcal therapy
Isolation of PEM

Tn rat o = o

“ b wsmw g wnveiuy lemoved by
Vigorous  washmg As mononuclear phagocyte
Spreading on plasuc can occur 1n the absence of
serum (8) effusion cells were plated in serum free
RPML 1640 i preliminary experiments Thys
Procedure led to mereased Sometimes uncontro]
lable clumping of effusion macrophages, and the
number of adherent lymphocytes increased conside

rably while mesothelial and tumour celi contamna
tion was reduced As effuston lymphocytes might be
cytotoxic effector cells serum free plating was
found unsustable

Treatment of adherent cell cultures with 0 25%
trypstn for 5 mn efficiently removed both mesothe
lial and tumour cells leaving > 95% pure
macrophage monclayers Trypsm did however,
also remove 10~50% of the phagocytic cells 1n
some experiments when the macrophages consisted

of relavely small wodifferenuated monocyte hike
celle{spp Fo 20} nhtat -

usw an aj} experiments reported here and m (17)
unless otherwise stated

aree

o usudiy decreased  steadsd

.
Y 1 unstimulat
coltures (Fig 3 ted

o 2k oredhi of dle

of non pk: very
motle cells of probable mesothelsal origin resulted
1t cultures overgrown with this cell type after -2
weeks of culture (Fig 2 )) Tumour cell proliferaon
among the adherent cells was only seen 1 one
experiment (Pavent E) and these tumou;
developed 1nto a cell line.
han S months i w

T cells
that was passaged for more
ro Interestingly the PEM

tu?our cell line NHIK 3025 (17)
Teshly 1solated adherent effusion celts
1aco;
T2ted low amounts of methyl *H TdR (Table 2) ?n:
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1 4 8
DAYS OF IN VITRO CULTURE
Fig 3 Survival of PEM i vitro Adherent macrophages
were counted wvisually 1§ microscopic fields and
expressed as per cent of the value found at culture start
Mza; + SEM n = 6atdayOandday 1 n = 4atday 4

an

most of this ncorporation was probably due to
comtaminating mesothelial or tumour cells as 1t
was reduced further by trypsin treatment (Table 2
fine 5) No signs of proliferation of macrophages
were seen morphologrcally 1n unstimulated cultu
res The spontaneous methy! 3H TdR incorporation
n adherent cells from patients with malignant and
benign disease was of similar magmitude The
adherent cell response to LPS Cp and MAF was
examined (o see 1f the effects of these agents on
macrophage mediated cytotoxicity (17) could be
explained by proliferation of effector cells Treat
ment with LPS or Cp reduced methyl JH TdR
incorporation 1n adherent cells shightly (Table 2 line
1 and 2) while MAF induced an increase mn
methy! *H TdR incorporation of adherent cells in
three of eight experiments (Table 2 line 3) with a
seventold imcrease m one (Table 2 line 4) In
another experiment (Patient H) where PEM were
cultured for 4 days in MAF clear evidence of
proliferation was evident microscopically (Fig 4)
with > 90% of the prohferatung cells ingesting

Candid 1 albicans
Maorpholosy and Diffcrentiation of Effusion Macro

phages
Blood monocytes when cultured under simular
condions diffurentite from small cells with few
macrophage hike cells with
nules during the first week
f) Freshly tsolated effusion
arger than monocytes
pletely (Fig 22

or no granules to large
abundant lysosomal gra
of culture (Mg 2 ¢ and
macrophages were generally I
spread more rapidly and more com|

196

TABLE 2 Methy! 3H-thynudine Incorporanon 1n Ad

herent Effusion Cells Effect of Incubation with LPS Cp

and Cp induced Lymphokines (MAF). and Removal of
Trypsin sensune Adherent Cells .

Treatment of Time of om
adherent cells asay  (mean#SEM) "
LPS 1315 582
' hsme Day b 17754 goo M
Cpe 2296 % 1650
2 psM Day2  marsss
MAF¢ 297921714

HS M Day2  yygranyss P
MAF 3022 193

4 usmM Dyy? ey M
Washf+ LPS 22141036
Wash +HS M 32732 1687

5 Day2 7
Trypsing + LPS o1 75
Trypsin +HS M 439 154

* LPSO { pg/mladded 18 hours before assay

b Medim (HS M) control

CN 6966 5 pg/ml added on day 0 fresh HS Mon
day I

Cp induced Iy mphokines diluted 1 2 added on day 0
fresh HS M onday |

Pattent Q

Non adherent cells removed by six washes with
HBSS

8 Non adherent and trypsin sensitive cells removed by
three washes with HBSS exposure to trypsin 025%
for § min and three subsequent washes with HBSS

"

a

-~

¢ 1 and had considerable numbers of peruclear
granules (Fig 2a ¢ 1) The morphological obsera
tions did not reveal any clear-cut structural
differences between macrophages solated from
patients having mahignant or betign disease Great
varsatton of cell size spreading and granule content
was present 1n both groups Effusions contaming
low numbers of mononuclear cells and ugh
percentages of PEM often yielded monolayers of
rather large well granulated macrophages Two
main types of i1 vitro development were seen If the
starting macrophage population were small and
monocyte like (Fig 2g) a considerable number of
macrophages differentiated i vifro mto large often

densely g d cells (Fig 21
When the starting macrophages were large well
granulated and well spread the cells contracted




Fig 4 a PEM (Paient H) cultured for 4 days m HS\]
hf’ XN A T s J Lave cells % 100
4

£ v = \ N o T X b High power (x400) view of the same cells as 1 2
y ?‘i o e Y it aiffesensated mactophage morphology
AR
S AN £ N\ ¢ PEM (Patient H) cultured for 4 days in lymphokine
{ / vy
AN PN N
~ LR}

supecnatants Proliferation with colony formauan Live
4 cells x 100
\

d High power (X 400) view of the same cells as in ¢
Note b retracuon  reduction of lysosomal
granules and vesicte formation

durng the first 18 b of culture and the number of
granyles apparently diminished {Fig 2¢ and ) The
cells coufd be tnduced to spread once more by
addion of fresh serum but not to the ongumal
diameter I[left undisturbed these cells remained in
the contracted state dying gradually during day 4 to
day 8 of culture without any further morphological
signs of differentation MAF exposure 1nduced
contraction of the tells and frequemly vesicle ke
structures were seen usually to a lesser degree than
nFg 44

Phagocytosis and Digestion of Candida albicans
Freshly isolated effusion macrophages ingested
more Candida particles per cefl than autologous
monocytes (Table 3 and Fig 25} The capaony to
digest 1ngested fung! to soluble material released to
the supernatant was larger and the effuswon
macrophages were far more adherent during the
digestion period than monocytes (Table 3)

TABLE 3 Phagocytos s and D gest onof | 31 labelled Cand da atb cans

Mononuciear Cand da particles D gest
Pseyes per phagocyue cell capacty 9, cmi
PEM 133226 169269
1 @« 1o l( 42‘ 71
Monocytest 37£01 e
10
[15) @ s& q{ ; 64

The mongnuclear phagocytes were exposed (o 125] papeled
of e1per memts 18 @ Y€ In Parantheses

Cand da 1mymed tely afier 1solation (Day () The number
* Autologous monoCy1es tested 0 parallel expeniments



DISCUSSION

The availabiluty of effusions removed from patients
for diagnostic or therapeutic reasons offers a unique
opportunity to study the structure and function of
human macrophages »caught in the act« of exerting
thetr actual 2 vivo function The heterogenerty of
such non selected patients makes great caution
necessary when one attempts to hink i vno
condition to maitro obsenatlons

The considerable contribution of macrophages to

The methyl *H-TdR mcorporation and profifera
tion tnduced 1n PEM by MAF 1n some experiments
suggest that local replication of macrophages m
inflammatory sites may take place 1n man under
certamn conditions  although studies m ammal
systems (37) indicate that the circulaung blood
monocyte 1s the main source of issue macrophages
Observations i our laboratory indicate that human
blood monocytes may have considerable prolifera
tive potential (36 Hammerstrom & Eggen unpub
lished)

ot

the 1nflammatory cell population r bles the
situation found in solid human tumours (22 34
42) The reasons for the great vanation 1n the
proportion of macrophages which has also been
noted previously (7} are obscure Exudate macro
phages are probably mostly cells recruted from the
arculating blood monocyte poot (37 38) If tius
holds true 1t seems evident from the data 1n Table 1
that mononuclear phagocytes tn considerable num
bers can be mobilized into malgnant effusions
contaimng tumour cells The presence of human
tumour cell factors suppressing monocyte chemo
taxis as reported in (31} does not seem sufficient to
induce gross defects 1n mononuclear phagocyte

1on 1nto mal fh Ithough the

¥y macrophages solated from pat
ents with malighant or bemgn disease were not
systematically different wath regard to the proper
ties studied The vaniation 1n cell structure sprea
ding phagocytosis and proliferative response (o
tymphokines observed with cells from different
patients probably reflects adaption of the monontc
lear phagocytes to different inflammatory signals
More homogenous groups of patients or longitudt
nal studies of individual pateents are probably
required to analyze mononuclear phagocyte 1e
sponse 1n malignant disease 1n more detail How
ever the presence of considerable numbers of
macrophages 1n human tumour associated effu
sions and the possibility of isolatmg these cells i
T purity by simple methods shoutd

data are insufTicient for strict ve compari
son between the malignant and benign group
Morphological evidence of inllammatory cell nte
raction with tumour cells 1n effusions (Fig 1) has
been reported previously (33)

The simple 1solation procedure based on the
superior adherence of macrophages ensures mm
mal processing of the PEM prior to assay The great
vanation 1 PEM size and morphology mdicates
that more sophisticated separation procedures based
on <ell size or denstty may be difficult to
standardize Such procedures might however yield
interesung information on functiona) differences
among subsets 1n the PEM population

The tn vutro survival of PEM with differentiated
macrophage morphology (14) was clearly mferior to
that of human blood monocytes (16) and the
further in vriro differentiation seemed to be blocked
1 such cells As more undifferentiated mononuc
lear phagocytes 1solated from simular sttes differen
tated wr viro as shown previously (14) it 1s
tempting to sp that i v 0 well-difle
PEM are end cells commutted to spectal functions
Alternatnvely they may stem from the resident
macrophage population (3) or they may simply
have different culture requirements The data on
phagocytosis and digestion of Candida albicans
ndicate that PEM are more differentiated cells than

encourage further mvestigations designed to clanfy
the role of human mononuclear phagocytes 18
natural resistance against cancer In the accompany
tng communication {17) the results of expenimeats
examining the cytostauc and cytolyuc actnity of

PEM 1s reported
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Remen and B Lippe 15 gratefully acknowledged
Cory nebacterwum parvum was a gift from 4 Dalen Dept
of Microbiology University of Trondheun I am
indebted to Prof J Lamsh for discussion and heip 20d
1o the Dept of Lung Disease and the Dept of Medmn;
Reg Hospital  Trondhesm  for permitung the ce
samplin,
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DISCUSSION

The availability of effustons removed from patients
for diagnostic or therapeutic reasons offers a unique
opportumity to study the structure and function of
human macrophages »caught 1n the act« of exerting
therr actual i viio function The heterogeneity of
such non selected patients makes great caution
necessary when one attempts to hnk 1 ne
condition to 1 vitro observations

The constderable contribution of macrophages to

P

The methy] *H-TdR incorporation and prolifera
tion induced m PEM by MAF 1n some evperiments
suggest that local replication of macrophages m
mflammatory sites may take place 1n man under
certain  conditions  although studies 1 ammal
systems (37) indicate that the circulatng blood
monocyte 1s the main source of tissue macrophages
Observations 1n our laboratory mdicate that human
blood monocytes may have constderable prolifera
tive potential (36, Hammerstrom & Eggen unpub
hished)

the y cell popul t the
situation found m soltd human tumours (22 34
42) The reasons for the great vanation n the
proportion of macrophages which has also been
noted previously {(7) are obscure Exudate macro
phages are probably mostly cells recruited from the
circulating blood monocyte pool (37, 38) If this
holds true 1t seems evident from the data in Table |
that mononuclear phagocytes in considerable num
bers can be mobilized into malignant effusions
containing tumour cells The presence of human
tumour cell factors suppressing monocyte chemo
taxis as reported 1n (31) does not seem sufficient to
induce gross defects in mononuclear phagocyte
mobihization into mahignant effusions although the
data are insufficrent for strict quantitative compari
son between the malignant and bemign group
Morphological evidence of inllammatory cell 1ate
raction with tumour cells m effusions (Fig 1) has
been reported previously (33)

The simple 1solation procedure based on the
superior adherence of macrophages ensures mint
mal processing of the PEM prior to assay The great
variation 1in PEM size and morphology ndicates
that more sophisticated separation procedures based
on cell size or density may be difficult to
standardize Such procedures might however yield
interesting information on functional differences
among subsets tn the PEM population

The 1 vitro survival of PEM with differentiated
macrophage morphology (14) was clearly inferior to
that of human blood monccytes (16) and the
further 1 vitro differentiation secmed to be blocked
in such cells As more undifferentiated mononuc
lear phagocytes rsolated from siular sites dilferen
uated i vitro as shown previously (14) ut 1S
tempting to speculate that i 10 well differentiated
PEM are end cells comnutted to special functions
Alternatively they may stem from the resident
macrophage populauen (3} or they may stmply
have different culture requirements The data o8
phagocytosis nd digestion of Candida nl(blf;ll":
ndicate that PEM are more ifferentiated & 541 2

y pht 1solated from pau
ents with malignant or benugn disease were not
systematically different with regard to the proper
ties studied The vanation in cell structure spred
ding phagocytosis and proliferatine response o
lymphokines observed with cells from different
patients probably reflects adaption of the mononu¢
lear phagocytes to different inflammatory signals
More homogenous groups of patients of longitudt
nal studies of individual patents are probably
required to analyze mononuclear phagocyte T¢
sponse 1n malignant disease 1n more detait How
ever the presence of considerable numbers of
macrophages in human tumouf assoctated ¢ffu
sions and the possibility of 1solating these celis 10
reasonable purity by simple methods should
encourage further imyestigations designed 10 clanfy
the role of human mononuclear phagocytes 1t
natural resistance agamst cancer 1n the accompan®
ing communicatton (1 7) the results of upﬂlﬂ““‘?
examining the cytostatic and cytolyuc actwty ol
PEM 1s reported
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STRUCTURE AND FUNCTION OF HUMAN EFFUSION
MACROPHAGES FROM PATIENTS
WITH MALIGNANT AND BENIGN DISEASE

2 In Vuro Cytostauc and Cytolync Effect on Human Tumour Cell Lines
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Hammerstrem J Structure and function of human effusion macrophages from panents with malignant
and bemgn disease 2 Jn witro cytostatc and cytolytic effect on human tumour cell ines Acta path
microbio} scand Sect C 88 201-209 1980

Human effusion macrophages tsotated from the pleural or asciuc effusions of 14 patients with
malignant or bemgn disease usually mhibited methy! 3H thymidise incorporation m an adherent human
tumour celf hme (NHIK 3025) when the macrophages were challenged with target cells immediately
after tsofanon The cytostauc acuvity disappeared when the macrophages were cultured for 18 hours
wtro before target cell challenge The presence of endotoxin (LPS) or Connebacterum parvum (Cp)
duning the macrophage target cell interaction nduced a small enhancement of the macrophage mediated
cytostaue activity  Preincubauon of macrophages with Cp or Cp-induced lymphokine supernatants for
2-18 hours before target cell challenge induced 1ncreased cytostatic actviry m the macrophage cultures
Adherent (NHIK 3025) or non adherent (K 562) human tumour cells prelabelted with methyl JH
thymidine when added to freshly 1solated macrophages were lysed m a slowly progressive manner
The cytolyuc actvity to K 562 cells was enhanced by tncreasing macrophage density in the cultures
and by incubating the macrophages for 2 hours with lymphokine supernatants before target celt
challenge Morphologscal observations tadicated that K 562 cells adhered o macrophage membranes
with fysis proceeding eviracellulanly
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ncer endotoxun Corynebacterium parvum lymphokines
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Reewved 30079 Acoepted 4 11 80

Studies on the function of human mononuclear
Phagocytes 1solated directly from snflammatory
Sites are extremely few (see 9 for references) The

from animal systems (see 4 for references)
oY1
a rauonale for such tnals provides

The cylotoxic actvity of the human macrophage

Paucity of studies actually demonstrating the ability
of the human macrophage to effect Cytotoxic
Tesponses to tumour cells 15 somewhat surprising
Sonsidening that clhinucal trials with agents thought

Pprecursor, the blood monocyte, has been stud;

more extensively (5-§ 10, 12, 14,20, 21, 23, 2’:;1
Studses 1n our laboratory indicate that monocytes
acquire cytostatic activity when differentianng 4

to augment mediated ¢y Y to
fumour cells have been carned out on quite a large  vum (Cp) or Bacillus
- T tount of data

witro {5 23) Lymphokines released from human
with Corynebacteriym par-
Calmette-Guenin (8CG) can

mnduce cytostauc (6, 10, 24) ang Sytolyuc (7, 8)
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Iule the tacorporation 15 NHIK 3025 was unaffected
iSM $2167 = 4234 cpm LPSO 1 yg/ml 51968 =
Mepm o - 13)

Corynebactertum parvurn (Cp) sreasment Kalled Cp
Cropomobacterum awdum 1 CN 6966) (8) was
uspended 10 HS M ta twice the desired concentration
of added to PEM or PEM/NHIK 3025 cultures 2s
escribed for LPS The TI for cultures receiving Cp and
arget cells at the same ume on day O was calculated with
EM and target cell conteols without Cp (Table 2) The
1 for cultures receving Cp on day 0 and target cells on
lay 1 was calculsted with PEM controls wuh Cp
PEM{HS M 2382 & 1254 cpm PEMJCP S pstmi
1296 = 1650 cpm n = §) Killed Cp § vg/oal dud mot
afluence methyl 3 TdR meorporation i NHIK 3025
lls cultured alone 1 separate control experiments

Lymphokine (MAF) treatment Lymphokine superna
ans were produced by colturmg peripheral blood
ymphocytes from healthy individuals with kilied Cp 2 5

ve/ml for 3 days as described in (10) Fultered (Mulipore

143 ) tympholene Supermatanis Wese stored 2% + 4,9C
49 to 2 weeks before use The medum was Withdrawn
from PEM monolayers znd 05 ml lymphokine
supernagants diluted | 2 with fresh HS M added After
the MAF exposure usually 18 hours the lymphokine
supermaants were Withdrawn and PEM monalayers
washed once With HS M before additon of target cells as
desoribed under (he cytostasis and cytolysss assay The
Tl was calcutated with MAF treated PEM controls

(PEM/HS M 2182 = 1254 cpm PEM/MAF 2979 £
14 cpm = 8)

Stanses Results given are mean of triplicate cultures
* SD for Single expeiments o7 mean = SEM of n
expenments P values were obtamed by Walcoxons
signed rank test for paired samples

RESULTS

Cytostatic Activity of Freshly Isolated PEM
Considerable cytostatic activity of PEM was
found when target celis were added immediately
after 1sotation (Table 1) in most expensments Three
arbitrary levels of cytostauc actwvity mught be
discerned Three experiments with T values nega
tive or around § three expeniments with very high
TI values about 70 or higher, and the rest with
values around 20 Two of the three patients with
high TI values had a history of alcohohism No clear
mdication of correlation with effusion cell content
or type of Macrophage morphotogy was seen The
Cytostatic achvity was strongly dependent on the
effector/target cell rawo (E/T rato) in one expers
ment where this was examined (Fig |}

curve
indicated by HS M)

TABLE | Cytostanc Actty of Effusion Macrophages 1o NHIK 3025 Cells

Patieny Duagnosts % Target cell nhibton (TD (= SD)
MALIGNANT Dayg? Dav v
A Adenocarcinoma +279 (1 6) =272
B Adenccarcinoma + 39030 17416
c Adenocarcittonta (ovary) +194 (0 5) ~ 2109
L3 Atenocartinoma (oo #1950 (32) +75Q289)
E Adenocaranoma ~157 (441 ND®
H Squamous cell carcinoma (eeryix uters) 177001 ND
1 Squamous cell carcinoma {bronchus) +M40n -
13 Anaplastic small cell carcinoma (fung) +206 (19) 14an
] gl SHH saes
Mean * SEM 4185279 “::)4
BENIGN
N Pulmanary emboly +2
32 (14) -
f: Patmorary emboly +131 39) 308
Cardiac falure {alcoholic cardiomyopaty) 168241 D) ~113 (36}
T Hepaue airrhosis (atooholic) 942 (0
U Chronic hepatius +07 QN
Mean = SEM e

* Target cells {104/ well) were added ymmed,
™ Target cells {10/ wll) were added after |
© \otdone

Uately after isolation of PEM
& hours of wn y1170 Gulture of PEAS



activity 1n human monocytes A possible direct

d of Y di cytostasts by Cp
has been reported (6) Endotoxin (LPS) enhances the
expression of cytostatic and cytolytic actrety by
both normal and lymphokine activated monocytes

the methyl 3H TdR incorporation 1n PEM cultures
exceeded 10% of that found 1n target cells plated alone
were excluded from the study (4 experiments usually
owing 1o contanupation with mesothelial cells) Macro-
phage mediated cytostasts was caleulated as percentage
target cell inhib: an

(7) These studies indicate that human
phagocytes are capable of responding to activating
or enhancing signals with jacreased Cytotoxicuty in
much the same manner as murnine macrophages
Such responses have not however, been demonstra
ted 1n experiments with the cells supposed to
actually effect in 1no mononuclear phagocyte
mediated cytotoxicity, namely human macrophages
1solated directly from the inflammatory site In the
previous paper (9) I described the 15olation and in
vitro culture of effusion macrophages from patients
most of which had malignant disease In this paper
I present the results of experiments designed to
examine the cytostatic and cytolytic actwity of
eflusion macrophages from the same patients and
the response of macrophage mediated cytostasis and
cytolysis to lymphokines Cp and LPS

MATERIALS AND METHODS

Human pleural or perttoneal effusion macrophages (PEM)
were 1sofated from heparimized effusion fluid by Ficoll
Isopaque centrifugation and plastic adherence as descrt
bed 1 () The PEM were cultured n 16 mm ussue
culture wells (Costar 3524) 1n 0 5 ml RPMI 1640 (Gib
co) supplemented with 25% pooled human AB Rh+
serum 0 | mM ! glutamine and 40 pg genitamicin per m)
(HS M) Only cultures with >90% macrophages as
evaluated by phagocytosis of heat killed Candida albt
cans (5) or a nhapthyl esterase staining (11) were used for
cytotoxiCity studies unfess otherwise stated

Target cells The adherent cell ime NHIK 3025
originating from a human carcinoma i sil of the cerviy
(17) and the non adherent human myeloid leukemsa cell
hine K 562 (13) were used as target cells Target cells
were passaged in RPMI 1640 with 20% human A Rh +
serum 1 glutamine and gentamicin

Assay for macrophage medwated cytostasis The med
wm (with lymphokine supérnatants i Some experl
(ments) was withdrawn from PEM monolayers and 104
untabetled NHIK 3025 cells prepared by trypsination
(025% 3 mimn) added tn 025 ml HS M Thereafter
025 m! HS M (with endotoxn (LPS} or ¢ parvum 1n
some experiments) was added Target ol DNA
synthesis was assayed by adding 10 pCr methyl 3H
thymidine (methy! 3H TdR sp act 5 C1/mM) for the
Jast § hours of a 18 hour coculture peried of macro
phages and target cells and harvestng and processing
cultures for iquid scintllation counung as described 1n
(5} The methyl JH TdR incorporaton in PEM cultures
without target cells and in target cells plated alone “’3:
determined stmultaneously and experiments 1n whicl

100 - ™ (NHIK 3025 + PEM)~ cpm (PEM) M
cpm (NHIK 3025)

100

Methyl 3H TdR mcorporation 1n PEM on day i of
culture was 1775 + 809 cpm (n ~ 14) and onday 2
2106 * 818 cpm{n = 11) Methyl 3H TdR incorpora
tion 11 NHIK 3025 cells plated alone was 57 830 +
3458 cpm (n = 25)

Assay for macrophage mediated cytolvsis Target cells
i exponential growth were fabelled with methyl H
TdR (05 pCi/ml for 24 hours or 10 yCt/ml for 8
hours) The medium {with Jymphokme supernatants 1
some experiments) was withdraws from PEM monolay
ers the monolayers washed once with HS M and 10¢
washed prelabelled target cells added 1 0 25 mi fresh
HS M followed by 0 25 ml HS M (with LPS 1n some
experiments} The assay was termmated afier incubaton
for 24 48 or 72 hours by addiuon of 0 § ml HBSS o
the well and aspiration of the supernatant which was
centrifuged (400 G 10 min) The upper 0 5 ml of the
supernatant was removed and radioactivity determined
by hqud counting (23) release
was determined in the upper 0 5 ml of the supernatant of
target cells plated alone with or without LPS 26
maximal release n the supernatant of target cells
receving 05 mi 1% sodwm dodecy) sulphate {SDS)
nstead of HBSS at termination of the assay Macro
phage medsated cytolysis was calculated as % specsfic

Iysis (% SL)

exp release — spon release

100 x
% max (SDS) release

Maximal (SDS) refease was 13558 + 2847 cpm (\m?
3025 n - 4)and 6578 = |16Scom (R S62 0 ¢
which was >90% of (otat incorporated cpm Spontané
ous release (% of SDS refease) was NHIA/72 hourSZ
232 + 40% NHIK/LPS 0 | pg/ml/72 hours 22

£ 42% K562/48 hours 127 % 8% tn = 9 Pef

t
cent SL 1 cultures with LPS was calculated with 1a1g¢
L« ma 1 PS concentration .

0
twice the desired concentrateon (i 1is * \‘;
was removed from PEM monotayers 0 25 m! of HS

with 104 target cells was added and then foltowes b3
025 mlof HS M with LPS Controls of target cells alon¢
and PEM alonc 1n HS M with and without LPS were
included 1n each cytostasis experiment and the T
calculated with the controls exposed to the same
concentration of LPS Methy! JH TdR incosporation 1n
PEM was shightly reduced by LPS (HS M 1775 = 809
cpm LPSO | pg/ml 1315 £ 582cpm n = 14 day I}



while the tcorporation sn NHIK 3025 was unaffected
(HS-M 52167 = 4234 cpm LPSO ) peiml 51968 =
$3t1cpm 0 - 13

Corynebacterum parvum (Cp) sreatment Kled Cp
(Propuonobacterum avidum 1 CN 6966) (§) was
suspeaded 10 HS-M to twice the desired concentration
and added to PEM or PEAM/NHIK 3025 cultures as
described for LPS The T1 for cultures recerving Cp and
target cells at the same tume on day 0 was calculated with
PEV and target cell controls without Cp (Table 2) The
Tl for cultures recerving Cp on day 0 and target cells on
&y | was calculated with PEM controls with Cp
PEM/HS-M 2182 = 1254 cpm PEM/Cp 5 pg/ml
2% + 1650 cpm n - 8) Killed Cp 3 ypfmi did not
wfluence methyl JH TR incorporauon 1n NHIK 3025
cefls cyltured alome 10 separate Control £XpeNIMEnts

Lymphokine (MAF) treatment Lymphokine superna
was were produced by culunng pesspheeal Blood
Iymphocytes from healthy sndividuats with killed Cp 2 §
¥&/mi for 3 days as described n (10} Fibtered (Millipore
045 ) lymphokine supernatants were stored at + 4 °C
up 1o 2 heeks tefore use The medum was withdrawn
from PEM monolayers and 05 mi lymphokine
supernatants diluted | 2 wuth fesh US M added After
the MAF exposure usually 18 hours the lymphokine
Supernatants were withdrawn and PEM monolayers
washed once with HS M before addwion of target cells as
described under the cytostasis and cytolysis assay The
Tl was calculated with MAF wreated PEM controls

(PEM/HS M 2382 = 1254 cpm PEM/MAF 2979 =
Maomn =8

Stanstics Results gaven are mean of triplicate cultures
2 SD for single expenments of mean % SEM of a
expenments P values were obtuned by Wilcotons
signed rank 125t for paired samples

RESULTS

Cytostatic Actnity of Freshly Isolated PEM
Considerable cytostatic activty of PEM was
found when target cells were added immediately
after 1solation {Table 1) 1n most expersments Three
arbitrary levels of cytostaic actvity might be
discerned Three experiments with T1 values nega
tive or around 0, three expeniments with very high
T valnes about 70 of tugher, and the rest wath
values around 20 Two of the three panents with
tugh T} vatues had a hstory of ajcoholism No clear
mdication of correlation with effusion cell content
or type or macrophage morphology was seen The
cytostatic activity was strongly dependent on the
effector/target cell rao (E/T rano} in one expert
ment where this was examined (Fig

1, cunrve
ndicated by HS M)

TABLE | Cytostanc Actvity of Effusion Macrophages to NHIK 3025 Celis

Pauent Duagnosis % Target cell inbibuoa (TN (= SD)
MALIGNANT Dav ? Dav ¥
A Adenocarcinoma +2719016)
- 27423
g Adenocarcinoma + 39030 -17 g 6;
Adenocaranoma {ovary) +194 (05 -2
D Adenoczrainema {colon) +190 32 fon
£ Atenocarcinoma -157(34) "
K Squamous cell carinoma (cervix uters) +177 (0D e
1 Squamons cell carnnoma (bronchus) +N302D ~
’§l Anaplastic small celt carcinoma (lung) +206 (19) z ; Tan
Romasi caranoma Y59 TR
Mean = SEM +185x79 - 08xt4
BENIGY
N Pulmonary emboli
] e S R T
Cardiac failure talcoholic eardiomyopaty) +682 ( “Hiee
T Hlepauc cirrhos:s (aleoholic) S ;: hed
Chronic hepatius +207407 e
Mean * SEM +45T e s e
153

1 Target cells (104/well) were added immeduately after 1solayon of PEM

—_—
-130=x17

T| ‘,h"?‘ cels 1103/ mell) mere added alter 18 hours of jnr vitry culture of PENT
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freshly 1solated PEM and target cells during
effector/target cell mteraction resulted m a small
average enhancement of cytostasis (p = 0 029)(Ta
ble 2} When Cp was added to PEM cultures
immediately after 1solation and the cultures tacuba
ted for 18 hours before addition of target cells, some
enhancement of cytostasis (p = 0 55) was found 1n
5 of 8 experiments (Table 3)

Influence of Prewncubation with Lymphokne Super-
natanis on the Cytostatic Actvity of PEM
Incubation with lymphokimes released from
human peripheral blood lymphocytes stimulated
with Cp 1ncrease the cytostatic actvity of human

Freshly isolated PEM were exposed to lymphoki
nes for 18 hours before the assay for cytostasis {Ta-
ble 4) The enhancement of target cefl growlh
usually found at this stage of PEM culture was
reduced 1n all experiments (p = 0 008), changing to
1n most experiments Four of the

oy

lymphokine supernatants used 1 this seres of
experiments were also assayed on blood monocytes
cultured for 3 days i vitro, and 1n every 1nStance
tnduced a greater mcrease n Tl monocytes than

50
401
30r
monocytes (10}
20+ ok
10}
" 101 30.!
EFFECTOR /TARGET CELL RATIO
Fig 1 of hage density (effec-
tor{target cell raio) and short (2 hours) preincubation
with Cp-1nduced k (MAF) on the

cytostatic activity of freshly 1solated PEM, expressed as
% target cell inhibaion (TD) Target cells (NHIK 3025
cells, 104/wetl) were added 2 hours afier 1solation of
PEM Mean # SD of tniplcate cultures n = 1 {Pa-
uent H)

Cytostatic Actvity of PEM Cultured for 18 Hours
m vitro

Overmght culture of PEM resulted 1n some cell
Joss (~25%) from the monolayers along with
morphological changes reported 1n the previous
paper (9) When target cells were added to PEM
after 18 hours of culture, the cytostatic actvity was
reduced 1n all experiments (p = 0001), the TI
acquiring negative values (growth enhancement of
target cells) 1n all experiments but one (Table 1}

Influence of LPS on the Cytostanc Activity of PEM

When LPS 01 pg/mi was present m the
cocultures of freshly isolated PEM and NHIK 3025
cells, a shght o moderate enhancement of the
cytostatic activtty was found 1n most experiments (3]
~ 0007)(Table 2) In cultures of PEM challenged
with target cells after oversught mcubation, LPS
produced & small enhancement 1B two experiments
and an adverse effect m the thurd (Table 3)

on the Cytostatic Actvty of PEM

G
Influence of Cp % pg/ml w cocultures of

The presence of Cp

m PEM However, differences in 1ymphokioe
storage time and mononuclear phagocyte culture
time make a strict comparison of lymphokme
responsiveness 1mpossible The influence of incre2
smg E/T ratio on the cytostatic activity of PEM
exposed to lymphokines for only 2 hours after
1solation Was examuned 1n one experument (Fig 1)

Cytolytic Actnty of PEM 10 Prelabelled NHIK 3025

Cells

When the PEM were challenged with methyl-H
TdR-prefabelled NHIK 3025 cells 1mmediately afier
isolation, a slowly progressing fysis of target cells
was seen (Table 5) the man increase i Iyss
appearmng from 48 to 72 hours of coculture
presence during PEM Jtarget cell interaction did not
induce reproducible effects tm this smal] sertes ©

experiments

Cytolytic Actnaty of PEM to Prelabelied K-562 Cells

PEM cultures exposed to Jymphokines of HS M
for 2 hours after 1solation were challenged Witk
methyl-JH-TdR-prelabelled K-562 cells at three
different E/T ratios (Table 6) Consistent tnerease it
target cell lysis was found after fymphokin®
activation at all E/T ratios The effect of ncreasing
the effector cell density from E/T = 10110 EIT
= 301 was dramauc m two of the fof
experiments



TABLE 2 Effect of LPS and C parvum on the Cytostans Actvity of Freshly Isolated PEM to NHIK 3025 Cells

Patient % Target cell mfubiton (T1) (£ SD)
TI change 1 change
MALIGNANT HS M LPS with LFS CN 6966 with CN 6966
A +279 (16) +33002D + 52 +311 (035 + 32
B + 39030 +223(38) +184 -0601D - 45
C +194(03) +209 (40) + 15 +23500 + 41
D +190032) +24235) + 52 +265(13) + 75
E -157 44 -22049) - 63 ~122 (09 + 35
1 +714 022 +847 Q26 +133 +703 (09 =11
L +206 (19) +494 (16} +288 +446 29 +240
M +26029 + 86 (56) + 60 ND* -
Mean = SEM +186 290 +276 109 + 9038 +262x 104 + 52%35
BENIGN
N +23204) +41102) +179 +320 08 + 88
0 +191 39 +31443 +123 +328 (02 +137
P +682 (1) +674 (17 - 08 +627 (1 6) - 55
7 494203 +93201 - 10 +933 (03 - 09
u +207 (06 +233022 + 26 +251(66) + 44
Mean = SEM +451 %153 +513 =128 + 62=x38 +492 2128 + 41 %34

‘Target oetls (104/welt) LPS 0 1 yg/mland CN 6966 5 pg/mi were added immediately after isolation of PEM

ot done

Mani -~ (o

s

N L frequently seemed 1o attach to PEM membranes
without bemng ingested (Fig 2) wath lysis appa

N [ [t
buman blood monocytes (8 23) K 562 cells  rently procesding extracellulanly

TABLE 3 Effect of LPS and C parvum on the Cytostatsc Actvuty of PEM Cultured for 18 Hours 1o NHIK 3075 Cells
—_— T

Pavent % Target cell ihubiuon (1) + (SD)
T change
MALIGNANT HS M ps withLES N 6956 z’,;,hé,’(f;m
A - 2109 ND - - 42040 - 1s
B 1106 ND - 4105 4 sg
c - 2109 ND - - 280
b + 7509 ND - ~s5ten 19,
L 2129 ND - F163GD 1ve
\ -390D 28308 +7g ND
Mean £ SEM 07216  + 42 T + 37236 ;
39239
BENIGN
N SU3On - Te@s .
° 13 Ge ND ¥ rieon +189
U S163QD -26656 s P ar
Mean 2 SEM  -130% 17 -T6x100 + 385275 2 e

Targes cells (104/well) were added 18 hours afier
¥ LPS 0 | pg/ml was added together with the tar,
® CN 6966 5 pg/mt was added to PEA yprmed;

1solation of PEM (Day 1)
get cells (Day 1)
ately afier wolavion Day 0y

+ 44261

—_—
+173x7¢
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freshly 1solated PEM and target cells durng’
effector/target cell mteraction resulted 1 a small”
average enhancement of cytostasis (p = 0 029)(Ta
ble 2) When Cp was added to PEM cultures™
immediately after 1solation and the cultures ncuba
ted for 18 hours before addition of target cells some
enhancement of cytostasis (p = 0 55) was found
5 of 8 experiments (Table 3)

Influence of Preincubation with Lymphokine Super
natants on the Cytostatic Actvity of PEM

Incubatron with lymphokines released from
human pertpheral blood lymphocytes sumulated
with Cp increase the cytostatic actvity of human.
monocytes (10)

Freshly tsolated PEM were exposed to lymphoki
nes for 18 hours before the assay for cytostasss (T2
ble4) The enhancement of target cell growth
usually found at this stage of PEM culture was
reduced 1n all experiments (p = 0 008) changing to

ytostasis 1 most experiments Four of the

1 101 301
EFFECTOR /TARGET CELL RATIO
Fig 1] of density (efTec
tor/target cell ratio) and short (2 hours) preincubation
with Cp tnduced lymphokene supernatants (MAF) on the
cytostatic activity of freshly isolated PEM expressed as
% target cell infubition (TI) Target cells (NHIK 3025
cells 104/ well) were added 2 hours after 1solaton of
PEM Mean z SD of triplicate cultures n = 1 (Pa
tient H)

Cytostatic Acinuty of PEM Cultured for 18 Hours
n vitro

Overnight culture of PEM resulted 1n some cell
loss (~25%) from the monolayers along with
morphological changes reported in the previous
paper (9) When target cells were added to PEM
after 18 hours of culture the cytostatic activity was
reduced n all experiments (p = 0001) the TI
acquiring negative values (growth enhancement of
target cells) 1n all experiments but one (Table 1)

Influence of LPS on the Cytostatic Actnity of PEM
When LPS 01 pg/mi was present m the
cocultures of freshly 1solated PEM and NHIK 3025
cells a slight to moderate enhancement of the
cytostatic activity was found 1n most experiments (p
= 0007) (Table 2) In cultures of PEM challenged
with target cells after overnight incubation LPS
produced a small enhancement 1n two experiments
and an adverse effect 1 the third (Table 3)
Influence of Cp on the Cytostatic Actnaty of PEM .
The presence of Cp $ pg/ml 1n cocultures of

204

Ilymphokine supernatants used 1n this series ofy
experiments were also assayed on blood monocytes¢
cultured for 3 days i vitro and in every instanceL
mduced a greater increase 1n TI 1n monocytes thany
i PEM However differences i lymphokiet
storage time and mononuclear phagocyte culture
time make a strict comparison of Tymphoksne
responsiveness impossible The mfluence of ncrea |
sing E/T ratio on the cytostatic acuvity of PEM
exposed to lymphokines for only 2 hours after s
1solation was examined 1n one experiment (Fig 1

Cytolytic Activity of PEM to Prelabelled NHIK 3025
Cells W
When the PEM were challenged with methyl
TdR prelabelled NHIK 3025 cells 1mmediately afier
isolation a slowly progressing lysts of target cells +
was seen (Table S) the mam ncrease 1 I)'Sg
appeanng from 48 to 72 hours of coculture LP(
presence during PEM/target cell interaction did nor
induce reproducible effects n this small sertes ©

expermments

Cytolytic Actvity of PEM to Prelabetled K-562 Cel/;
PEM cultures exposed to lymphoknes or HS
for 2 hours after 1solation were challenged with
methy! 'H TdR prelabelled K 562 cells at three
different E/T ratios (Table 6) Consistent increase i
target cell lysts was found after 1ymphokiné
activation at all E/T ratios The effect of mcrezsm_ll}
the effector cell density from E/T = 10 1 to Ef
= 301 was dramatic m two of the fouf

experiments



labelled with Meth! JH TdR Influence of
Ac Freshly Isolated PEM 1o K 562 Cells Pre
TABLE 6 Gyt de ‘"'é/"i rat 0 and Short Preincubat on of PEM with Lymphokines

Pauent % specific lysis (= SD)

11 101 301
MALIGVANT HS M MAF* HS M MAF* HS M MAF*
H 34003 67 (04) 68 (06) 103 (0 6} 349 (05 548 (15)
X 2104 2409 3300 46 (10) 50410 63 (04)
ve 39 (0 5106 82(05) 9502 607 (04) 68302
BENIGN
N 3son 319(05) 4701 58 09 4803 9506
Men £ SEM 32204 45209 5810 7614 2642135 3472157

Target cells prelabelled with methyl 3H TdR

release determned after 48 hours of coculture

* Adherent effuston cells were preincubated with
hours before additon of target eefls (Day 0)

® PEM purity 75 7% at culture start

(104/well} were added 2 hours after 1solation of PEM and 1sotope

€ parvum duced lymphokines d luted 1 2 n fresh HS-M for 2

cefl
 Dugnosis Bronchta) carcinoma

non by Maniovan: et al (15) describes a more
vanable pattern of growth mhibition or stimulation
of target cells cocultured with human macrophages
ssolated from ascitc ovaman carcinomas The

Fg 2 a Cocutture of control PEM (HS-M) ang
methyl 31 TdR labelled K $62 cells (Panent H)

b Coculture of MAF-exposed PEM and K 562 cells
from the same experiment

The rounded refractile k $62 eells adhere to the dark
mulupolar PEM Reduction of the number of K 562
exls s evident 1n the MAF-exposed culture 1ive eells
photographed d rectly 1n the culture well on day 1 24
hours after urget celf addion x 400

expenimental conditions used by this group may
account for some of this discrepancy  Exposure to
NH.Cl buffer to Iyse red cells has been shown 10
affect natural cytotouc actvity of some human
mornonuckear cells adversely (26) Human mono-
fnuclear phagocyte culture tn medium supplemented
with hetereologous serum affects cely survival and
some cell functions adversely m our hands 3
Hammerstrom unpublished data) Serum fres pla
ung of mononuclear effusion cells increases lym
phacyte contamination of the monolayers (9)
Finally the 48 h assay used by Mantovam et of 1S
determuning target cell growth at a stage of i vitrg
culture when all €xcept one of the macrophage
populations examined here had lost thetr mital
cytostatc activity The cause of (his 1nitial disappea
fance or reversal of mononuclear phagocyte cyto-
toxic activity  which has also been described with

as effector cells {8) 15 noy

meduated by freshly 1solated P
Miro culture the apparent lack of Correlation

Ween cytostatne acuvity and differentiated m
or
Phology n freshly tsolated PEM (9) ana the hugh

EM after one day of in



TABLE 4 Effect of C parvum-induced Ly mphokines on the Cy tostanc A ity of PEM Cultured for 18 Hours 1o NHIK

3025 Cells

Patent % Target cell inhibyion (TD) (£ SD)
77 change

MALIGNANT HS-M MAF with MAF -
A -27Q23 + 67(06) + 94
B -1706 + 441D + 61
C -21(09 + 7608 + 97
D + 75029 +194 (15) +119
L - 21(29) +120(12) +14]
Mean = SEM -02=x19 +100x26 +102213
BENIGN
o -13Q6 +226 (15) +339 ~
u -163 27 - 76(10) + 87
Mean + SEM ~138225 + 75151 +213 2126 N

Target cells were added I8 hours after 1solation of PEM (Day 1)
2 PEM were exposed to C pan duced ly k
target cells

diluted 1 2 for 18 hours before addion of

DISCUSSION

The results presented here ndicate that human
macrophages 1solated from an established 11 vno
inflammation may have considerable 11 \itro
cytostatic influence on human tumour cells The
mean cytostatic acivity was higher mn PEM from
patients with bemign disease, but the rather small

and heterogenous groups do not allow conclusions
to be drawn Work with animal systems has led to
hypotheses of nefficrent tumour cell killing b¥
macrophages associated with progressimng tumours
(22, see also 4), and the data here justfy further
research to test such hypotheses 1n human systems

The only previous report on a simslar phenome-

JHTdR
TABLE 5 Cytoly tic Actnity of Freshly Isolated PEM to NHIK 3025 Cells Prelabelled with Methy! T

% specific lysis (£ SD)

Patient
24h 48 h 72h
S-M Les*
MALIGNANT HS M Lps* HS-M Lps* H. ol 5s 08
D 292 09006 3003 4302 149 ( T
G 1004 20(02) 46 (02 56 (03) 105 Q YPeT]
Mean = SEM 2009 1505 3808 50=x07 12722
5

o 3000 4002 68 (05 172(04) flo: 82)
r s 02 @1 4820 86 (14) 153 (13)
” Lz 4 77=x09 16309 [64x18
Mean = SEM 27=10 14216 440

fease »as
T: 11 Tabelled with methyl-JH TdR were added immediately after 1solation of FEM and isotope release

‘arget cells prel
determined after 24 48 or 72 hours of coculture ner st the targetlls
OLPS 0 1 pg/m!{final concentration) was added toget
-

206
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cytolytic activity to K-562 cells observed 1n some
experiments at high E/T ratios, may indicate that
the cytotoxicity of freshly ssolated PEM 1s more
akin to lymphokine induced than to differentiation-
induced monocyte cytotoxicity Assay of the cyto-
static acuvity after 8 days in witro of the PEM
populations that underwent i vitro differentraion
(9) was often complicated by the presence of rapidly
proliferating mesothehal cells (9) In two expen-
ments with hittle or no mesothelial cell contamina-
tion, 2 substantial increase (n the calculated TI from
day 2 to day 8 indicated that in vitro differentiating
PEM again acquire tumour cell cytostatic activity
after several days it witro, n analogy with
differentiating  human monocytes or peritoneal
macrophages (5)

Target cells may have varying susceptibility to
macrophage-medtated cytostasis (15, 21} The
choice of NHIK 3025 as target cells might explain
the more uniform picture of cytostatic acuvity n
these experiments, as opposed to the variable pattern
of target cell growth found by Mantovan: er al (15)
with other target cells However, the K-562 line,

supernatants, suggest that cold thymidine secretion
15 an unlikely mechansm for the observed effects of
PEM on target cell methyl-3H-TdR 1corporation

LPS can enhance the in witro cytostatic and
cytolytic response of differentiated and lymphokine-
activated human monocytes (7) The i wiro
response of PEM was generally low, and no
indication of the presence of a noncytotoxic, LPS

stage of h s

described i a rat system (22) can be inferred frem
the data

Neither does Cp addttion tnduce any dramatic
increase 1n PEM cytostasts with the protocol used
here Whether the observed increase 1n T 1s caused
by lymphokine-medsated or direct effects of Cp (6)
on macrophage cytostatic activity cannot be ascer
tamed from the present data, but i either case the
effect 15 weak

Premncubation with Cp induced lymphokunes in
creased PEM cytostatic activity, but again the level
of activation was lower than that observed wuh
normal human blood monocytes cultured for 3 days
m wtro (6, 10) As the lymphokme and LPS
T on normal human monocytes se¢m

which has been found by us to be ble to the
cytostatic and cytolytic acuvity of human monocy-
tes (8) and to PEM-mediated lysis 1n the expen-
ments shown here, was found to be resistant to
human macrophages (15) and monocytes (14) by
Mantovam et @l This may indicate that other
factors possibly the noted differences n experimen-
tal technique, are responsible for the partly discre-
pant results

The influence of the E/T ratio on the cytostatic
and cytolytic acttvity ts in general agreement with
Mantovant et al (15} However, macrophage
density, rather than the relative number of target
cells, seems to be the most important culture
vaniable nfluencing the cytolyuc activity both 1
antmal (22) and human (8) i vitro systems This
concept seems to be compatble with the expen-
ments presented here It should be pointed out that
the E/T rauos and especially the effector cell
densities used 1n this study are lower than those
regularly used for the demonstration of lympho-
cyte-mediated cytotoxicity (26)

Macrophage cytotoxicity has been shown Lo be
associated with soluble substances released from
macrophages 1 ammal systems (1 2, 3) Further-
more, cold thymudime secreted by amimal macro
phages may mterfere with CytoStasts assays s
PEM supernatants were not assayed for suc:
activity 1n the cxperiments presented here The lac!
of evidence for thymidine like inhibitors 1 hm(nlast;
monocyte (5 6 7 8 10, 14)and macrophage "
supernatants the cytolytic effect observed here, El;l
the results of prelimmary experiments With P

~nQ

0 gecrease with advanced i vro differentiauon (7
8), one may suggest that PEM, isolated at a more
advanced stage of in wno differentiation {han
monocytes would behave more Iike n wiro
differentiated monocytes Data supporitng a similat
hypothests have been obtamed m animal sysies
(19) A second series of experiments comparing 3
lymphokine responsiveness of PEM and monocytes
from the same patient in terms of cytolytic acuvity
IS 10 Progress

The himited data from the expersment
prelabelled target celis indicate that human macro(
phages can lyse human tumour cells, 1 agreemen!
with (25) The kimetics of lysts the dependency 0n
the macrophage density (E/T ratio), the acumulor;
by lymphokines and the probable “"‘“"L :;
progression of lysis are n lie with previous "
obtained with human monocytes cultured it vif! '
(7 8) The low levels of K-562 lysts during the ﬁ;sr
24 hours make the contribution of natural hille
(NK) cells unlikely, as NK-mediated lysts procecds
13) 26)

%gluyn(on 1s advisable when nterpreting data such
as these Clearly much work remains before 2

link can be lished between i 31{¢

CYtotoxIC responses of human macrophages and ﬂ:‘:
processes actually operating 1 2 human mahgna
tumour

ts with

The excellent technical assistance of A Saren(s:tn A t::
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Non adherent effusion cells (EC) meostly lymphocytes were 1solated from the pleural effusions of 8
pauents with malignant and 7 patents with bemgn discase Conynebacteriupt parvum (Cp) induced
mcreased methy! JH thymidine (methyt JH TdR) meorporation m EC cuttures but the response was
Jower than that usvally found with auiclogous or allogeneic normal human blood ymphocytes
Expersments with highly punfied effusion lymphocytes indicated that the response to Cp was influenced
by the presence of adherent cells probably macrophages Normal human monocytes incubated 1 vitro
With supernatants of unstmulated EC cultures expressed shightly ncreased abibty 1o suppress
tmethy! 3H TdR tncorporation 1 a human tumour cell ine Supernatants of Cp sumulated EC tnduced
a further 1ncrease 1n monocyte mediated cytostauc acuvity Cell [ree effusion flusd from 3 patents were
lacgely snactive when tested for induction of monocyte mediated €ytostatic activity i the same system
and the effusion fluid reduced monocyte methy! 3H TdR 1ncorporation i virs Thus Cp seems to be

able to induce DNA synthesis and refease of mononuclear phagocyte actvating lymphokines sn human

effusion Iymphocytes
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Trals of non specific acuve immunotherapy of
human cancer by local mjection of Bacilius Cal
mette-Guerin (BCG) or Corynebactertum parvum
Cp) into the pleural or peritoneal cawity have
indicated beneficial effects (24 26) also i random

2ed trals (18) One of the possible mechanisms may
be local of d with

N 7000 Trondherm Norway

Cp with a1 vitro prohferanon (6, 13, 16, 20) and
lymphokime release (9, 10, 13, 16, 70) The
lympholunes released can activate human blood
monocyles €9, 10 13) and human effusion macro-
phages (12) to increased tumour cell CYtotoxicity
vitro However, the functional response of human
lyl:)phocyls present i siu n the serous cavity

resultant activauon of macrophages with ant-
tumour cytotoxic acuvity {15) Interpleurally njec.
ted Cp 1s mainly distributed locally 1 muce (19) and
L R o

y flud (4, S, 1) 10 Cp has not been
desenbed In this study, the ability of non-adherent
human mononuclear cells 1solated from malignant
or “xmgn effusions 10 respond i vitro to Cp with

and
was exa-
muned In addion, the results
. of e
designed to detect m otk

0TI0CYte activating lymphokine
acuvity in cell free effuston flud are reported
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by the presence of adherent cells probably macrophages Normal human monocytes incubated in suro
with supernatants of unsumulated EC cultures expressed shightly increased abibity to suppress
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largely mactive when tested for induction of monocyte mediated cytostatic activity 1n the same system
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Trials of non specific actve immunotherapy of
Buman cancer by local snjection of Bacillus Cal
mette-Guerin (BCG) or Corvnebacterum parvum
(Cp} mto the pleursal or pentoneal cavity have
ndicated beneficial effects (24 26) also 1n random
2ed trals (18) One of the possible mechamsms may
be focal of t with

Cp with in vatro prohiferation (6 13 16 20) and
lymphokine release (9 10 13 (6 20} The
lymphokines released can acuvate human blood
monocytes (9 10 13) and human effusion macro-
phages (12) to mcreased tumour cell cytotoxicity i
vitro However the funcuonal response of human
lyl;‘nphncy!Es present n siu

resulant activauon of macrophages with ant
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MATERIALS AND METHODS

Human dh effusion lear cells (EC)
were separated from {5 effusion fluds as described 1n
(11} The cellular composition and mononuclear cell
yield from )1 of the effustons have been described 1n
{11} Mononuclear cells obtained by Ficoll/Isopaque
centrifugation were washed twice 1n Hanks' balanced salt
solution (HBSS), and suspended 1n RPMI 1640 (Gibco,
Bio Cult, Glasgow) supplemented with 25% pooled
human ABRh + serum, 0§ mM I-glutamine and 40 pg
gentamicin per ml (HS-M) The mononuclear cells were
depleted of adherent cells (macrophages, mesothehal
cells, and some tumour cells) by tncubauon on plastic for
90 mun as described 1n (11) In some experiments, the EC
obtained after incubation on plastic were depleted further
of adherent cells by nylon wool column passage as
described by Greares eral (7), using 2 § mi column with
600 mg nylon fiber and RPMI 1640 with 10% human
AB Rh+ serum as absorption and eluton medium
Dufferential counts were performed visually on May-
Grunwald-Giemsa-staised (MGG} and a naphtyl-este-
rase staieed {ANAE) (14) drop preparations, as descri-
bed (1)

Human blood monocytes and bmphocyies from
healthy volunteers were isolated from defibnnated
venous blood by Ficoll/Isopaque centrfugation and
plasuc adherence of monocytes (8, 13) Blood lymphocy-
tes from patients were 1solated from heparinized venous
blood samples drawn immediately before or after
colfection of the effusion flwd

DNA-synthesis 1t EC and blood lymphocvtes Was
determined by culturing 106 cells in I m! HS-M
round bottomed 16 x 100 mm glass tubes as described
n(13)

In some expeniments where hmited amounts of
effusion cells were avatlable § % 104 cellsin 0 2 mi HS-
M were cuitured tn the round bottomed wells of 96-well
microplates (Stentlin Microttter) Corynebacterium par-
sum {CN 6966) (9) 2 5 pg/m) {final conc } was added to
some cultures at culture start [n some expeniments

The supernatants were stored at 4 °C for up 1o (v
weeks before use

Cell-free ¢ffuston flud was obtained by centrifuganon
(500 G, 10 min} The fluid was stored at =20 °C for up
to three months Al effusion flwids were filtered befare
use (Millipore, 0 45 )

Assay for human monocyte-mediated ¢ tostasis
Monocyte monolayers cultured for 3 days in viro
{>95% monocytes (9)) were incubated for 24 hours
with EC supernatants difuted 1 2 with fresh HS-M, or
celi-free effusion Nuid The monolayers were then wash
ed once, and the assay was performed with the human
tumour cefl line NHIK 3025 as target cells, as described
1 {13) The results are expressed as cytostatic index (Cl)

cpm (treated monocytes + NHIK 3025) <100

100 —
cpm (untreated monocytes + NHIK 3025)

The cytostatic actrvity of untreated monocytes {cultured
1 HS-M} 15 given for each series of expersments as per
cent target cell inhubition

x 100

100 - 2™ {untreated monocytes + NHIK 3025}
cpm (NHIK 3025)

Target celf cpm 1n the absence of monocytes was 62039
+ 433 cpm (mean + SEM, n = 14)

Stanstics Results are given as mean = SD of
triplicate cuftures tn Single experiments or as mean ¥
SEM of n separate expenments P valves were obtamed
by Wilcoxon s signed rank test for paired samples

RESULTS

Methyl-)H-TdR Incorporation in EC and Blood
Lymphocytes .
The EC obtaned after plastic adherence of
tear effusion cells d low numbfrs

bacttlus Calmette Guérin {BCG) (Statens Ser
Denmark)} or phytohemaggluumn (PHA) (Gibco) 1n
opuumal doses (9 22) was used for lymphocyte
sttmulation Two pCt methyl JH thymidine {methy) 3H
TdR) {sp act S Ci/mM) (I mi-cultures) or 05 pCy
methyl JH-TdR (02 mi cuftures) was added (o the
cultures on day 5 of i vitro culture and the cultures
were harvested after § hours of methy! 3H-TAR mcorpe-

of helal cells, ph and,

twmour cells (Table 1} The rather high spontancous
methyl-’H-TdR incorporation m the EC (Table 2
seemed 10 be refated ta the presence of such tot
lymphotd cells, as nylon wool column passags o
the plastc adherence-punfied EC reduced non-
ly dcell to less than 1% (Table

ration with a Tatertek cefl harvester {22} The
index (S1) was calculated as

mean cpm (cells with Cp)
mean cpm (unstymulated celis)

stants were produced by culturing § x 108
plasuc adherence-purtfied EC (208 gells/ml n HS MY in
24 x 93 mm round bottomed glass tubes with or
without Cp 25 pg/m! The EC supemalams) v:enr:
parvested by centrifugation {500 G, 10 E%u:‘;"m
Millipore {0 45 y) filtranon after 3 days of

EC supern
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1), simultaneously reducing the spontaneous Met-
hyl-3H-TdR mcorporatton (Fable 3) When adhe-
rent effusion cells (AEC, > 90% macrophages)
were added back to nylon wool column-purifi
effusion lymphocytes 1 one experiment (Pauent Y.
Table 3), the spontaneous 1corporaton Incre
agamn [solated mesothelial cells, but ‘no(zl xrs)oiamd
Plasuc adherence-purified EC responded (o Cp
with tacreased methyl-'H-TdR tncorporation, but
with a lower response than normal blood {ympho-




Ms Purified v Flastc Adherence and
dhereat Effusion and Blood Mononuclear Cel
ABLE 1 Compston o v Nylon Wool Column Passage

e
Cett cell [
s Dagnoss soureet weatment® Mp Tumour  Meso
? 764 38 203 00
A Adenotarcnoma E
bodmmmor b omo¥on oW
C Adenocarcinoma
G Squamous cell €ar¢ E P ‘;g)"' :;’) z ga ;"2)
H Squagnous celi carc E ® : To bes
L Araplastc care E i; 3‘; i L A o4 “
z Breasté3rcinoma l;:_ P+N 992 95 oo 03
B 3 ®1 103 - -
B P+N 998 02 ; s —D 0
E 4 935 37
i Ut care E P+N 96 o0 LR 090
B P 938 62 - -
B P+N 999 ot - -
N Pulmonary embols E P ND ND - A;vll“)
3 Pumonary embols E v 90 30 - i
Q Cardiac Failure %) E ? 958 42 - ?
& Plennus wrst ") E P 995 03 ~ 0
* Endocarditis E P 979 21 ~ 00
s Chron pancreatitss E P+N 991 05 ~ 04
B PN 933 07 - -
X Awteriasis € e+N 990 1o ~ 0
B P+N 992 08 -~ -

2 Eflusion (E) or blood (B)

# Plasuc adherence for 90 min (P)and nylon wook column passage (N}
)

© Percent | Ly!

\Mp) tumour c2lls (Tumour) or mesothelial cells {Meso}
D fferential counts 1m MGG stamed EC preparauons afier 3 days of culture In expeniments involving nylon wool

column punficapon the differential counts were made on MGG s0d ANAE-staned preparations made immediately

after punficavon
ND - ot done.

coytes {Table 2} {sofated macrophages (11) and
mesothelial cells {data ot shown) did not increase
thetr methy! SH TdR incorporation in Tesponse to
Cp Nylon wool column punified EC and blood

cells (> 99% obtained
from two patents responded 10 Cp{(Patem S Table
3 and BCG (Patient X data not shown) Effusion
Iymphocyte response was Jower than the blood
Iymphocyte response 1n both these expenments In
o other expeniments (Panent Z and Y Table 3),
the nylon wool column passage almost totally
abrogated the effusion lymphocyte response 1o Cp
although these cells could sull respond to PHA
However the PHA response of antologous biood
fymphocytes idenucally treated was somewhat
fugher The effusion &l respoose 1o Cp was

estored by 2dding back adherent effusion eells (>
90% macrophzges) t0 the nylon wool ooluma
punfied cffusion fymphocytes 1n one experiment
{PatientY Table 3) dicating that the Cp response
Taay be dependent on the presence of adherent cells
probably macrophages 1n the culture

Effect of EC Supernatants on the Cytostanc Actn "W
of Normal Human Monocytes

The supernatants of unstimulated or Cp-stimula
ted plasuc adherence punfied EC cultures were
assayed for Iymphokine acuvity by determintng
herr abikity 10 induce cyrostatic activity i normal
human monocyas (Table 4% Smaht 1o moderate
INCTEASES 1N CYIOSAUC actvity compared ¢ unires
ted monocytes were usually seen with unstirulated



TABLE 2 Methyl-3H-TdR Incorporation in Plasuc Adherence-purified EC in Response 10 C parvum

Patient Non sumulated CN 6966
MALIGNANT cpm (£ SD) cpm (£ SD) N
A 19 096 (2025) 64 026 (7401) 34
B 16 696 (9632) 21 995 (314) 13
g 6 544 (378) 34 909 (9085) 53
g 12 897 (4757) 30 287 (11103) 24
H 19 178 (1149) 44 996 (7370) 24
799 (214) 861  (352) 1B
Mean = SEM 12 535 = 3045 32 854 = 8700 27206
BENIGN
N §55 (3 4 488 (70) 81
Q 1234 (159 3370 (538) 27
R 338 4n 2982 (143) 88
w 8 531 (1965) 38 003 (6984) 45
Mean = SEM 2 664 = 1964 12 210 = 3603 6025
NORMAL BLOOD
LYMPHOCYTES
Mean = SEM (n=6) 1973 = 13 53279 = 6138 423 x99

*Sumulation index

TABLE 3 Methy1-3H-TdR Incorporation in Nylon Wool Column purified Effuston and Blood Ly mphoc fes from the
Same Indnidual in Response to C parvum and PHA

Cell Cell Nea PHA
Patient source treatment sumulated CN 6966
cpm (£ 8D) cpm (£ SD) N cpm (£5D)
s E P+N 4 352 (41 15 601 (775 36 ND
B P+N 1 534 (405 79 140 (5885) 516 ND
z2 E P 7149 (11D 10 133 (595) 14 ND
8 P 328 (26) 9151 (471) 279 ND
z: E P+N 308 (26) 764 (48) 25 4592 (409
B P+N 97 13 4372 (39N 451 6 666 (360
34)
Y4 E P 2 669 (152) 6994 (341) 26 12 428 (10.
B P 80 (13 2992 (364) 374 11 872 (1144)
)}
3 E P+N 173 (1) 170 Q10 10 030 (76
Y B P+N 91 0 1135 (56) 125 16 527 (1536}
ya E P+N+AECr 02% 626 (164) 1241 0 20 ND
E P+N+AEC 2 % 4 452 (396) 7157 (91 16 ND
E P+N+AEC 20 % 6 431 (183 14 546 (1670) 23 ND

) Microtiter (0 2 mi) cultures
b} Adherent effuston cetis (AEC) p?
a rubber policeman washed 1n

indicated percentage of AEC m the culture
Other abbreviations as m Table | and 2

214

149
687
1484

580
1816

urified by plastic adherence (>>90 % macrophages) were removed by scraping with
1S M, and added back to autologous column purified lymphocytes to give the



TABLE 4 Cytostanc Actvity Induced i Normal Monocytes by EC Supernatants

EC supernatants.
from patent

Cytostatic Index (CD) (£ SD)

Non sumulated Cp stnmulated C{ change
MALIGNANT EC supernatant EC supernatant with Cp
A + 4206 +214 02 +172
B 13407 «239(13) +105
c +130(16) +283 02D +153
H + 040040 +7405 + 70
L +106 (02 #1730 + 67
Mean £ SEM + 83226 +197 235 +13x21
BEMGN e
N + 02048 + 1845 +
[ +14300 +243 (04 +100
Q +201 (19 +195(29) ~ 16
¥ - 3805 +2819) +266
Mean * SEM +30x59 +171x52 + 9263
Rormal human monocytes were meubated with EC supernatants diluted 1 2 from day 3 to day 4 of monocye culrure
Target cells (NHIK 3025) u

tplicate Percent target

EC supernatants Cp addition to the EC cultures
fesulted 1n increased levels of monocyte activating

AUty m seven experiments and virtually no
change 1n two

Efect of Cell free Effusion Flusd on Normal Human
Monocytes

The poseih 1 sy ehns camt &2

Olocol simular to that used for EC supernatants
*oof the fluids from patients with bengn disease
duced 2 small but signuficant enhancement m
onocyte mediated cytostatc activity the rest being
active (Table 5} To check for unstable monocyte
I“Vilmg activity  monocytes were exposed to

vwever only small eflects of similar magnitude as
195¢ shown 1n Table 5 were observed (data not
10wn)

The effects of the effusion fluds on normal
'onocyte methyl JH TdR INCOTPOration were exa
ned afier |-4 days of monocyte exposuire to
eral effusion fluid diluons Suppression of
1onacyte methy! *H TdR imcorporation was found
"th all projocols tested. as evemnhifiod i1n Table §

n fresh HS M were added on day 4 Each EC supernatant was tested tn one expenment in
celt inhubition of untreated monocytes was +45 + 87 (mean + SEM n =9)

DISCUSSION

This study ndicates that non adherent cells, predo-
minantly lymphocytes, from human malignant and
benign effusions can respond to Cp i virrp with
increased DNA synthests and release of lymphoki-

nes capable of mnducing enhanced cytostatie activity
inhuman monnmrtsc Tha affe 1

Cp¢
24

ms The effusion cell

| T N T
e T
EETEEEN waa
EC populations contay

partiy Le yue to such mechams;
Tespor -~ ¢ (7
1solate !

o

d onses experiments The data
Indicate that the effusion lymphy T
o thut the 'L lymphocyte response 1o
of auto

tes Sir - -

Low tr

inflamr

a, 2

passaged EC were probably enriched 1 Tecells (73,



TABLE 5 Cytostatic Aciivity Induced in Normal!
Monocytes by Cell-free Effusion Fluids

Effusion flmd Cytostatic Index (CD)

from patient Mean = SEM »”
MALIGNANT

E -78x 86 ns
1 -27=% 84 ns
J +93=x111 ns
M +59% 43 ns
Mean £ SEM +12% 39

BENIGN

N +90 % 34 0031
P ~65x 82 ns
T -30 46 ns
v +67x 21 0031

+16x 37

CONTROLS

HBSS -47% 25 ns
E tumour cell® -22=% 35 ns
supernatant

Normal human monocytes were sncubated from day 3 to
day 4 of monocyte culture with cell-free effusion fluid,
HBSS or tumour cell supernatants drduted { 3 1n HS-M
Target cells (NHIK 3025) in fresh HS-M were added on
day 4 Each effusion flud was tested in five separate
expeniments Percent target cell snhibition of unitreated
monocyies was +50 = 69 (mean = SEM,n = 5)
» Compared to untreated monocytes
) Cell-free 24+-hour supernatant {HS-M) obtawned from
in wiro passage no 17 of adenocarcinoma cells
cultured from the effusion of patient E

as < 85% of the lymphocytes exhibited the dat pat-
tern of ANAE reactivity, which has been described
as a T-cell marker (14) Considening that Cp 15
for human T-lymphocytes (6}, the data
may be compatible with a reduced in vitro response
1o mitogens of effusion T-cells relative to circulating
blood T-cells
Mononuclear phagocytes are requised for antigen
presentation to lymphocytes (22) and have been
shown to regulate the prohferation tn stimulated
h (22) The of the eflusion

;11 ;csxxmse to Cp by removal of. adherent cells, and
ne ¢xpersment by

the restoration of the response n O!
adding back such cells, may llndnc‘:te ll:al the

fnﬂammal.ory Iymphocytes 1§ due to different
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TABLE 6 Effect of Cell-free Effusion flud on
Methyl-3H-TdR  Incorporation in  Normal Human

Monocytes
Effusion fluid
from patent Dilution cpm (< 5D}
A 13 533 (59)
110 603 (36)
E 204 (28)
110 627 {193)
None (HS-M) 1598 (46)

Normal human monocytes were incubated from day 3t
day § of in vitro culture with cell-free effusion fud
Methyl-}H-TAR incorporation was assayed on day §
after a S-hour pulse with 2 pCi methyl-3H-TdR/ml 10
fresh HS-M Mean of triplicate culiures

fi ] abithtres of y macrophages
and blood monocytes remains to be examuned
Adherent cells did also seem to be respansible for
the high spontaneous methyl-*H-TdR 1ncorporation
in plasuc adherence-punfied EC ‘Whether this
resulted from the presence of spontaneously probfe-
ratng mesothelial or tumour cells, or from 2
stimulating effect of adberent cells on autelogous
effusion lymphocytes (2), cannot be decided from
the present data
The experiments with EC supernatants suggest
that effusion lymphocytes are capable of producing
Y phok m Mo 10 Tee
sponse to Cp, in the same systeat previously used to
demonstrate lymphokine release from human pen-
pheral blood lymphocytes (9, 13} The tmduced
cytostatic actvity was somewhat fower than that
usually observed with peripheral blood Jymphocytes
9, 13) The cell yeeld m the experiments Wik
column-purified lymphocytes was 100 Tow to allow
direct companson of the lymphokine production 11
plood and effuston lymphocytes
The fallure to demonstrate mon
actvity n the effuston fluid may be
expenimental conditions  Storage of effusion flud
may Jead to inactivation of unstable factors In
addition, the possible presence of inhibitory factors
(17) or effusion fluid components mfluencing thein
vitro monocyte culture conditions adversely should
be excluded by fractionation of effusion fluids The
data presented here are not sufficient allow ﬁ!:}
)\ Juction

the it who P
ceffs Factors sndu

have been descnibed

ocy1c~acuvaﬂ!\s
related to the

I
lymphokines by mflammatory
cing macrophage proliferation



by others m Inflammatory exndates 1 rodents 25)
and possibly also mm man {3)

Further study of human cells recovered from
nflammatory reactions seems 10 be required to test
ypotheses based om am witro observations or
research on experimental animals

9
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Donaisky O An immunoelectrophoretic analysis of the Strep sangwss and adult human or[:l mucous:l
antigen extracts used for ummunological mvesngations of recurrent aphthous stomauus Acta pat
microb ol scand Sect C 88 219-225 1980

Water soluble antigens of Strep sangs swan 2A ATCC 10556 and adult human lc-rzl r:“c:.:
{AHOM) were analysed by four immunoelectrophoreuc methods Crossed 1mmunoel ec;mp o:h .
(CIE} using rabbit anubodies raised aganst the soluble antigens revealed 26 anugens in the smnl 2{6
Sirep sangu s antigen extract and 16 anugens in the standard adult human oral mucosa extract Al d
Uep  JA anugen anubody precipiates observed i the CIE were identified as streprococca!
cmponents Eleven of the AHOM anugen antibody precipitates 1 the CIE were derived from human
serum proteins and hemoglobin present m the crude AHOM Ag extract. Five of the latter precipitates
053bly were caused by oral mucosal antigens The AHOM Ag ewiract contamed four bacterial
‘ontaminants None of them mfluenced the crossed immunaelectrophoretsc AHOM antigen anubody

veference pattern in the present study

Key words Stomanus aphthous tmmunology electrophoresis

O Donatsky Department of Odontology Glostrup Hospital DK 2600 Glostrup Denmark
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Several immunologic nvestgations have shown
4 cefl mediated 1mmuntty (CMID and humoral
munity (H1) against oral mucosa antigens and
eplococeal antigens are characteristic features m
3ents with recurrent aphthous stomatitis (RAS)
67891011 1213 14 15 16 22 23 24

26 27 28 29) These investigations however

“I¢ crnied out using crude water-soluble antigen
tracts of homogenized human ofal mucosa and
‘replncoccus sanguis stramn 2A. ATCC 10556 The
SNt study was undertaken tn ordes to obtain a
:tter Wenufication of the various antigen compo-
<nts For this purpose the anugens 1n some of the
Teviously used crude antigen extracts were analy

sed by immunoelectrophoretic methods Further 1t
was attempted to obtain antigen antibody reference
systems whch later could be applied to screemng of
sera from patents with RAS for Pprecipstating.
antibodies agatnst aduft human oral mucosa and
Streptococcus sangurs strain 2A ATCC 10556

MATERIAL AND METHODS

Preparat on of ant gens Biopsy specimens from chimcally
normal unkeraunized oral mucosa were obtamed from
100 chimucally healthy persons with no $1g0s or symptoms
of RAS Al biopsies were punch biopsies {diameter §
mm) extenging about | mm into the connecuve tissue
The biopsy specimens wee washed 1n steruie saline for



5-10 s snap frozen on dry we and stored unul
preparation at =80 °C The oral mucosa extract was
prepared as fotlows The biopsy specimens were cut into
small pieces suspended 1n Hanks balanced salt soluuon
(HBSS) and homogenized 1n an M SE rotating knife
ussu¢ homogenizer at 15000 rev/min for 7 minutes The
homogenate was kept overmght a1 4°C and then
centrifuged at 1000 x g for 20 minutes yelding 17
mitliitres of supernatant with a Pprotemn concentration of
31 mg/ml (Lowrys method) The supernatant was
stored in small aliquats at ~20 °C Routne microbiolo
gic examunation of the supernatant was performed and
no mycoplasms vira or fung: were isolated Bactenolo
gic examination however revealed a hemolytic oral
streptococct Actinomyces odontob icus  Staph aureus
and £ colt These bactenial strains were stored at ~80 °C
and later prepared as outlined below

Five mullditres of the contaminated oral mucosa
Supernatant were sterile filtrated through an 027 pm
Millipore® filter The effectiveness of filtratton was
established by a subsequent negative culture growth The
sterile oral mucosa supernatant was stored in small
ahquots at —20 °C

Strep sangues strain 2A ATCC 10556 o hemolyuc
oral streptococct  Acnnormees  odontobt cus  Staph
aureus and £ colt were used for the preparauon of
bactertal antigen extracts The Srrep sangws stram 2A
was a subculture from a stran of Strep sanguis stran

bod;

Pr of rabbit The of
fabbuts was camed out by Dakopats Ltg Copanhapen
Three rabbits were mmunized with the exwass of
bactenally contarminated adult human oral musesy
(AHOM Ag) stenle adult human oral mucosa (STER]
AHOM Ag) and Strep sangus stram 2A (Strep 20
Ag) respectively The injections were grven intader
mally with 100 pl of the antigen extract suspendedin 100
wl of Freund s incomplete adjuvant at an mtenal of 14
days for the first four injections and of 4 wecks for we
following four Bleeding was performed 10-17 dus
after the last of the first four myecttons and 10-12 days
after each of the following four The rabbus wmere
sacnificed 10~12 days afier the last mjecuons

Furification and concentration The rabbit immunog
fobulin G and A fracuons were punfied and concentrated
according to Harboe & Ingild (17) and stored at 4°C
The anubodies obtained from the different bleed ngs
were immunoefectrophoretically analysed as described
below Finally three standard reference pools of the
antibodies (AHOM Ab STERI AHOM Ab and Strep
2A Ab) were obtaned by miung equal pars of
antbodies from the different bleedings The protun
concentratons (Low ry s method) of these three reference
antibodies were AHOM Ab 90 g/t STERI AHOM
Ab 105 g/l and Strep 2A Ab 90¢g/1

i lectrop methods
phoretic analysis was performed using !

(R) 2 Crossed

Rocket
\ecure-

2A that was originally 1solated from recurrent aphth
ulceration and that appears to be related to or dentical
with Strep sanguis group H ATCC 10556 (4) The
other bacterial strams were isolated from the present
adult human oral mucosa extract These strains Were
tdentified according to usual bacteriologic principles in
The Department of Chnical Bacteriofogy Insutute of
Medical Microbiology Rigshospitalet  Unnersity of
Copenhagen The five strains of bactena were cultured
separately on 5% horse blood agar supplemented by
>east extract The streprococal strans were aerobically
incubated at 35 °C for 3 days The stramns of Staph

aurcus and E colt were sumilarly incubated for 30 hours

The stramn of Antinonn ces odontoh hcus was anaeroby

cally cultured for 3 days mn a2 glove box system as
earlier described (21} The bacteria were scraped off the
plates and washed (hree times i sterile 0 9% saline
(12000 x g for 10 mn} One gram wet weight of the
different bacterial strains was suspended 1n 3 ml distilled

H-0 2nd disintegrated by somcation performed at 20
L

staphylococer (gram positive bactaria) and 3 & sl
the stram of E colt (gram negatne bactena) The
disinteyrates were ceninifuged at 48 200 x g for one
hour at 4 C The sonications resulted in the fol!ox: |:§
collotd of the

refractometrv) Strep sangws stram 2A 85 g/t =
hemolytic oral  Streptocdcct 197 g/l Artmvmdlc;:'s
odontol 1 us 65 g1 Staph aureus 16 gl an
coft 19 g | The bactenial supernatanis were stored

small alquots at =20 °C
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phoresis (CIE) 3 Crossed line immunoelectrophores s
(CLIE) with antigen 1n an intermediate gel and 4
Crossed mmunoelscirophoresis with anubody v @
intermediate gel (CIW 1G) The equipment 2nd procedu
Tes were as outhned by Axelsen et al (3) The gel wasy
one percent agarose gel (HSA Litex) in barb 1al uller
(pH 8 6 tomic strength 0 02) on (0% 10 emor § X 7
em glass plates The first dumension electmphomﬁw’re
run at 12°C applying [0 V per ce for one hour of S
min respectinely The second dimension electrophoreses
and the rocket immunoclectrophoreses were nun at
12°C applying 25 % per cm for 20 h The gels were
subsequently pressed dnied stamned (Coomassie brillant
biue) desned and dried The anubodies obtained at the
different bleedings were screened by rocket immuno
electrophoresis Wwith the respective anugens and apubo
dies m sanyng ranos Depending on the m‘ubod)
as d by rochet “':1
phoreses crossed mmmunoelectrophoreses were nmas
out using {8 1l of undiuted standard anugen exur
In the first dimensions and 8-15 pl of rabbu referent
anubodtes per ¢m? 1 the second drmens on gels The
Strep IA/Raanu Strep 2A crossed smmunoelectio
phoretic patterns were checked for possible antibod &8
rused against the culture medm Rocket lmmunt?;
crossed an
crossed Iine immunoelectrophoresis  were performed
with sonicated culture medium estract and Ra ant Sutp
2A 1n varymng antigen antibody ratios The AHOM/R2
ant AHOM crossed 1immunoclectrophoreuc patterns
were examined for possible precpiates derned from
contaminaung bacteria  human serum  proteins or




eythrocyte componests 1 the AHOM extract used for

Rocket -0
immusoelectrophoresss  and  crossed fine  1mmuno
dlerophorests were performed wath the bactenal
etacts standard human serum (Bebring Institute) and
ebrocyts membrane extract (FMB) (S) against the
ooy ann AHOM anubodies mn varymg anugen
antbody ratios Crossed 1mmunoelecirophoresss with
hbody n an imermediate gel was performed with
B¢ anu human whole serum protetn (20 plicm?)
Wakopatts cods po 100 SF) or rabbit anu EMB
astibodies (20 31 /cn?) (Behning Insutute and Dakopatts
de 10 AlO4) 1 the mermediate gels The same
analyss was performed with 10 1 of EME extract 1n the
it dimenson run rabbst ant EMB (12 pl/em?) m the
s2nd d mension gel and raised Ra antt AHOM (20 /s
o) 10 the (mtermediate gel The antigen extract and
bod es sed for the EMB reference system were
budly provided by Dr O J Byerrum (5) The rabbu

Pemmamzauon sera were screened by crossed
we - n

2
f

Premmunization serum per cm? 1n the second dimension
)

Absorpi on experiments The Ra ants AHOM antbo
s assed were assed through CNBr acuvated Sepha
105 4B columns (Pharmacia Fine Chermicals) coupled
¥tth Standard human serum (Behring Institute) concen
Wl © the onginal volume with an »lmmersibte
Molecular Separator Kita (Millpore®) and absorbed
*U erythrocyte lysate (100 bl lysate | ml washed
Packed erythrocytes + 9 mi disttled Hy0) added to §
of rabd t anubodies)

RESULTS

All the tirce standard antigen extracts (Strep 2A
A2 AHOM Ag and Stert AHOM Ag) used for the
€ immuneauons induced symilar ymmune
Tesponses The number ol precipitates did pot
“Hange from the first bleeding to the fina bleeding
However the anubody utres agarnst the different
ngens increased In the final study therefore the
2atdodies obtained from the different bleedings
Were muxed by equal parts resulng m three
Standard antibody pools (Strep 2A Ab AHOM Ab
and STERT AHON Ab)
¢ immuncelectrophoreuc pattern of Strep 2A
Agand Strep 2A Ab sshownmFig 1A Twenty
X previpiauon hines could be observed  Tre
Prespitates were enumerated from the anode as
dicated i Fyg 1B Sonrcated culture medwum run
BURSIStrep ZA Abwith VATyIng antigen antibody
131105 dud fiot reveat any precipitates Furthermore
With somcated culture medium 1 the
ediate gel did ot change the Ag Abreference
1 No precipitates Were revealed Preimmu

e
Paltert

Fig I A Crossed tmmugoelectrophoresis w

e g2 (CIW1G) of Srep 34 Avg @ aganx‘n;le:rme
1A Ab (10 WiemY Salige )y the o
Twenty six precipitates were demo,
B Enymecation of the precp tates

totermediate e
nstrable
mfg iA
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Fig 2 A Crossed immunoelectrophoresis with interme
drate gel (CIWIG) of AHOM Ag (40 ul) against AHOM
Ab (16 pl/em?) Salme in the intermediate gel Sueen
precipitates were demonstrable

B Enumeration of the precipitates in Fig 2A

nization serum was used 1n the second dimension
gel of CIE together with Strep 2A Ag i the first
dimension run

The 1mmunoelectrophoretic pattern of AHOM
Ag and AHOM Ab 1s shown in Fig 2A Stxteen
precipitation Imes could be observed The precipitz
tes were enumerated from the anode as mdicated 1n
Fig 2B No precipitates were revealed 1f preimmu
ngzation serum was used 1n the second dimensiont
gel of CIE together with AHOM Ag n the first
dimension run

CLIE with the sonicated extracts of a hemolyt
oral streptococct Actinomy ces odontoly ticus Stap!
aureus or E colt 1n the mtermediate gel did nc
change the AHOM Ag Ab reference pattern

r

S

Oran
Fig 3 Crossed immunoelectroph ¥
ate gel (CIWIG) of AHOM Ag (40 pl) against AHO'
Ab (32 pl/cm?) Prior o the electrophoretic analysis the
AHOM Ab were passed through a CNBr activated
Sepharose 4B cotumn coupled with standard humz:
serum Seven precipitates (nos 6 8 11 12 14 15 an
16} could still be seen

oresis with intermedt



1CM

|
L -

Fg 4 Crossed immunoelectrophoresis with intermed:
ate el (CIWIG) of AHOM Ag (40 ) against AHOM
Ab(32 yl/emn?) Prior to the electrophoretic analysis the
AHOM Ab were passed through a CNBr acuvated
Scpharose 4B column coupled with standard human
strum followed by absorption with erythrocyte lysate
Fiveprec pates (nos 6 11 12 14:and 15) could stult be
ety

CLIE and CIWIG with standard human serum
(SHS) or rabbit ants human whole serum protein
antibodes 1n the intermediate gel revealed that the
Teference preciptates nos 1 2 34 5 7 9 10and
13 (Fig 2B) were denved from human serum
Proteins (HS) and rabbit anti HS present mn the
AHOM Ag and the AHOM Ab respectvely

Figure 3 shows the AHOM Ag/AHOM Ab
Mmunoelectrophoretic pattern after the AHOM
Ab were passed through the CNBr-column coupled
With standard human serum The precipitates no's
1234579 10and 13 have disappeared

The CLIE and CIWIG analysis with EMB and
a0t EMB anuibodies revealed that precipitate no 8
(Fig 2B) was denwved from () and

bsorption with erythrocyte ysate The preaputates
:o:r‘l’ 3345789 10 13and 16 bave
disappeared
The STERY AHOM Ag/STERI AHOM Abim
munyzation pattern was similar to the AHOM Ag/
AHOM Ab pattern as far as number of precipitates
i of p and anti
body titres were concerned

DISCUSSION

The results show that the methods for production of
antisera and isolation of IgG and IgA according to
Harboe & Ingild (17) are applicable 10 obiaming
antibodies against crude water soluble Strep 2A
AHOM and STERI AHOM anugens They fur
thermore show that vanous immunoclectrophoretic
methods are applicable to establishing Strep 2A and
AHOM Ag Ab systems as well as to 1dentification
of antigen components 1n crude standard Strep 2A
and AHOM antigen extracts

With 26 different precipitates the Strep 2A Ag/
Strep 2A Ab reference precspitation pattern obta
ned by crossed immunoelectsophoress (CIE) certa
smly 15 complex However none of the precipitates
apparently was derived from culture medmum
components or from antibodies rassed owing to
nsufficient wash of the sir

Combmed with a reference precipiin system
crossed immunoelectrophorests with an mtermedi
ate gel (CTW1G) has been found a powerful method
for of mn

L infections
Mycobacterium leprae infections and Actinomyces
israefu infections as well as for charactenzation of
anubodies aganst Bordetella pertussis m human
sera(l 2 18 19 20) In sera from patients with
recurrent aphthous stomatitis (RAS) immunofluo-
tescence studies have shown a sigrificantly rawsed
level of antibodies against Strep sangs strain 2A
(10 11 13) The present Strep 2A Ag/Strep 2A

Ab reference system therefore seems promising
for future characterzation of anubodies agamst
Strep 2A 1n sera from panents with RAS

The immunoelecirophoren mvestigations revea

led that the crude AHOM extract was contamrnated
with four strains of bacteria The a hemolytic

Tabbut anty Hb present 1n the AHOM Ag and the
AHOM Ab respectively Precipitate no 16 could
00t be wenuified 1w the present EMB reference
system (5)

Figure 4 shows the AHOM Ag/AHOM Ab
mmutoclectrophorstic pattern afier passage of the
AHOM Ab through the CNBr-olumn followed by

and odontoly ticus possibly
are contamtnants {from the normal oral bactersal

Nora The Staph aureus and the £ coli most ikely
are contaminants owing to non sterile procedures
The counts of bacteria were small with no influence
on the AHOM Ag/Ab reference system

However the immunoelectrophoretic analyses as
well as the absorption expenments suggest that



mast of the water-soluble antigen components of
the crude AHOM extract are human serum proteyns
and hemoglobmt The cor: precipiins 1n
the AHOM-Ab were absorbable resulting n five
reference preciptiates {nos 6, 11, 12 14 and 15,
Fig 2B) These five precipitates seem to be derived
from adult human oral mucosal antigen compo-~
nents and their Corresponding rabbi annbodses

Experiments on the identity and specificity of the
non absorbable AHOM.Ab are now 11 progress
The present AHOM-Ag/ Ab reference system seems
promusing for future characterzation of oral ruco
sal b and m recurfent
aphthoys stomatstis

Finally, the results stress that before any further
mvestigations of cell mediated immunity (CMD) 1n
RAS are performed it 1s important to remove
human serum proteins and hemoglobin from the
human oral mucosal anngen extract These compo-
neants probably have been present m all the human
oral mucosal exfracts previously used for CMI
mvestigations m RAS (6 7,9 10 1, 24,27)

The study was supported by the Damsh Aledical
Research Counci {Grant No 532 10))3) The amhor 15
grateful 10 Drs T Jusiesen B F Vesterggard and A
Lind who performed the microbiologic examinations to
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gwiding the preparation of bactenal antigen extracts fo
Dr T Plesner for advice and gmdance 1n the perfor
mance of affinity chromatography to Dr O J Bierrtum
who kindly provided the EMB reference system and to
Mrs Susanne Noack and Tove Johansen for skillful
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Serum opsonic acuvity against a strain of group B memungococc: was measured by the mstial merement
n leukocyte Ch was markedly enhanced by
serum and was dependent upon both thermostable and thermotabie factors It was higher
convalescent sera from patieats with meningococcal disease than from other pauemts and normal
controls  Absorption of sera with the homologous strain substantzally decreased the opsonic activity
Convalescent serum from a patient with group C meningococcal pericardius showed high opsonic
acuvy towards a group B stran A serum showed higher
acuvity towards 1ts homologous group B strain than towards another group B menngococcal stram  As
measured by chemiluminescence properties besides group specificity are of importance in opsonization
of memngococet The simphicity and precision of the chemiluminescence measurements seem 16 offer an
improved tool for the study of meningococcal disease 1mmunology

ey words Opsomns memingococer chemiluminescence

Vidar Lehmann Medical Department B N 5016 Haukeland sykehus Bergen Norway

Recewed 21079 Accepted 11 80

Memngococn require specific antibody and heat
labile serum factors 1n order to be fagocytosed and
killed by polymorphonuctear leukocytes (PMN 6
7) Opsonization of the bacterna 15 therefore of vital
'mportance for adequate host defence against
meningococeal disease

Recently a sensitive technique has been develo
P4 which measures activawon of PMN dunng
Phagocylosis (1) Followng particle ingestion the
microbicidal mechamusm of the PMN 15 actvated
and excited molecular otygen and carbonyl groups
are generated Upon relaxation to the ground state

st molecules emit photons resulung m a
chemiuminescence (CL) which can be detected and
quantiated in a hquid scintiflation counter Re
“nily this techmique has been used for the
measurement of streptococeal opsomns {4) and
noaspecific opsonic actvity (S)

The purpose of the present study was to examyne
whether the CL techmque could be employed for the

measurement of the opsomc actvity of serum
aganst meningococa

MATERIALS AND METHODS

Leukocye preparation 10 pants freshly drawn hepartns

2ed (18 U/mi) whole blood were mited with 3 pars

dextran soluuon (60 mg/mt Pharmacia Sweden) and
at room After

the supernatant fluid (500 g $ min) and washing twice 1n

phosphate buffered saline (PBS ~ 4500 m disulled

Waem €1 ame

N .

s

@

of

wuu Ui FMN concentration adjusted (o | 107

cells/ml Monocytes were present yn a
et/ mounts of 2-16



Bacteria Bacternal strains were kindly supplied by the
Dept of Microbiofogy, The Gade Insutute, University of
Bergen Unless specified, the experiments were perfor-

cytosis dunng the CL procedure, 1 drop of reaction
mixture was dispersed 1n 1 drop of albumin solution {5
8/di) on a microscope shide, spread, dried fixed 1
staned with Giemsa sofution and examined

med with a stran of Nessena dis group B
(12809/79) ssolated from a 45-year old woman with
memngitis The origsnal strain was kept freeze-dried and
always used within § passages of the original 1solation
The bacteria were cultured overnight on heart nfusion
broth (Difco) agar plates (1 $g/di. DS T agar Oxoid) at
37°C 1n the preseace of CO; and moisture For
Pphagocytosis experiments, plate scrapings were 1nocula-
ted tn heart 1nfusion broth containing 0 { g/dl of agar
and 1incubated aerobically at 37°C with vigorous
shaking The bacteria were harvested 1n the log phase
(23 h) After centrifugation the bacterial pellet was
washed 1n PBS and then resuspended 1n HBSS containing
05 g/d! of albumun, to an optical density of 1 00 (Beck
man DB spectrophotometer, 620 nm, 10 mm light path)
In this solution, the bacteria retatned their viability for 2
h at room temperature Enumeration of viable bacteria
was performed by spreading serially diluted samples on
heart infusion broth agar plates An optcat density of
100 corresponded to 38 + 16 |08 colony formung
units/m! (mean + 2 standard deviauons)

Sera Homologous convalescent serum (o strain
12809/79, drawn 3-8 weeks after the onset of dsease,
were used 1n most experiments In some instances (see
text), other convalescent or normal sera {poofed fiuman
serum, PHS) were employed, and guinea prg sefum was
used as a source of complement The sera were kept at ~
70°C, and when speafied, nactivated by heaung at
56 °C for 30 mn prior to phagocytosis experiments For
absorption studies, 1 mi of convalescent serum diluted
{ 1 1n PBS was incubated for 30 min at 4 °C with 2 109
homologous bacteria and reganed by centnfugation
prior to the measurement of opsonic activity Equally
diluted controls were mcluded

In one expertment portions of 1 2 108 bacternia were
mcubated for 30 ot at 37 °C with 0 2 ml of either

serum  heat serum
with or without complement or complement alone After
removing the supernatant fluid by centrifugation the
bactenal pellets were washed in PBS resuspended n
HBSS with alburmin and examined by the CL procedure
(vide 1nfra) to determune the efficiency of preopsontza
tion

Chemiununescence procedure 05 ml bactenal su
spension 0§ ml PMN suspension 0 2 ml serum (when
used) 0 2 ml complement (when used) and PBS to a final
volume of 3 5 ml were preheated to 37 °C then mixed 11
Beckman Poly Q scintillation vials and kept at 37°C
Controls without bacteria serum complement or PMN

ded The vials were kept in darkness and aLI
re carrted out in shaded light CL was rea
:sm:::rl\r:z:;etseper munute (CPM} for pertods of 30s at
10 min ntervals 1n a Beckman 100 scintiflation counter
out of phase and with one photomultiplier disconnected
To assess the opsonic actvity of serum the CL counts

were 1nclu

mucroscopically The concomutant kelling of bacteria was
determined by transferring 001 m! of the reachon
muxture to 1 mi distilled water to lyse PMN (6) and then
diluung further 1n HBSS with albumin to determine the
total number of surviving meningococet

RESULTS

The addition of serum to a mixture of bactersa and
PMN resulted 1 2 marked increase i CL (Fig 1)
Homologous convalescent serum induced a more
rapid increase and a higher peak than PHS
Controls devoid of serum showed low CL counts,
increasing slowly with tme Simultaneously 2
rapid and marked decrease tn the number of viable
bactena occurred 1n the reactton mixture contatnng
serum, while controls showed only moderale
changes 1n bacterial viability (Fig 2) In the bactensal
concentration range used, bactericidal actvaty of
serum was not demonstrated Microscopic examina-
tion revealed that the addition of serum resulted 1na
marked ngestion of bacteria by PMN, while m the

1 1 | )
0 20 30 40 50 60 min

Fig | Chenuluminescence 1n reaction mmurcsd(:f
feu in the

Il I 1

"
from controls devord of serum were at each

ume interval
hagocytosis and pactertat killing To visualze phago

and
poly
presence of homologous convalescent Serumm {a) pooled
human serum (b) and in the absence of serum (c)
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colony forming
units/ml

107

20 w0 60 min
12 2 Total number of viable meningocacet in a reaction
wature of leukocytes

2 serom () Controls without serum (b} without
eukocytes () and bacteria alone (d)

absence of serum phagocytosis could not be
demonstrated 1n 60 mmn (Fig 3)

The refationship between CL and the concentra
ton of serum 15 shown mn Fig 4 Peak values
proved 1o be an unrehable expression of the CL
VY because hugh activity yielded sharp peaks
and the interval between the readings had to be
euended to at least 10 mun to allow a reasonable
number of samples to be exammned i one run
However the gradient of the ascendimg part of the
CL curve was related to the concentration of serum
{Fig 4b) Using this gradient the CL actmity could
conventently be expressed as A CPM/mun Ths
WLy was also hnearly proportional to the
tumber of viable bactensa up to 26 10% 1 the
feaction muxture Doubling this aumber increased

by 22 per cent Thus to assess the opsonic
2ty of serum the number of bactena has to be
%Dl constant and results from one experiment
should not be compared numertcally to those of
oihers unless an internal standard (PHS) and
enumeration of viable bactena make 1t permissible

PMN from 4 normal subjects showed no
differences 1n ehating CL. The precision of
wéividual CL regstrations was examined m 13

., .

SR NN

b -

Fig 3 Interaction between polymorphonuclear leukocy
tes and meningococss 1 the presence of homologous

convalescent serum (x) and 1n the absence of serum {b)
after | h of incubauon

R

T e
Fig 4 The relauonship betweem opsonszing serum and
chemifuminescence (CL) Fig 4a shows CL curves at
different serum concentrauons (M [1 4 per cent (v/v)
O 57percent & 43percent ® 28 peccent Q
14 per cend) In Fig 4b the gradent of the mual
ascending part of the CL curves n Fig 4a are plotted
aganst the fespecuve Serum concentrations



Bacterra Bacterial strains were kindly supplied by the
Dept of Microbiology The Gade Institute University of
Bergen Unless specified the experiments were perfor
med with a strain of Neisseria dis group B

cytosts during the CL procedure 1 drop of reaction
mixture was dispersed n | drop of albumin solution (§
8/dl} on a microscope shide spread dried fixed 1
stained with Giemsa solution and examuned

(12809/79) 1solated from a 45 year old woman with
meningiis The onginal strain was kept freeze dried and
always used within 5 passages of the original 1solation
The bacteria were cultured overmght on heart infusion
broth (Difco) agar plates (1 5g/dl DS T agar Oxoid) at
37°C 1n the presence of CO; and moisture For
phagocytosis experiments plate scrapings were 1nocula
ted 1n heart infusion broth containing 0 1 g/d! of agar
and incubated aerobically at 37°C with wigorous
shaking The bacteria were harvested in the log phase
(2 4=3 h) After centrifugation the bacterial pellet was
washed 1n PBS and then resuspended 1n HBSS containing
0 5 g/dl of albumin 1o an optical density of [ 00 (Beck
man DB spectrophotometer 620 nm 10 mm light path)
In this solution the bacteria retained their viabihty for 2
h at room temperature Enumeration of viable bacteria
was performed by spreading senally diluted samples on
heart infusion broth agar plates An optical denstty of
100 corresponded to 38 = 16 108 colony forming
units/ml (mean * 2 standard deviations)

Sera  Homologous convalescent serum to strain
12809/79 drawn 3-8 weeks after the onset of disease
were used 1n most experiments In some instances {see
text) other convalescent or normal sera (poofed human
serum PHS) were employed and guinea pig serum was
used as a source of complement The sera were kept at ~
70°C and when speaified 1mactivated by heating at
56 °C for 30 min prior to phagocytosis expersments For
absorption studies 1 mi of convalescent serum diluted
11 1n PBS was incubated for 30 minat 4 °C with 2 10%
homologous bactersa and regamned by centrifugation
prior to the measurement of opsonic activity Equally
diluted controls were included

In one experiment poruons of 1 2 108 bacterta were
tacubated for 30 min at 37 °C with 02 ml of either
h serum heat serum
with or without complement or complement alone After
removing the supernatant flud by centnifugation the
bacterial pellets were washed 1 PBS resuspended n
HBSS with albumin and examined by the CL procedure
(vide 1nfra) to determine the efficiency of preopsomza
tion

Chemulumnescence procedure 05 ml bacteral su
spension 0 5 m! PMN suspension 0 2 ml serum (when
used) 0 2 mi complement (when used) and PBSto 2 final
voltme of 3 § ml were preheated to 37 °C then mnxeg mn
Beckman Poly Q scinullation vials and kept at 37°C
Controls without bacter a serum complement or PMN
were tncluded The via < were kept 1n darkness and all
procedures were carried out 1 shaded light CL was read
as mean counts per minute (CPM) for periods of 30sat

10 mun intervals 1n a Bockman 100c scmllation wu“::
out of phase and with one photomultiplier disconnects
To assess the opsonic activity of serum the

CL counts

microscopically The concomutant kitling of bacteria was
determned by transferrng 001 ml of the reacuon
mixture to | ml distitled water to lyse PMN (6) and then
dituting further 1n HBSS with albumin to determune the
total number of surviving memngococct

RESULTS

The addstion of serum to a mixture of bacterta and
PMN resulted 1 a marked increase in CL (Fig 1)
Homologous convalescent serum induced a more
rapid 1ncrease and a higher peak than PHS
Controls devoid of serum showed low CL counts
mcreasing slowly with time Simultancously 2
rapid and marked decrease in the number of viable
bacteria occurred 1n the reaction mixture contamning
serum while controls showed only moderate
changes in bacterial viability (Fig 2) In the bactenal
concentration range used bactericidal activity of
serum was not demonstrated Microscopic examina
tion revealed that the addition of serum resulted 2
marked ingestion of bacteria by PMN while n the
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Phagocytosis and bactertal kitling To visnalize phag

H an
;re;ence of homologous convalescent serum (a) pooled
human serum (b} and In the absence of serum (c)



assessment of opsonuc activity than previous phago
tytoss experiments with menngococct

The exact mechamsm of CL during phagocytosis
s ot known but 15 most likely associated with
ondation of components from the ngested micto
organssm (2) Measurement of the mnstial rate of
shagocytosis has been used for quanttation of
opsomin mduced phagocytosis of Escherichia colt
Upopalysaceharides (8) The kanetics of the cellular
oents causing the mtial mncrease m CL are
unknown Nevertheless 1n our study this gradient
correlased well to apsatue activity, and permutted the
teadings to be completed 1 fess than 1015 mn

Too fat yeeching conclusions showld not be
drawn from the prehminary mvestiganons with
copvalescent sera However the hugh CL inducing
acuvity of a group C convalescent serum against a
group B memingococeal stran and the difference
busesn the two group B strams aganst seTum
bomologous to one of them mdicate that immuno
logieal properties besides proup specificity are of
Imporiance i opsonization

Using a chucken embryo model Frasch et af (3)
Saed ot group specific antbodies from group B
Deingocooct showed masnly opsonuzing activity
“hie type speaific antibodies acted more bactersct
al than opsontzing Zolfinger et al {9) showed that
2 vaccine prepared from a group C serotype 2
Memngococcus produced active protection agamst
ffection by a group B serotype 2 memngococsal
Sran n muee and mduced bactericidal actvity
2ganst both group € and B strains 1 human
volunteers These findings and others leave many
“uesions about host defence mechanisms in me
fingococeal disease unanswered So far the role of
the vanous opsonzing factors has not been
determimed However the precision and simplicity
I(CL measurements seem 1o offer a new opportu
WY 10 swdy the immunological aspects of this
distase
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mdividual replicate samples at two different levels
of activity 5 103 and 27 103 CMP The standarg
deviations expressed as percentage of the means (co
efficients of vanation) were 58 and 6 1 respecy
vely

Heating convalescent serum to $6 °C for 30 myn
reduced CL activity to 9 per cent of controls The
addition of complement restored §6 per cent of the
activity Complement alone showed barely detec
table activity and heat mactivated complement no
such activity The CL actvity of nonheated

both serum and complement were essentral for
opsonization

Absorbing convalescent serum with 1s homolo
8OUs stram reduced 1ts CL inducing activity to 35
per cent of comtrols

Preliminary observations were made wath sera
from patients recovering from menngitis due to
other bactersal strains and from one patient with
pericarditis due to group C memngococe: (Table 1)
‘The CL inducing acuvity of sera from convalescents
of ocal disease was umformly higher

convalescent serum was slightly reduced by the
addition of guinea pig serum (complement)
Preopsonization of bacterta with sera (active
serum or heat mactivated serum pius complement)
wgduced CL activity when opsonized bactersa and
PMN were mixed but the actity was 30-50 per
cent lower than when serum or nactivated serum
plus complement was added to the reaction mixture

than that of sera from other patients and PHS One
case of memmngiis cawsed by an wmndentified
bacterial strain showed high CL iducme activity i
serum when assayed agamnst PMN and group B
menmngococet This supported the chmcal impres
ston that the patient had suffered from a meningo
coceal disease

Conval serum was d on its CL

d activity of PMN with either the homolo

Omutting dunng pr 1on redy
ced the CL inducing activity of heat mactivated
serum to 20 per cent of controls ndicating that

TABLE | Chemuumwmescence Inducing Aciniy of

Comvalescent Sera (5 7 Per Cent v/v) i a Mixture (35

mif of Neisseria memungiudis Group 8 (Stravn 12809/ 79

0 7 16% Orgamsms} and Polymorphonuclear Leukocs tes
@5 107 Cells}

Convalescent serum
Chemiluminescence

Pauent  from patient
nuber mfected with ACPM/min 10%
—_——
1 Homologous strain 64
(12809/79)
2 N meningind s group C 61
(16673/79)
3 N meningdis 54
negative cultures
clinical evidence
4 N memnginidis group B 39
(21086/79)
5 S preumontae 15
(0809779
6 H nfl en ae 23
(19518/79}
19

- P «d buman serum

Volume ady ment by PBS mean of 2 experiments SEXy
drawn 3 we ke after onset of disease

gous stramn (12809/79 11 103 bactera) or 2
heterologons stram (NCTC 10025 27 108 bacte-
ra) In spite of the higher number of bactena
present 1n the [atter reacton mixture the CL
1nducing activity was only 25 per cent of that 1 the
reaction mixture containing menimgocooct and the
homologous serum After repeated cultures the
reactivity of the onginal bacternal  stam
{12809 % 79) showed a tendency to Subside

DISCUSSION

ln the present study CL was correlated 1o
phagocytosts and killing of bactena The 1nterfin

of PMN during phagocytosis and/or Kuig 6f u¢
meningococel

CL was enhanced by pretreatment of baciend
with serum and even mofe by the presence of serum
10 the reaction muxture In each procedure the CL
acivity depended on both thermolabile and ther
mostable factors The CL actwiy was higher (1
convalescent sera from patients with meningococeal
disease than from control patients and was mar
kedly but not completely absorbed by a single
incubation with the hemologous stran These
findings are 1n agreement With observations 10
phagocytosis experiments by Roberts {6 7) employ
wg group B menmngocoeet and rabbit PMN and
sera as well as group A and C menigococct and
human PMN and sera However CL most probably
provides a simpler and more precise method for



assessment of opsonic activity than previous phago-
cytosis experuments with meningococc

The exact mechamsm of CL dunng phagecytoss
5 not known but 15 most ikely associated with
oudation of components from the ingested micro
orgamsm (2} Measurement of the 1nutal rate of
phagocytosis has been used for guanutaton of
opsonmn induced phagocytosis of Escherrchia colt
tipopolysacchanides (8) The knetcs of the cellular
ovents causisg the rutal increase i CL are
unknown Nesertheless m our study this gradient
correlated well to opsomc acuvity and permitied the
feadings to be completed 1n less than 10-15 mmn

Too far reaching conclusions should not be
drawn from the prebnunary investigauons with
convalescent sera However the high CL inducing
acuvity of a group C convalestent serum 2ganst 2
group B memingococeal stram and the difference
bemeen the two group B strains against serum
‘Smdiogous o one O them 1MAicate Thal MNIMUND
logical properties besides group specificity are of

I
et -

meningococes showed mamly opsonizing acuvity
while type specific antibodies acted more bacteric
dal than opsonizing  Zollinger et af (9) showed that
& vacane prepared from a group C serotype 2
Memingococcus produced active protection against
wfection by 2 group B serotype 2 menmgococeal
strain p mice and tnduced bacterscidal activity
aganst both grouwp C and B stratns w human
‘olunteers These findings and others leave many
questions about host defence mechanisms 1n me
tungocooeal disease unanswered So far the role of
e vanous opsontzing factors has not been
determimed However the precision and simphciy
of CL measurements seem 10 offer a new opportu
WYy 10 study the immunological aspects of this
disase

~

-

»

-

S

-

o

3

REFERENCES

Aten R C Syernholm R L & Stecle R H

Evidence of the generation of electrone excrauon
state (8) 1n human polymorphonuclear leukocytes
and 1IS parucipaon 1n bactericidal acuviry Bio
chem biophys Res Commun 47 679-684 1972
Cheren B D Chnstensen R L Sperhing R

Kokler 8 E & Babior 8 M The ongin of the

her of

7 ehit Invest. 58 789-796 1976
Frasch C E Parkes L Mchehs R M &
Gerschich E € Protecuon aganst group B
merungococca! disease In Comparison of group
specific and fype specific protecuon m the chick
embr¥0 model J ewp Med [44 319-329 1976
Hemmng V G Halt R T Rhodes P G
Shigtoka A O & Hill H R Assessment of group
B strFPrococeal opsomas 1n human and rabbst serum
by néutrophil chemiluminescence J chin Invest 5%
1379-1387 1976

@ H R Hogan N A Bale J F & Hemm ng ¥
G Evaluanon of nonspeafic (alternative pathway)
opsonic actvity by neutrophil chemutuminescence
(ot Atch Allergy 53 490497 1971

Roberis R B The mteracton m virro between
grovP B and rabbit pot;

lear leukocytes 1 exp Med 126 795-818 1967
Roberts R B The relationship between group A
and C mensmgococcal polysacchardes and serum
opsonins i man J exp Med 737 499-513 1970
Srossel T P Evaluation of opsonic and leukocyse
funétion with 3 spectrophotometnc test i patients.
wip Infecuons and with phagocyuc disorders
Bload 42 121130 1973

Zothnger W D Mandrell R E  Aluens P
Berman S Loxenthal J & Arienstein M S
Saf¢ty and ymmurnogenicity of a Aeisserg men ng
des tYPe 2 protein vacaine in amimals aad humaas §
infe® Dis 137 728 739 1978







< path mucrobiol scand Sect C 88 233-236 1980

PREGNANCY SPECIFIC BETA-1 GLYCOPROTEIN (SP1)
IN PATIENTS WITH TROPHOBLASTIC DISEASE:
MOLECULAR HETEROGENEITY AND A
»SP1 CONSUMING FACTOR«

1 G WESTERGAARD' PH SIZARET? P HINDERSS0N3 J FOLKERSEN? and B TEISNERS

Department of Obstetrics and Gynaecology Odense Umversiy Hospital DK 5000 Odensz Denmark
“Internationa) Agency for Research on Cancer WHO Lyon France Jlostmute of Medical Microbio
fogy Odense University DK 5000 Odense C Denmark

Vestergazrd ) G Suaret Ph Hindersson P Folkersen § & Teisner B Pregmancy spemific bew 3
glycoprotein (SP(} m patients with trophoblastic disease Molecular heterogenety and a SPI
consuming factor« Acta path mucrobiol scand Sect C 88 233-236 1980

The teacuwity of Sera from 19 patients with trophoblastc disease %as analyzed 10 anatyte smmunosiec:
trophoresis using rabbit ant human pregnancy specific beta | glycoprotemn (SPI) anusera Molecular
b of SP1 was in crossed and a »SPY consuming
factars: was found 1n serym [from a patient with choriocaremoma The »SP1 consuming factore was
precipitated by 1 65 M (NH)SOs The results are discussed in relanon 1o quantificanon of crcutaung
SP1 in pauents with trophoblasuc disease
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Pregnancy specific beta | glycoprotem (SP1) was  Daltons has been described (14 15, 16) In the
ongmally described by Tawarinov & Masyukech

present study circufaung SP1 1n sera from paty
(12 and Bokn (2) The climcal of SP1 Tadiyos

s with b disease w
urement has been reviewed and the data immunoelectrophorests 1 order to es
Suggest that SPI quantficauon will be a usefsl  her the molecular heterogeneny :m:zle‘s:u:s‘:rc;
matker i different m  tedmn
Pregrancy (3 4 5) Recently SP1 has been
proposed as an additional marker to human
thenome gonadotropm {HCG) m the management
of patents wth trophoblastic disease (1 8 9 §3)
SPI has been charactenzed as a beta | glycoprp.  Sera
e with a molecular weight of 90000 daltons 19 serum samples drawn from 19 patsnts with tro-
Recently however material mmunochemncatty  Phoblastc disease were anal
Xenufiable wh SPY bas been shown o be physico s pt 2y G 13 SITPIES ece deawn from women
chemically heterogeneous tn scrum from pregnant ‘m:u Pydadiform mole (12 preveatment and ome
“omen and an alphomobilt protein with SPI oy :

4 - N
determunants and a molecular weight of 400 000 e - e

was o .

sera

MATERIALS AND METHODS

by analyue

oceurred also i the former patent

ysed ANl samples were



Crossed Immunoelectrophorests
Crossed immunoelectrophoresis was performed 1n
1% Indubjose A-37 (L'Industrie Francatse,

munutes The precipitate was washed three times with
165 M (NH4):504 and dissolved n H20 The dissolved

Chchy, France) using thris-barbutal buffer, 1onic strength
002, pH = 86 The first I el

p and the supernatant were dualysed over night
aganst electrophorests buffer and tested 1n fine immuno

was run at }0V/cm until a bromphenol blue staned
albumin marker had migrated 2 cm The antibody-

second di gel 1 pl antt
SPI {Code A130, lot 018¢c, DAKO Immunoglobulins,
Copenthagen, Denmark) per cm?2 and 4% Polyethylene
Glycol 6000 (PEG) to enhance the precipitate 1n the al-
pha region (15, 16)

Line Immunoelectrophoresis

Line immunoelectrophoresis was performed as descri-
bed by Krall (6) with the same gel buffer system as
described for crossed immunoelectropfioresis Four gel
strips were moulded ona 10 % 10 cm glass plate, from
the cathodic side (Fig 2), A a neutral gel (10 x | x
0 15 cm), B anantigen contamning gel (10 X 05 x 0 {5
cm) which received 14 ul late pregnancy serum per ml
agarose, C a neutral gel (10 x | x 015 cm) with 9
wells cut and D the antibody containing gel (10 % 75
x 015 cm) with 0 5 pl ant1 SP1 (DAKO immunoglobu
lins, Copenhagen Denmark) per cm2 Thewells in C
recerved 15 pl samples each and the electrophoresis was
runat 25 V/em for 18 h

(NH (2504 Preparation

250 mg (NH4);S04 was added to | m! serum After 4
h at room temperature the supernatant and precipitate
were separated by centrifugation at 4000 g for 30

(a b d)a diphastc precipiauoti Pausass

RESULTS

Serum samples from the nineteen patients with tro-
phoblastic disease were analyzed 1n line 1mmuno-
electrophoresis Using this technique SP1 antigen
was detectable in all patents with hydatidiform
mole In the serum samples drawn from patents
‘with chortocarcinoma SP| antigen was only detect-
able 1 one out of six patients Thts sample was
drawn before the treatment was iniated

The SP1 positive samples were analyzed further
1n crossed immunoefectrophorests and a beta mobile
and an alpha mobile SP1 fraction were demonstra-
ted (Fig 1) In only one sample, a pretreatment
sample from a patient with hydatidiform mole, the
alpha mobile SP1 was not observed {Fig 1 C)

Fig 2 shows the analysis of 8 serum samples 10
line immunoelectrophoresss Wells no 2, 3 and 6
recerved samples which caused positive deflection of
the line precipitate indicating the presence of SPY
antigen 1n the samples However, one of the samples
tested (Fig 2, well no ) caused a signuificantly
negative of the line precip

v

& 4n 4 faem mole (2 ¢ d)and
gel In 3 samples



[
‘B
. A
Fg 2 Line immunoelectrophorests of serum samples
from patients with hydatidiform mole {wells no 2 4 6)
and chotiocarcinoma (wetls no 1 3 § 7 8) Wellno 9
recerved buller only A negauve deflection of the ine

precip tate ndicating 2 »SP! consuming factor < n the
sample 15 seen 10 well or 5

the presence of an SP1 antigen binder 1n the servm
(hus serym was a posttreatment sample obtaned
from one of the patients with choriocarcinoma The
»SPI antigen binder « was completely precipitated
by 165 M (NH);S04 and recovered from the
washed redissolved and dialyzed precrpitate

DISCUSSION

Recently pregnancy specific beta | glycoprotemn
(SP1} iz been proposed as an additional marker for
residuat tumour growth 1n patients with trophobla
suc disease {1 8 9) However the recent observa
tons on the molecular heterogenety of SP1 in
pregnancy serum casts some doubt on any observa
tions tn which SP1 15 quanufied by immunochems
al techmques 1f this motecular heterogeneity 15 not
taken 1nto account {10 11 15 16)

The results presented here show that molecular
heterogenenty of circulaung SP1 1s not unigue to
Pregnancy but also seen in sera [rom panents with
trophoblastic disease Like tn pregnancy (16) the
o between the beta and alpha mobile SP1
fractuon dyffers markedly from patiesit to patient and
t one pauent {Fig 1 C) the alpha mobile fraction
oould not be visualized by convenuonal crossed
mmunoelectrophosesis

Funihermore serum drawn post Ureatment from
0n¢ patient with choriocarcinoma contatried a »SP1
sonsuming factor« Thus »factor«  the nature of
which 15 sufl unknown has an electrophoretic
™obilty stower than SP1 (beta 1) as indicated by
the line immunoelectrophoresis data In addition
e slactore was completely precipitated by 1 65 M
NH)SO, and these observatons are compatible
With (he suggesuon that the »factor« 15 an
toanubody produced agunst an altersd SPI
nugen produced by the malignant cell However

the possibility that the »SP1 binder« 18 2 SP1
receptor molecule or a SP1 reactive enzyme present
1n the circulation has to be taken 1nto consideration

Using double antibody radioimmunoassay Ruta
nen & Seppald (7) recently reported that 17% of the
serum samples drawn from choriocarciaoma pay
ents after one year 1 remission and with good
prognosss were found SP1 positve whereas they
were HCG negatwe However, any »SPL consy
ming factor« i a serum sample forming complex
with the radiotabetied SP1 may mask antigemic
determipants and 1f the complex 15 not precipitated
by the second antibody this could give 2 false
positive reaction

Further investigations are required before the
significance and the precse nature of the »SPIL
binder « can be elucidated

This work was supported by the Damsh Medical
Research Council (512 10202) and Ellen og Ferd
Hindsgauls Fond We gratefully acknowledge Dr &
€ Te ~e Py -
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omins; elonephrius n 8 patents the presence of IgA 126 and IgM
‘l’n“‘?b:iuegs :ﬁ:::n:l's:;um \:asp );mdxed by an indirect immunofiuorescence technsque Antbodies
were present 1n the urine for a period of 12 days One 10 4 days after the onset of the atack IgA was
10 4lt cases demonstrable 1 urine followed Jater by 1gG 1gM was present 1n the urine of one patient
only dunng the first 4 days of iliness In serum 12G appeared as early as 1-4 days after the attack

followed later by IgA and IgM IgA disappeaning after one to two weeks

ey words classes.
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Mycoplasmas of the species Ureaplasma urealynt
cum and Ay coplasma homines are common tnhaby
wants of the urethra and have also been 1solated from
tladder unne aspirated by suprapubic puncture (1
4 14 and from the upper uninary tract (S 14)

U wreah icum has been assocuated with urethn
s but the question of a causal relationship ss stitl in
dispute However there 1s growing evidence for the
point of view that ureaplasmas are causing a pro-
portion of nongonococcal urethritis (8) whereas no
285013100 has been demonstrated between cysts
#ad any mycoplasmal mfection

Y hormms was 1solated from the upper urnary
tract of patients with symptoms of acute pyeloneph
nus bul not from patents Wwith non infectious
unnary tract diseases (9 10) Anubodies w0 Af
fomins measured by indirect hemagglutination
{IHA} were dermonstrable w seruem and in ureteric
#nd bladder urine from some of these patients (11)
The appearance of anubodies 10 M. Aaminss in urine
%3 found to be of a high diagnosuc value (8) and
he data suggest that A hominis causes some cases
of pyelonephrius whereas there is 1o indication for
2 simlar role of ureaplasmas

The antibody response to other mycoplasmal
infecuons 1n humans and ammals s very often
used for diagnostc purposes Ttis difficult however
to interpret serum anpbody responses o those
mycoplasmas which are commensals and constde
red only potentially pathogensc unless very clear
changes tn tutre are observed A serological diagno-
sis may therefore sometimes be more rehiable when
local anubodies are demonstrated As examples
arthnius 1n pigs (13) and masuus 1 cows (2) are
mentioned

The purpose of the present study was to confirm
By use of the tnhisect smmunofluorescente techny
que (IMF) the presence of anubodses to M Aomums
n unne which were demonstrated earlier by the
THA test (12) Furthermore the distribunon of
speaific anubodies within 1gA 1gG and Ig\
immunoglobulin classes was studied

MATERIAL AND METHODS
E1ght patients previously described wisth § atute attacks
of pyelonephrits caused by M hamins alone or 1n
combinaton with bactera, were selected (12) The
¢13gnosis of an acute attack of pyelonephnites was based



on the presence of acute lumbar pain, fever, and pyuria
The onset of the atacks was defined as the day of the
first appearance of one of these symptoms In five of the
patients 1t was the first attack of urinary tract infection,
and the fevel of serum creaunine was normal The re-
maining three patients suffered from chronic pyelone-
phritis with obstruction, as esumated by a history of
previous urnary infe serum .,
and Intravenous pyelography The involvement of Af
hominis was established by cultvation from ureteric or
bladder urine of M fomms alone 1n 7 attacks and
together with bacteria in two attacks (Nos 251 and 414,
second attack) concurrent with the occurrence of a
significant rise 1n serum anubodies 1n some cases and the
appearance of utine antibodies 1n all cases (12)

Serum samples and midstream urnine specimens were
obtamed for antibody examination Immedrately after

il the were for anub to
M hornmis by IHA The test was performed with
glutaraldehyde fixed sheep erythrocytes A pooled

anuigen, prepared from 3 strains of M homims was used
as antigen (12) After storage at =20 °C for 2-6 months
the were d for dies by IHA as
well as IMF (6} For the IMF test unne was tested
undiluted whereas serum was diluted 1 10 and | 20 1n
phosphate buffered saline pH 72 (PBS) Unfixed
colones of stramn P7 of M homnes (10) were incubated
with a drop of the test sample for 30 minat 22°Cina
motst chamber The blocks were washed 2 x 10 min
with PBS. incubated (30 min} with a drop of fluarescer-
nisotuocyanate tonjugated antiserum agamnst enher
human IgA IgM or 1gG (Wellcome) and washed 2 x 10
min 10 PBS Serum contaming IgA 1gG and IgM
antibodies to M homiris was used through out the study
as 2 posittve control Likewsse serum and unine without
specific antibodies, as measured by IHA, served as
negative controls The fluorescence Was read by means of
a Zeiss standard {RA} mucroscope with incident iNununa-
uon

RESULTS

By IHA performed immedtately after collection and
by IMF after storage at ~20 °C for 2 to 6 months
antibodhes were demonstrated 1n serum dunng 7 of
the attacks and In urine samples representing all 9
attacks (Table 1) After storage, however antibodies
3n urne could be demonstrated by IHA in one case
oaly (No 611), while serum antibodies were sutl
demonstrable

Immunoglobulin classes i urme In all 9 cases
fluorescence for IgA was observed during the first 4
days of the attack, in some patients up 10 as late as

horminis and bacteria were incriminated 1 the
disease

Immunoglobulin classes i serum In 2 attacks
(Nos 611 and 634), characterized by muld symp
toms, 1t was not possble to demonstrate antibodies
by any of the tests employed Of the rematning 7
cases IgA was demonstrated 1n 6 cases, between the
5-8 day of the disease and never later than 12 days
after onset 189G was observed in all 7 cases In 3
nstances IgG was present already 1—4 days afier
the onset of the disease 1gG persisted 1 the serum
of alf 6 patients examned throughout the period of
observation (21 to 84 days) IgM was present i 6
cases, appeartng from day 5 to day [2 and persisted
with one exception for the same pertod of time as
IeG

DISCUSSION

The results of the present IMF study of antibodies
to M homums 1n urine and serum from panents
with acute attacks of pyelonephntis confirm the
presence of urine and serum antibodies to M
honums, as previously demonstrated by THA (12}
However, urine antibodies were rarely found by
IHA after storage for 2-6 months at —20 °C, whi¢
they still could be detected by immunofluorescence
The presence of urea and leucocytic enzymes in
urine may lead to a partial degradation of the
antibody molecule, which might impair the agghi-
tinating ability, but leave the anuigen combinng
capacity of the molecule intact (3) This mught
explain the immunofluorescence test being poswive
and the IHA being negative afier storage of the
urine samples for several months

I wrinie, antrbodies of imanunoglobulin class A
were always found to be part of the first
demonstrable 1mmune response to M homums
wmfection of the upper urinary tract, either alone of
1n combination with IgG and IgM In serum, 16
was always part of the early immune response and
persisted throughout the period of observation

An nflammatory process of the kidney makes
possible a leakage of serum antibodies into the
unine However the urine antibodies Seem, at feast
partly, to be synthesized locally, because they often
appeared earlier than n serum and in 2 cases
antibodses were not present at all m serum A finat
proof of local IgA antibody synthesis mught have
been achseved by using fluor d ant-

12 days after the onset of the disease Antibodies of
the 1gG class were also demonstrated 1 all 9
attacks, concurrent with or after the appearance of
IgA antibodies and Iikewise not later than 12 days
after onset of the disease Antibodies of the IgM
class were only present 1n one patient and omyhd:;
g the first 4 days of dllness In thus case, bot

~an

secretorycomponent antibodies

The finding that locally occurring antibodies may
not parallel the serum antibody response was also
demonstrated n experimental pyelonephritis in rats
(7) The sequence may depend on the antigens and
the severity of the lesions, as 1t was found 1n a study



TABLE | Occurrence of Antibody in Urine and Serum of 8 Panents with 9 Acue Attacks of Pyetonephritis

measured by THA

and utres of anubody as

Uniae Serum

Patzent Days after onset of disease

No -4 5-8 9-12 >12 1-4 5-3 9-12 1360
1eA + N - - NT  NT + -

] IR% - NT - - NT NT + +
1:G - NT + - NT NT + +
THA 1024 NT 16 <lé NT NT 128 256
A + B - - - + - -

36 M - - - - - + . .
G + - + - - . . .

THA 64 118 32 <16 <16 R 512 s12

A + + + - NT + - -
154 1M - - - - NT + + +
5G - + - - NY - -
HA 32 2% 256 <16 NT 32 63 s12
IzA . - + NT - + + NT
11 igM + - - NT - + + NT
G + - + NT + + + NT
HA 64 <16 64 NT 16 32 26 NT
:lm 1BA + NT + - - NT + -
irst atack 1\ - NT - - - NT + +
G - NT + - * NT + +
HA 128 NT 2 <6 32 NT 256 256
i P
A + NT + - - NT . -
second atuack Y] - NT - - - NT + +
{2 monts ey ©G + NT + - + Nt + +
HA 63 NT 65 <I§ 12 NT 256 S12
oo <
1gG - + - - -~ - : :
MA 16 512 <18 <16 <16 <16 <l6 <16
1gA + + - - -
634 18 - - _ - ;:rr - - -
G - . - - N - z Z
HA 32 3 <16 <6 NT  <I6 <ls <18
fga . . . -
™ A L
%6+ B . N N -
HA 64 28 " N M
! 63 <16 NT <6 32 128

INT Notuesied

" This patient had tracy
suffered from several previous atacks of
oot abservauon + 0f Uninacy tract nfecuses and bad o snacks duning the

1of the disease



of pyelonephritis caused by E colt {15) that IgA
antibodies were observed in the urine during the
first days of mfection but not earlier than 1gG
antibodies and 1n some cases even after IgG Urine
1gM was 1n these examinations also only occassio
nally di rable Urine bodies and serum
IgA decreased somewhat later than observed m our
study, posstbly because of a longer period needed for
the healing of pyelonephritic lesions caused by E

~
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An easy and rapid method for producing Flab ), fragments by pepsin treatment of total serum protem
15 described No further purification of the hydrolysate was used Most serum protems were degraded
10 sealt pepudes whch were removed by dialysis the preparanons thus being retauvely rich in Flab)y
fragments The degree of hydrolysis was determined by means of an antiserum agamst the part of the
y<hain which 15 degraded by pepsin Under opumal conditions for hydrolysis unsphe IgG could not

be detected by double

Using sperm and

could be

sera the Flab);

After hydrolysis the agglutinating activity Wwas

relagvely unchanged whereas the immobilizing acuvity had vamshed

Key words Flab); fragments total serum protein sperm antibadies
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The use of Flab)y fragments may m certain
test systems be to the

use of iatact I3G antibodies mainly because non
Speafic binding through the Fe part of the 1gG
oiecule can be avoided Most Fab);

Just by pepsin digestion of total serum protein W ith

Preparaons are produced by pepsin digestion of
Purified 1gG and 1solavion of the Flab ), fragments
by gel filtrauon as done by eg Jaquet & Cebra
(1968) Such procedures as well as the simplified
Method of Madsen & Rodkey (1976) using diges
bon of whole globulin fraction are quate laborious
ume-consuming and therefore not susted for
$repanng Flab ) fragments from large series of sera
Faced with the task of producing Flab )y Pprepara
bons from & considerable number of sera with
perm aggh
*¢ have therefore investigated the possibility of
Frepanng Fab); fragments of satisfactory quality

was performed by
determining the reduction or disappearance of the
Cn2 part of the heavy chamn which 15 degraded by
pepsin duning s cleavage of the IgG molecule into
Flab); and pFe Immunobiologicat characterization
could be obtaned by comparing the sperm
agglutinating and immobilizing actwity of the
Preparations  Previous experiments with purified
rhb ) fragments have revealed that the agglutina
ing acuvity 15 essen
Gnesion Whereae oo e by the pepsia
- .

vt 1718y



Sera MATERIALS AND METHODS

Human ser with high utres of sperm agglutinaung
and ymmobilizing antibodies were obtamed from vasec
tomized men and from an mfertle man (119) By
absorption of the sera with protain A producing
Staphy lococcus aureus the agglutinaung actnity in three
sera (sera Nos 116 77 and 95) could be totally remored
and i two sera(hos 110and 119} the agglutmation utre
was reduced (0 § from 256 and 1024 respectively the
antibodies thus belonging manly to the IgG class

Annsera

Antiserum acainst the part of the y chain sitvated
between the Flab ) part and the pFc part of the molecule
was produced 1n rabbits by immumzauon with Fe
fragments The Fc fragments were prepared as described
by Sanderson & Lammung (1970) and dissolved to a
concentratton of 04 mg/ml The ymmumzation was
done by giving three rabbits an ntramuscular injection
of a muvture of 250 pl Fe solugon and 250 ) complete
Freund s adjuvant on days 0 6 and 70 Serum was taken
26 days after the last injection The most potent of the
anusera was rendered specific for the region of interest
by successive passages over immunosorbent columns of
Sepharose 4B containing covalently bound Flab )y
fragments and pFc fragments respectively The specifi
aty was confirmed by Ouchterlony immunodiffusion
aganst IgG Flab )y and pFe  Since the Cyi2 domaimn
belongs to the parucular part of the y-cham this
antiserum 1s 10 the following referred to as antt »Ci «

Rabbit antiserum against human 1gG Fd fragment
was from Behringwerke AG Germany (antt Fd) Rabbit
antt human 1gG spearfic for Fc fragment (ann Fe) and
rablat anti human <crum proten {anit NHS) were
obtained from Dakopatt A/S Denmark

Tests for Sperm Antibody Actap

Sperm agglutimins were demonstrated by the gelatin
asglunnanpn technigue (Rose er o 1976) and by the tray
agglunnation techmque as used by /ngersia (1979}
acuvity was ding 1o the
method of fsouma ¢r al (1968) with the modificaton
that ttrawon was done The ntre was defined as the
greatest sample dilution in which at least half of the
mutially motile spermatozoz were tmmobiized 1 the
presence of complement

W 1th the different techmuques all samples from a gnen
experiment were tested 1n the same batch

Detcrmination of Unsphit }gG

Unspht 1gG was detected by double immunodiffusion
with the antt »Cu2 canuserum The 153G region between
the Flab); part and the pFc part is degraded during
Y} of 1gG and with
11l consequently mdicate the presence of
s anti Fc could react also with pFc)
Iit [gG was determmned by tesung a
The reciprocal of the highest
n lme was used as a

mpsin
theanti sC2 W
unspht IgG (wherea
The amount of unspl
«eries of sample dulutions
dilupon giving a precipuatio

Gel Filtration

was carned out on a column of Sephadex G 0
{Pharmacia) (2 6 X 85 crn) equilibrated with 0 1 M Tny
HC1 pH 8 0 contaiming 02 M NaCl The Now Tate wag
20 mi/h
I 4 and b )

Double immunodiffusion was performed 1n | per oty
agarose gel (Liex Denmark} nomg 015 M NGy
buffered with 001 M phosphate pH 72 (PBS)
Immunoelectrophores:s was carned out according t 3
modificauon of the method of Scherdegger (19551 m |
per cent agarose tn Teis veronal buffer pH 8§ 6

Protewt Determnation

Protein concentrations were determined by the burey
method as described by Doumas (1975} Human albumy
(A grade Calbiochem Califormia) was used as standard

Pepsin Digestion

Equal volumes of 0 2 M acetate buffer of the desired
pH and serum were mixed and pH adjusted by addition
of a few drops of 1 M HCl This serum protein mrxure
was then tncubated with pepsin (three times crysatlized

-~ Acnm

amount of precipitate formed during incubation and th*
reaction was stopped by addinon of solid Tns to pli §
Finally the dicest was dialyzed aganst PBS

RESULTS

Opuimal Condiions for Pepsin Hydrolysis

Table 1 shows the results of one expertment With
varanon of the digestion condiions e the E/S
ratio the pH and the tme Only pH 4 5 and 4 0
weeres tasted dacsuse chase vakies are nakn dhe P
range commonly used for production of Fab)
fragments The E/S ranos were based on the
proten concentration determined by the buuret
method

The different digestion conditions gave prepara
tons with an unchanged utre n the gelatn

test The tray fitre Was
% ® a2 D2
® 3 &
Fig 1 O M of hydrolysate (1}
and a cor dilution of serum (2) agamst antt Fé

wmiquanutative measure of the amount {7
utre)

742

(3) ant »Cy2« (4)and ant FeiS)



Pepsin
drolysates of Serum B 116 Prepared by

Iivat on and Precipitation Results of Hy

TABLE deuinauon mmobive Digest on under D fferent Condutions

Digestion conditions Gelaun Tray . o
pH  Tume(h) E/Sratio Titre Titre itre
2
Untreated serum 256 128 <J§l 5:5
40 10 17100 256 128 P ¢
40 10 2/100 256 128 2 3
40 10 4/100 256 28 bl <
40 0 11100 256 128 2 Py
40 20 2/100 256 256 3 2
40 20 47100 256 128 : I
45 10 1/100 256 128 M e
45 10 2/100 256 256 e
45 10 4/100 256 64 <2 e
45 2 17100 256 256 <2 b
45 0 2/100 256 256 <2 2
45 2 41100 256 128 <2

* <2und cates negative reaction 1n low est dilution tested (1 2)
¥ Reciprocal of highest ditution EIVIng precipitation with ants »Ciy2 <

teatively constant with some small varrations
dpparently without correlation to the digestion
cnditons In contrast both the immobilization
tres and the preciprtation titres with anti »Cii2«
Were changed drastcally dunng the digestion with
thres combinations fpH 40 20 h and E/S =
1100 2/100 ana 4/100) i which nesther
Immobimng nor precipitating acuvity could be
deected These conditions are opmal for making
Flab); preparations which retain the sperm agglut
naung actvity but are free of the Fe fragment
vies AnE/S ratio of 2/100 a pHol40 anda
Sgestion ume of 20 h at 37 °C was chosen and used
nalt further digestions

Character; gugn of the Hydrohysate

The hydrolysate prepared under opumal condt
Uons (specified above) was analysed by Ouchterlony
Immunod:ffusion gel fillraton and immunoelec
trophoresis

Fig 1 ttustrates that the hydrolysate as well as

¢ serum gave preciprtation hnes in double
IMmunodiffusion with ants FA and ant Fc How
S with ants oCpy2e only untreated serum gave a
Prepiation tine the lack of reaction of the
Bydrotysate indicating that the wCi2 « part of the

3G molecule was degraded during pepsin treat
Mment W wam Ea v, .

the - -

LI

» wsvtiation of a spur
Fiz 2 shnue the ost e

pattern of (he

Class

00 w0y
EFFLUENT YOLUME {mi)
Fig 2 Gel filtranon on Sephadex G 200 of 5 ml

hydrolysate with S ml of a corresponding dilutiar of
serum (1 2) as reference

= hydrolysate

= serum

hydrolysate This indicates that pepsin degraded a
considerable part of the serum Protein to dralysable
material and that the Femaiming protem could be
resolved 1nto 3 peaks Peak 2 with an elution
POsItion just afier the IgG Peak contained materia]
which gave reacuon with ant Fd 1n double 1mmy
nodiffusion (Flab ) ) and Peak 3 contatned materra]
which gave reaction with antt Fe (pFe)

From the Immunoelectrophorests of the hydroly

Fig 3a appears

of lowest mobitity on the f ure
represents both anty Fd and anu Fc :

Treactive matersap
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Fig 3 Immunoelectrophorests of a 1 2 dilution of serum
{1} and hydrofysate (2} Developing antiserum was ant
NHS (a) anti Fd (b) and anti Fc (c)

as shown by using ants Fd and antt Fc respectively
as developing antiserum (Fig 3b and ¢}

Apphcation of the Method to Different Sera

The wide range of E/S ratios 1e {/100-4/100
gving Flab), preparations without detectable un
split 1gG means that the same concentration of
enzyme can be used with a wide range of different
substrate concentration The total protein concen
tration tn serum varies relatively less (65-80 mg/

mi) Therefore 1f a mean value of 73 mg/mi s used
1 calculating the pepsin concentration giving an £/
S ratio of 2/100 the real E/S ratto will always be
within the optimal range Thus the same enzyme
concentration can be used for all sera and 1o
determation of protem concentration 1n serym 5
necessary Table 2 shows the results of digestion of
5 different sera under these routine conditions 1e
pH 40 20 h of incubation at 37 °C and an E/§
ratio of 2/100 based on a protesn concentration of
73 mg/ml The gelatin agglutination titre was for
all hydrolysates reduced by ome utre step as
compared with the corresponding serum whereas
the tray agglutination ttre showed no systematte
differences between the hydrotysate and the serum
Both the 1 and the pr titre
were 1n all cases reduced to undetectable levels

DISCUSSION

The present study has established the optimal
conditions for the pepsin cleavage of IgG by
digesting total serum protein It was found possible
to produce F(ab ); fragments which had retamned the
antigen binding activity (as deterruned by the
sperm agglutinating activity) and which were at the
same time free of unsplit [gG to such an extent that
1t could not be detected by precipitation Because the
ian titre d hanged or only
slightly changed during all the different digestion
condittons tested the optimal condittons could be
chosen solely from the degree of sphtting of 18G A
pH of 40 20 h of mncubation and an E/S ratio
between 1/100 and 4/100 were found optimal £/
S 2/100 was chosen m order to allow some
varjatian 11 protein concentration without making
adjustment of the amount of pepsin required
The complete fusion of the lites of hydrolysate

TABLE 2 Agglutmanion Immobiy ation and F Results of Hydorly of 5 Dfferent Sera and
Corresponding Untreated Sera
Gelatin Tray I b Precipi
s Titre Titee Ture PTure
erum
No Serum Fab)y Serum Flab); Serum Iab); Serum Flab)
512 <1
B 77 256 128 128 256 16 <12
B 95 256 128 128 64 16 <2 256 <2
B 110 256 128 256 542 128 <2 512 <2
B 16 512 256 64 256 3 <2 512 <1
B 19 2048 1024 024 256 64 <2 512 <2

2 2 indicates negative reaction in fow
b Reciprocal of highest dilution giving precipiation

P

est duuuson tested (1 2)
with ant xCyZ



and serum agamst ant1 Fd the spur formation of
the Iime of hydrolysate and serum with anus F‘c and
the lack of a line with

can be made from many sera with a minmal
savestment of ume

sgamnst anti »Ciid« 1ndicate that dunng Pepsin
digestion of total serum protem the IgG molecules
were splt mn the same way as when pure I3G 1
digested by pepsin resulting 1n production of Flab )z
fragments and pFc fragments and degradanon of
the region between Flab) and pFc to low
‘molecular weight components (Hermer er al 1967
Bennich & Turner 1969) This was coofirmed by the
gosttions 18 gel filtration and the electrophoretic
mobilties of the anti Fd and anu Fc reactive
material n the hydrolysate corresponding 1o those
of Fab ), fragments and pFc fragments (Turner &
Benmch 195%) The serum protein picture as
evatuated from gel filtration and smmunoelectro-
phoresis changed with a reduction in both the
tumber of different protemns and the total amount of
protein with a considerable part of protemn degraded
to dialysable matertal

The $ Fiab); preparavons produced with an E/S
fatio of 2/100 based on a protein concentration of
73 mg/mi al) showed a one ttre step decrease In
gelatin agglutination as compared with untreated
#mum This 1s within the vanabiity of the
technique but because of the fact that the Flab),
Preparation 1 all cases gave a lower titre than the
serum the decrease 1s probably sigmificant and due
10 enther degradation of Flab); fragments of general
loss of matersal during mampulations Another
Possibibity might be that Flab ); fragmemts are not as
eflicient in agglutinating cells as unspht IgG either
ecause the Fe fragment may play a stmilar role in
gglutnaon as 1t does m oller

The skiifol techmical assistance of Mss Tove #Wiegers and
Mrs Efse Povlsen 15 gratefutty acknowledged

The stady has supported by WHO (propct Mo
74194} by the Danish Medical Research Council and by
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NON-ANTIBODY COMPONENTS IN HUMAN MILK INHIBIT
ESCHERICHIA COLI
HEAT LABILE ENTEROTOXIN MEASURED BY
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chromatography
coated on microt =
detected when the

Y an enzyme hinked immunosorbent assay Acta path mucrobiol scand

tmmunoglobulin nature with an apparent molecular wesght of >>400000 n gel filtravon experiments

Key words Human mik E coft heat labile enterotoxin ELISA
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Human mik has been reported to protect
children from Bastromtestinal infections (7 13) and
10 contan several antumcrobial factors which
nelude Immunoglobulins as well as other substan
@58 15)

Enterotoxigenic strams of £ colt may produce a
Beat Labile toun (LT and/or a heat stable toxin

both of which may cause diarrhoea 1n chuldren
d adults (17) Toun producing E coli has been
associated with outbreaks of gastroentenitis 1n
feonatal ursenies {| 6 9 20

Stol ar et af (20) reported that Guatemalan and

orth American human milk was able to neutralize
¥ cholerae emerotouin and/or £ coli touns the
feutralizing acuvity was associated with the secre
1ory TgA of the milk Recently Simhon et af (19)

<z of spearfic IgA against cholera

el (10) reported thay while milk from Pakistam

women contained secretory IgA agamst £ cofy heat
labile enterotoxin such antibodies were not detected
1n most of the Swedish mulk samples

We wanted to study the effect on £ colt
enterotouns of specific and non specific factors m
human midk from Norway where enterototigenic
diarthoea n children has been suspected buy only
recently proven (unpublished data Otnaess Eng &
Halvorsen)

MATERIALS AND METHODS

S P4 SUpeTIAANSS of 3 mik sampie



were gel fittered The fractions withm each protein peak
were pooled and concentrated before testing

Preparation of E coh Toxing

E coli strain 408 3 078 H12 was kindly provided by
Dr R B Sack Balumore Md USA The bacteria were
grown for 24 h at 37 °C i trypticase soy broth at [50
rev/min (17) and both heat labile toxin (LT) and heat
stable toxin {ST) were produced The supernatant was
collected after centrifugation (40000 x glor 1S minagq
°C) and used directly for measurement of ST Crude LT
was prepared by dialysis of the bacterial supernatant
aganst saline {4 X 4 1)and lyophilized Stock solution of
18 mg/ml (in saline) was kept at —20 °C and diluted
further in saline contatning 0 5 mg/mt bovine serum
albumun smmediately before use In some experiments
crude LT kindly provided by Dr R B Sack was used
and 1dentical results were obtained

Test of Toun Activgy

Heat stable toun (ST) was measured by the infany
mouse assay (4) Heat labile toxin (LT) was measured by
a miniculture modification (18) of the Y1 adrenal tumoyr
cell culture assay described by Donta & Sruth (5) or by
ELISA (21) Briefly the ELISA test was performed on
polyvinyl microtiterplates coated with high titered any
serum 1o ¥ choferae toxin{1 2000) prepared 1n burro (2)
(kindly provided by Dr J B Robbins Bureau of
Biologics Bethesda Md  USA) and the plates were
incubated with 1) the toxin sample (incubated with milk
or buffer) 2) anti LT toxin prepared 1n rabbit (kindly
provided by Dr B P Berdal Norwegian Defence
Microbtological Laboratory Oslo or prepared in our
laboratory) 3) anti rabbit IgG prepared tn goat and
coupled to alkaline phosphatase (prepared by Dr £ £
Berdal) or anu rabbit 1gG prepared 1 swine and coupled
10 alkaline phosphatase (Orion Helsinki Finland) and
4} the substrate sodwm para nutrapheny! phosphate (Sig
ma Chemical Co St Lows Mo USA) The reaction
was stopped after 10-30 min by the addition of 0 05 ml
2N NaOH Anquots (100 p)) were diluted with 700 pl
0 1 N NaOH and the colour read at 400 nm The crude
LT stock solution was diluted to 0 18 g/1 to give ODago
- 03-04 n the ELISA test (100 % toxm} Upon
further dilution a linear standard curve was ohtained

Incubation of Toxtn with Milk Fractons

Milk fracttons were dituted 1 001 M phosphate
buffer pH 7 4 and aliquots (75 pl) were 1ncubated with
toxin (75 pi) for 18-24 h at 4 °C or for 2 h at reom
temperature Duplicate afiquots of 50 pf were tested for
toxin actwaty in the ELISA test For the adrenal cell test
the incubation muxture was diluted 3 fold immediately
before the addition of dupkcate alquots {50 u) 10 the
adrenal cell culiures grown in mucrotiterplates Controls
with either only toun ot milk fractions were always

included
Secretors 1gA and lactofe
as described p
ge)  slsctrophoresis (PAGE) was
to Davs (3) and sodum dodecy!

rrin were measured by rocket
[

Poiyacrylamide
performed according

P

sulphate  polyacrylarmde gel electrophorests  (SDS
PAGE) as described by Laemmi (12) using high
molecular weight standards from Bio Rad Laboratories
(Ta Jolla Calfornta USA) for molecular weight
determmnations Cylindrical or flat gels were used The
effect of protemn eluted from polyacrylamide gels on LT
was mvestigated by cutung the separaung gels m |-2
mm shices and the concentrating gels 1n 4-6 mm slices
followed by freezing and thawing 10 0 I ml distlled
water and gentle squeezing before 75 pl was meubated
with an equal volume of LT and tested as described
above

Affinty gels of anti IgA and ant IgM were prepared
as described (16)

Protein was measured by the Low ry method (14) using
bovine serum albumin as standard

Ultracentrifugation was done 1n a Beckman Ultracen
trifuge L50 using rotor SW6S at 100000 x g/l h

RESULTS

Effect of Milk on Heat Stable Toxin
None of the milk samples neutraltzed the effect of
ST 1 tnfant mice

Effect of Milk on Heat Labile Toxin Tested by ELISA
Centnfuged mulk apparently inhibited 50-100%
of LT when the toxin was measured by ELISA (Ta
ble 1) The inhibitory activity of the milk was partly
pr at 50% sulphate concen
tration and partly retained 1n the ammomum
sulphate supernatant (Table 2) No correfation
between the mhibitory activity and the sIgA content
was observed No reduction of the inhibitory

TABLE | Effect of Milk on Heat Labie Toxin

Residual Toun (%) 1n ELISA

Milk sigA
no Undiluted 10 x diluted? s/l
milk milk

1o 30 32

; 20 30 150
3 10 - 25
4 20 50 19
s 50 80 0s
6 0 10 438
7 20 20 28
8 3 30 38
9 10 10 s
10 30 40 10
I 10 50 19

) Dituted with 0 0! M phosphate buffer pH 74
& Positive toxin reaction i the absence of tovn fsec fext}
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slgA
¢

B
Residual
1ox1n (%) EF
100
80
60
A0
20 2

— T
125 150
Elution votume {m1)

—r
100

slgA % of

total protein B
100
80
60
40
20

Ia Ib

s Pooled fractions

25 1 ZA Ammonium sulphate precipitate {2 mi) from milk no 6 chromatographed on an Ultrogel AcA 44 column
Bx cmJ Fractions were pooled as indicated (I~H1) sIgA and LF Peak posstions of secretory IgA and lactoferrit
Pooled fractions (0 1 g/1) wete incubated with heat labile toxin and residual tovin measured by ELISA

activity was ot when the ip

supernatant of milk no 2 was passed through an

ant IgA affinity column Stmilarly the removal by

an ant IgM affimty column of IgM from the

ammonwm sulphate supernatant of mulk no 6

resulted m no loss of the mhibitory actiity
1

the toxin nhibitory activity was eluted 1n front of
slgA as illustrated by the typical elution profile of
milk no 6 (Fig 1) The elution patterns of g and
lactoferrin were determuned by rocket immunoeiec
trophorests and their peaks are ndicated (Fig [}
Similarly results of gel filtranion of the ammomiunt

Iphate supernatants indicated that the yntubtory

Ultracentrifugation of the phat
sugernatant of milk no 6 and 9 removed 10-40%
of the mhubitory actvity from the solution The
inhubitory actity did not prevent the binding of the
second antibody {ants LT prepared 1n rabbit) to the
toxin when the toxin was attached to the first
antiserum {antt chalera toin prepared 1n burro) on
the ELISA plate prior to tncubation with the milk
fraction  Premcubation of the anubody coated
ELISA plate with the mbibstory fraction did not
Interfere with the subsequent binding of the toxin
(data not shown) The mhibitory actwvity did not
inhibit the binding of punfied cholera toxa to the
ELISA plate

Column chromatography ©of the ammonmum
sulphate precipitate fractions clearly indicated that

250

substance had a molecular weight above 400000
daltons stnce it was eluted m front of siga (Fig B
Polyaurylamide gel electrophoresis of the pooted
inhibitory fractsons after column chromatography
of milk no 6 revealed one band in the concentraung
gel and one broad band at the top of the separating
gel both n areas where toun tnhibitory activity
was seen (Fig 3JA) SDS polyactylamide gt
electrophoresis of the same fractions under non
reducing conditions indjcated two maint components
of molecular weight 66000 and 70000 (Fig 3B)

Effect of Milk on LT Tested on Y1 Adrenal Cells
The milk samples did ot inhibat the effect of LT
on Y1 adrenal cells i culture
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a b < d

e
Pooled fractions
e 2 A Ammontam sulphate supernatant (2 ml) from milk ro 2 chromatographed on an Ultrogel AcA 44 column
80 x 2cm) Fracuons were pooled as indicated {a-¢) slgA and LF Peat positions of secretory IgA and lactoferrin
B Pooled fractions (0 | g/1) were incubated with heat labile toxn and fesidual 1oxin measured by ELISA
Exstromtestinal infections
The present work demonstrated an activity n
66 000
¢4 0 the most purified preparations Thus the
ALY t5 most likely of a non immunoglobulin

A B

—
\_a ‘
i
!
.

buman milk which inhibited £ colt LT measured

b ELISA This inhibrtory acuvity was partly

fature

DISCUSSION ?‘
Human milg contains sIgA 1n high concentration
wellas other well known anti microbial substan
25 {15)% huch may protect breast fed mfants agarnst ¢
- —>200000
Preipiaed by 50% ammonim sulphate 1t was .+ = 150000
Bot corretated with the secretory IgA content and
183 and [\ could be removed without altening the - = 70 000
mhibiory acivy No TgA 1gM or 1gG were
Results of gel filtration expeniments indicated a

-—

Fg 3 PAGE tiube kel of 25 g of peak raw (see Fig 2)
Trom milk 0o 6 A paratlel gel was siiced and eluted as
dscribed and the area contaiming towin mhibitory
UMY 18 indicated +

B SDSPAGE tctah omtir 2. g of peak ra« from milk

of



weight of the reater
than 400000, while SDS-PAGE under non-
reducing conditions showed two main protein bands
of molecular weights 66000 and 70000 The
inhibitory substance 1s probably an aggregate of
several ¢ , COrresponding to the it
acuvity observed 1n the concentrating gel and 1n the
upper part of the separating gel after polyacrylamide
gel electrophoresis (Fig 3A)

ELISA has been used 1n the present study to
measure E' colt LT The method 1s as sensitive as
the Y1 adrenal cell assay (22), and the faifure of the
mhubitory activity to prevent the effect of LT on the
cell assay suggests that the two assays are
incomparable as tests for the LT inhibutory activity,
which may be due to the heterogeneity among the £
colt LT (2) The heterogenous LT may have
components with activities predominant either 1n Y1
cell assay or in the ELISA, where the latter 1s more
sensitive to the milk inhibitory activity

Purified cholera toxin was not inhibited by the
milk inhibitory activity, indicating that the observed
effect on the £ colt LT was not due to a non-specific
nhibitory  acuvity of the ELISA assay The
inhibitory activity was directed against the LT
rather than the antibody-coated ELISA-plate, since
preincubation of the ELISA-plate with the inhibi-
tory fraction did not prevent the binding of LT to
the ELISA-plate

hibitory sut g

‘4t = meant nmoalwsll nn §
ely
- . to
the ELISA-plate In some milk samples the 1nhibi
tory activity was not reduced upon a ten fold dilu-
tion (Tables | and 2) possibly due to interference of
other mik components Further dilution (100—
1000 fold) of the mulk samples always resulted 1n a
decreased inhibitory activity
In Norway enterotoxigenic E coli has recently
been 1solated from children with diarrhoea (Otnaess
Eng & Halbvorsen unpublished observations) The
toxin production by the tsolated strains was low and
pathogenic £ colt strans from Norwegians may not
always be 1dentified as enterotosigenic due to a low
toxin production which requires a more sensitive
assay system (11) The toxin inhibiting activity
reported here may be of some practical chnical
mportance tn Norway The nature and the possible
biological relevance of the inhibitory actvity s
currently bemng investigated

[
This study was supported by the Nornegran Research
Council for Science and the Humarties The excellent
technical assistance of Gro Lindebery 1s hughly apprecia
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LEUCOCYTE MOBILIZATION TO SKIN LESIONS

Studies Using a Skin Chamber Techmque in Healthy Volunteers
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k
Department of Medical Gastroenterology C Herlev Hospital University of Copenhagen Denmar!

Wandall J H Leucocyte mobilization to skin lesion Studies using a skin chamber techmique tn
healthy votunteers Acta path mucrobiof scand Sect. C 88 255-261 1980

lunteers
Lewcocyte mobilization to a chamber covering a skin lesion was studies in healthy vol

'”lmm lzbuelled blood leucocytes accumulated 1n the chambers indicaung mobnl:zuo;:l;;:um‘:
from the blood The concentration of autologous serum in the chamber medium influen e number
of feucocytes mobilized w hile heat inactivation of serum or the repeated use of the same serusrx o
#flect on the counts The use of zymosan treated serum increased the mobilization by up (or 3% e
lnetcs for the mobilization of leucocytes to chambers contatning autologous semmrv;a.s4 : o\;s i
healthy subjects The mobilization showed a umiform pattern vz a lag phm{, ol 0/\; i
maumal m grauon rates after 20-24 hours The cumulated counts were 74 x 10 Ieueocykls m 4
hours and 200 106 leucocytes/em?/48 hours Females and males extubited the same (u’r:!:? mlh
umulaied counts Chamber leucocytes were predominantly meutrophil granulocytes (85~1 W ]
29-36 nuclear segments The chamber technique provides a simple method permitung quantitation of

3 o mobihizauon of leucocytes from the blood to an nflammatory lesion

Key words Locat leucocyte mobilization chamber

J H Wanday Depariment of Infectious Diseases M
N Denmark

Recerved 10 x 79 Accepted 15 v 80

1n the Lying organism detrimental sumult evoke
1 complex sequence of events charactenstc of the
Inﬂammamry process Tnstally humorat changes
folloned by wfiltrauon of the mvolved area by
Beutrophy] granulocytes (PMN) and macrophages
¢ cytology of the inflammatory exudate has
extensively studied Among the methods used
¢ observation of leucocytes 1n tissue sections and
*xumulation n rabbi ear chambers (5) 1n man the
Oy widely used method has been observation of
OCYies on coverslps Placed on epidermal abra
S {12) The skin window technique has proved
useful 1 studying the cytology of the exudate n
"“:\;!ylsou)b)«:u 12 13)and 1n vanous diseases (3
Homever the skin w.
Permat quantitation of
Problem has been sol

1ndow technique does not
the cellular migration This
hed by the use of glass or

techmique technical aspects

Rigshospialet Tagensvey 18 DK 2200 Copenhagen

perspex chambers to cover the abrasion (8 12 17)
By this technique a reduced feucocyte mobilizanon
has been demonstrated in patients with haematolo
mical diseases (9 11 14) diabetes melius 1)
sarcoidosis (6} and psonasis (10)

The present study was undertaken using a
modificaion of the skin window technique to
evaluate the mnfluence of some techrical varuables

and the mobilzation of leucocytes 1n healthy
volunteers

METHODS AND MATERIAL
Freparanon of the Epidermal Abrasion

The epudermis of the volar aspect of the forearm was
denuded by surgical scapels (Nos 10 1] |5 ang 22
Swann Morion) untl the area appeared glossy and te
papillary layer was visible as vivudly red pin points The
procedure ol abrading was kept within 20-30 minutes 1o



Fig 1 Chamber in positon showing tubings and
stapeocks

make the trauma as umform as possible legving an
abraded area of from | 5103 §cm? W hen the chambers
were removed the abrasion was covered with semrans
parent tape the leston outlined on the tape and
transferred 1o paper which was wetghed and the ares
was calculated All areas were determined in duphicate

Chamber Techmque

Chambers moutded from epoxy matertal (Araldite M
HY 956 Ciba Geigy Switzerland drameter 33 mm)
were fitted tubings and stopeocks (Fig )V Sterde
chambers were placed over the abrason and fixed 1n
position with glue (Ducocement Dupont de Nemours
SA Belgium) and hypoallergenc tape Small chambers
(diameter 20 mm) were used when studying various
chamber media

The leucacytes were harvested from the chambers by
(he f{ollawing procedure The chamber was dramed
(ushed with two volumes of saline 0 15 M and refilled
with fresh serum  leaving an air bubble to allow
movement of the Muid The serum and saline were
entrifuged (150 gav 10 muin) the leucocytes resuspended
wn sabine 0 15 M and counted n mproved Neuhauer
haemocytometers (he Counts besng made in \wo separate
chambers The cytology of (he exudats was assessed by
counting 200 cells on May Grunwald Giemsa stuned

caverslips

Chamber Medum
Autdlogous strum Wwas ohtaned tWo howrs prier to

the experiment filtered (022 um SLGS 025 0%
Micropore) and stored at 4°C in cerldin experiments
various media were used 1 the chambers to study thew
mfluence upon the mobilizaton of teucocytes [n these
experiments  abrasions Were wflcred n the same
sndviduals and chambers contaiming the different media
were placed over the abrasion Chambers contawng
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untreated autologous serum served as contyo)

was diluted with Hanks soluton pH 7 3102 ﬁilss:;::
Concentration of 50 25 and 10%  heated at 56 °C for J
hour or incubated with zymosan A (2 mg/ml Sigma
Mo USAJas 37°C for | hour

Lettcocy te Labelling and Proten Determnation

For leucocyte fabelling venous blood (50 mh) was
wuthdrawn aliowed to sediment in the presence of
hepanin (16 units/ml) and dextran {mol weight 250 000
fuarmacia Sweden) The erythrocytes were discarded
and the feucocytes washed twice in saline 0 15 M

Indwin (40 oime was prepared s deserved by
Thakur et af (18) Indwm 111 (carner free chlonde
solutionn 1 0 mCi Amersham Radiothemical Centre
England) was chelated with oine 0 35 pmoles (Merck
W Germany) 10 ethanot and the complex formed was
extracted with chloroform The chloroform was évapo
rated and the residue drssotved m ethanol (100 wl) to
Which was added salme 015 M 1300 plJ Leucocytes
were wcubated with the complex for 15 mun at room
temperature  washed twice m sahipe resuspended 10
autologous plasma and admumstered by a saline dnp

Skin windows were inflicted simultaneously with the

of labelled ytes The leucocytes

were counted and the radicactivity associated with the
cefls after centnfugation measured

The serum concentratton of alpha [ anutrypsin and
muramidase 11 the volunteers was measured by rocked

(9} Rocket

phoresis to measure the concentranion of muramidase
was carried out 1n agarose With low electroendosmosis
(A 37 tlndusitie Biologie Francaise) in tris barbitone
tuffer (pH 8 6 1onic strength 0 075) Human murami
dase purified from unne served as reference

Defintions
The aim was to measure the mohilization of
leucocytes and determimne its kineticks The results are
exgresed as
1 Cumulited leucocyte migration {CLM) vz ihe 1otal
number of leucacytes mobilized into the chamber per
cm? abraded epidernmis
Leucocyte migration rate (LMR) viz the number of
Jeucocytes accumulating 10 the chamber per hour per
¢m” abraded epidermis dunng 2 given petiod

Subjeers Studied

All expertments were performed on volunteers First
the influence of echmeal vaniables was investigated ard
secondly the mob o chamb:
autologous serum 1n 21 subjects (10 fernales} medion age
30 years (range 20-68 years) In all experiments the
charabers were empteed alier 2 4 6 § 10 12 16 20
22 24 28 32 36 46 and 48 hours

None of the volunteers had a history of recent ot
chronic disease and all showed normal biood teucucyté
and differential covnts as well as serum concentration of
alpha 1 anutrypsin and muramisdase

At the terminatton of 1he espessment the abrasions
were covered with stenile dressings left for 6 days The

)



48 hour medun w.as cultured for aerobsc and anaerobic
facwera. o one wnstance a few aerohic organisms were
found Bleed ng did not occur tn any experiment and the
4fferenuat counts never showed more than 1 erythro
. per § levcocytes withia the first 4 hours

RESULTS

Onginof Leucocytes Influence of Abraded Area and
Emptying Procedure

Fallow.ng wjection of 'Mndium labelled autolo-
87 lewcocytes radicactivity accumulated 1n the
tambers The radioactivity was assoctated with the
ol pellet afier centnifugation of the chamber
medum As shown m Fig 2 the accumulation of
redisectivity paralleled the appearance of leucocytes

Tncreasing the abraded area from 0 1 to 4 0 cm?
Tesulted 10 a corresponding increase in the number
of mobilized leucocytes (Fig 3)

To ensure that the chamber feucocytes had been
sufficently recovered serum was drained and the
chambers flushed with three separate volumes of
@ine01SM The leucocytes 1n each volume were
“unted and expressed as percentage of the total
oumber of leucocytes harvested In six experiments
e serum contained 85-100% of the

LEUCOCYTES x 108
©190375

040975

V4
H 2 3 & om?

Fig 3 lnfluence of size of abraded area on the mo
bilizaton of leucocytes Expenments in to mdividuals

Influence of Serum Concentration heat Inacination
Zymosan Treatment and Repeated Use of Serum
Serum was essenual for the mobiization Only 2

Y€ it volume of saline 0-10% the second
tolume 0-5% and the third volume no leucocytes
Teesefore the chambers were drained and flushed

b o volumes of saline before bemng refilled
M serum

Accumulation of rad oactiity
leucocytes in the chambers

Cumulated numbes of leucocytes
o+ Cumuizted actv by of ceipelen

e yRos
ooct
=4 Slone

5

& Lt 8
Fir 2 Accumulation of Ieucocytes ag
et admunistration of Vilndiam 1a
Duplicate experiment 1n the same e,

2 Hours

nd radicactvity
belled feucocytes

hvidua)

few were found with Hanks
solution Ratsing the concentration of serum 1n the
chamber medium increased the number of mobili
zed leucocytes {Table 1) which however remamed
unaffected by inactivation of serum by heat or by s
repeated use {Table 2) Treatment of the serum with
zymosan increased the migration by 12-53%

Motutization in Healthy Subjects

In 21 subjects the CLM was 50-113x 108
leucocytes fem? (median74 X 106} at 24 hours
wncreasing at 36 hours to 102-261 x 108 leucocytes
/em? {median 145 x 10%) and at 48 hours to a total
of 160~413%10% leucocytes /em? (median
200 x 10¢) Female subjects extubited a CLM at 48
hours of 190 108 leucocytes /em? male subjects
210x 10¢ leucocytes /em? (p > 0 1) The CLM
showed no correlation to the blood feucocyte count
the PMN count or the concentration of alpha |
anutrypsin or muramidase

The majonity of mobitzed leucocytes appeared
duning the fist 24 hours suggesting a slow
response 1o the abrasion The kinetics of thys
response are esimated by the LMR.
for 21 persons during a 48 hour perod Inttially
only a few leucocytes appeared in the chambers
indicating a lag phase of 24 hours In the course of
the subsequent hours the LMR rapidly increased
reaching 2 maxumum at 10~
20 hours the LMR remain:
teduced while at 2210 24

gvenin Frgur 4

12 hours From 12 10
ed constant or shightly
hours a second Increase



Al
Fig £ Chamber in poution showing tubings and
Stoprotks

make the trauma as umform as possible leaving an
abraded area of from 1 $10 3 § cm? When the chambuy,,
were removed the abrasion was covered with serntrans
parent tape the lesion owllined on the tape and
transferred to paper which was weighed and the area
was calculated All aress were determmed 19 duphicate

Chamber Techigue

Chambers moulded from epoxy material {Araldsse M
UY 956 Ciba Gegy Swuzrland diameter 33 mm)
were fitted wbings and stopeocks (Fig 1) Stenle
¢hambers were placed over the abiaston and fixed 1n
position with glue (Ducocement Dupont de Nemours
SA Belgium) and hypoallergeme tape Small chambers
{dumeter 20 mm) were used whep swdying various
¢hamber media

The leucocytes were harvested from the chambers by
the following procedure The chamber was drameg
flushied with (wo volusmes of saline G {5 M and refled
with fresh serum leaving an ar bubble 1o allow
movement of the Mwd The serum and saline were
centrifuged {150 5,y 10 mn) the Jencocytes resuspented
i siline 015 M and counted 1 improved Neubauer
haemocytomsters the Counts bemng made 1 two wparate
chambers The ¢ytology of the exudate was assessed by
counting 200 «ulls 1 May Grunwald Giemsa stained

coverslips

Chamber Mt o
Autolog us serum was Qbamed pwo HOVTS PR 1

the experyment filiered (022 pm SLGS 015 qs
Micropory) and stored at 490 [0 ceriain expurimesis
various media were used in the chambers 10 study thewr
\nfluence upon the mobilization of iewcoeyies la these
experimenys abrasions were nfinged 1 the same
srdsyrdualy and chambers conanng the different nwedia
were placed over the abrasion Chambers conianing
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untreated autologous serum Served 4S controls Seryr
was diluted with Hanks sohution pH 7 3 10 a final spryr
concentration of 50 35 and 10 heated at 56 °C for |
four or incubated with zymosan A (2 mg/m) Sigm:
Mo USA)at 37°C for ) hour

Leucocyte Labelling and Protein Determngtion
For leucocyte labelling venous blood (50 mi) war
withdrawn  allowed to sediment mn the presehee ol
fieparin (16 unuts/ml) and dextran (mol weight 250 000
Pharmacia Sweden) The erythrocytes were dysearded
and the feucacytes washed twice in salme 0 15 &
Indum 111 oxine was prepared ay described by
Thakur ¢ af (18) Indmm {11 (carrier free chloride
soluttan 10 mCt Amcrsham Radiochemical Centre
England} was chelated with oxne 0 35 pmoles (Merck
W Germanv) in ethanol and the complex formed was
evtracted wah chloroform The chloroform was tvapo-
sated 208 the residoe disvolved i ethanod (100 ) 2o
which was added saline 015 M {300 ) Leucocytes
were incubated with the complex for 15 min at room
temperature  washed (wice 1n saline resuspended 1n
plasma and adi d by a saline drip
Skin windows wefe snflicted simultaneously with the
t n of labld X The leucocytes
were counted and the radioactivity associated with the
cells after centrifugation measured
The serum concentration of alpha [ anutrypsin and
muranidase in the volunteers was measured by rocket
1 (19) Rocket teuiro
phoresis to measure the concentration of muramdas,
was carried out in agarose with low eluctroendosmos:y
(A 37 llndustne Biologie Francasse) v tns barbstone
dufter (pff 86 tomc strength U 675 Human muramt
dase punified from urine served as reference

Defimtions
The aim was to measure the mobifizauon of

leucocytes and determine s kinetcks The resulty are

expressed as

t Cumulited leucocyte migration (CLM) viz the jolal
number of lucacytes mobilized mto the chamber per
cm?abraded epidermis

2 Leucocvte migtapon rate (LMR) vz the number of
leucacytes accumulating 10 the chambur per hour fer
em? abraded epidoTaus during a given penod

Sulycens Studi d

Al experiments were performed on volumeers Tust
the influen.e of techrical variables was investgated and
«econdly the mobihzation nto chambers coptaning
autnlogaus serum 1 21 subjects (10 femates) median ake
30 years (range 20-68 years) [n all expersmenms he
chambers were emptied after 2 4 6 8 10 12 16 20
21 23 28 32 36 46 and 48 hours

Nane of the volunlecrs bad a history of recent of
chronic disease and all showed normal blood leucocyt®
and defferental counts as well as serum conceniration of
alpha | anutrypsin and muramidase

AL the termination of the expeniment the aheasions
were covered with sterile dressings left for § days The



-bour medium was culrured for aerobic and anaerobic
Natena In one mstance a few aerobic OTRANISMS were
fond Bleed ng did R0t 0GCUT 10 20y €Xperiment and the
&ffrenial counts never showed more than 1 erythro-
e ger § Ieucocytes wathin the first 4 hours

RESULTS

Ong nof Leucocytes Influence of Abraded Area and

Empiying Procedure

Following injection of !Indwm labelled autolo-
ous Jewcocytes radiacuvity accomulated n the
tharrbers The radicacuvity was assoctated with the
ol pellet afier centnfugation of the chamber
medum As shown in Fig 2 the accumulation of
rudioacuvity paralleled the appearance of leucocytes

Increasing the abraded area from 0 1 to 4 0 ¢cm?
rsulted tn a corresponding Increase 1n the number

of mobilized leucocytes (Fig 3)

To ensure that the chamber leucocytes had been
ffioendy recovered serum was dramed and the
cambers flushed with three separate volumes of
line 0 15 % The lencocytes 1n each volume were
unted and expressed as percemiage of the total
wumber of leucocytes harvested In six expeniments

B serum conwained 85~100% of the

LEUCOCYTES x 108

2190375

Fig 3 Influence of size of abraded area on the mo
ilization of leucocytes Experiments 1 two indwviduals

Influence of Serum Concentration heat Inacinatton
Zymosan Treatment and Repeated Use of Serum
Serum was essential for the mobilizanon Only a

B¢ first volume of sahne 0-10% the second
volume 0-5% and the third volume no leucocytes
Thrtfore the chambers were drained and flushed
i w0 volumes of saline before bemg refilled

Mih serum

faw were found 1n bers with Hanks
solution Rasing the concentration of serum in the
chamber meduim increased the number of mobili

zed leucocytes (Table 1) which however remamed
unafTected by inactivation of serum by heat or by 1ts
repeated use (Table 2) Treatment of the serum with
zymosan increased the migration by 12-53%

of
and leucocytes in the chambers

¢ Qumloted aumber of teucacy
o+ Cumulated act v ty of ce Ipel e

e
o okt v ¢
=l Scomut

2
Fep

L]
1 1 Acumulaton of
st adminmtranon of 1
Duplicate experiment i the same ind

.

1¥idua)

1

es.

2t Hours

leucocytes and radioactvity
'odium labelied. leucocytes

n Healthy Subjects

in 2} subgects the CLM was 50-113x10%
leucocytes /em? (median74 x 108) at 24 hours
ncreastng at 36 hours to 102-261 x 108 feucocytes
Jem? (median 145 x 106} and at 48 hours to a total
of 160413x10% leucocytes /fem? (median
200 x 108} Female subjects exhibited a CLM art 48
hours of 190 x 108 leucocytes /cm? male subjects
210 x 10% leucocytes /em? (p > 0 1) The CLM
showed no correlation to the blood leucocyte count,
the PMN count or the concentraton of alpha |
antitrypsin or muramidase

The majority of mobilized leucocytes appeared
duning the first 24 hours suggesung a slow
response o the abrasion The kinetics of this
Tesponse are esumated by the LMR given in Figur 4
for 21 persons during a 48 hour period Tnually
only a few leucocytes appeared in the chambers
ndicating a lag phase of 2-4 hours In the course of
the subsequent hours the LMR rapudly increased
reaching 2 maumum at 10~12 hours From 12 to
20 hours the LMR remained constant or slightly
reduced while at 22 o 24 hours 2 second increase



TABLE | Influence of Chamber Medium on the Cumulaied Mobilization of Leucocy tes in Three Subjects Results ai
Expressed as Percentage of the Mobilization Using Autologous Serum "

Leucocyte mobilization

Chamber medium

median observed range

Serum 0%, Hanks sol 100% 6 - 8
Serum 10%, Hanks'sol  90% 8 8- 16
Serum 25 %, Hanks'sol  75% [&] 13- 44
Serum 50% Hanks'sol 50% 37 35- 63
Heat inactivated serum 100 95-102
Zymosan treated serum 129 112-153

105 76-109

Previously used serum

TABLE 2 Citolows of the Chamber Medum Median Value and Obseried Range of 21 Experunents 21 Healilny
Volunteers

Hours after start
of skin window Neutrophil granulocytes Monocytes Lymphocytes
Percent Mean segmentation Percent Percent
10-12 94 (85— 99 322(295-345) 4 (=135 1 W05
24-28 97 (31-100) 319 (300-365) 15(0- 70 05(0-2)
36-46 97 (95-100) 322(287-360) 3 (0-49 0 (0-2)

was observed Before the experiments were termi-
nated the leucocyte count again decreased at 4648
hours

Cytology of the Chamber Medum

The cellular elements of the chamber flud
collected at 10~12, 24-28, and 36-46 hours were
examuned (Table 2) The leucocytes were predomt-
nated by PMN's with 0 2 to 1 ! nuclear segments
(medan 0 6) more than PMNs from venous blood
Varying the accumulation period from 2 to 10
hours did not alter the cytological picture of the
exudate

Macrophages were only present 1 small num-
bers In two experiments the abrasions were
covered with glass coverships after the chambers had
been removed Tmtially PMNs accumulated on the
coverships but were replaced i 7-10 hours by

macrophages
DISCUSSION

Skin windows produced by denudauon of the
epidermis by 2 surgical scalpel were ntroduced by
Rebuck et al (12) and adopted by Permille & Finch

258

(11) 1n the glass chamber techmque Scalpels with
different, curved edges were preferred in the present
study, as they gave umiform abrasions Without
bleeding and with only a few erythrocytes 1 the
exudates Semn ef al (15) used a high speed burr,
but correction for contaminating erythrocytes Was
necessary, and addition of heparin mduced persis
tent bleeding
Cantharidin apphied to the skin (2) or suction )
to produce blistering have also been used However
addstion of killed bactena (2) er removal of the
blister roof and bascment membrane (9) proved
necessary to itate a characteristic mobiltzation
The composition of the chamber medm 1S
essential  Maumal numbers of leucocytes were
found i chambers contatning undifuted serum
while only a few leucocytes appeared 1nt chambers
with Hanks solition Heat inactivation of serum did
not alter the mobilization, and activation of the
alternate pathway of the complement system merely
induced a moderate mcrease Previously (8 151t
has been reported that undiluted serum 1S optimal
for the mobilization that the cssential serum factors
are heat stable, non dralysable and can be 1solated =
on ton exchange chromatography — together with
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TABLE 1| [nfluence of Chamber Medium on the Cumulated Mobilization of Leucocytes in Three Subjects Results are
Expressed as Percentage of the Mobilization Using Autologous Serum

Leucocyte mobilization

Chamber medium

median observed range

Serum 0%, Hanks’sol 100% 6 - 8
Serum 10%, Hanks'sol  90% 8 8- 16
Serum 25%, Hanks'sol  75% 15 13- 44
Serum 50%, Hanks'sol  50% 37 35- 63
Heat inactivated serum 100 95-102
Zymosan treated serum 129 112-153

105 76-109

Previously used serum

TABLE 2 Gy tology of the Chambcr Medium Median Value and Obscried Range of 21 Experiments in 21 Healily
Volunteers

Hours after start
of skin window Neutrophil granulocytes Monocytes Lymphocytes
Percent Mean segmentation Percent Percent
10-12 94 (85— 99) 322(295-34%) 4 (1-135) 1 (05
24-28 97 (91-100) 319 (300-3 65} 1500-70) 05402}
36-46 97 (95-100) 322(287-360) 3 (0-49 0 (-2

was observed Before the experiments were termi-
nated the leucocyte count again decreased at 46—48
hours

Cytology of the Chamber Medium

The cellular elements of the chamber flud
collected at 10~12, 24-28, and 36—46 hours were
examined (Table 2) The leucocytes were predomi-
nated by PMN's with 0 2 to ! | nuclear segments
{median 0 6) more than PMNs from venous blood
Varying the accumulation period from 2 to 10
hours did not alter the cytological picture of the
exudate

Macrophages were only present in small num-
bers In two expeniments the abrasions were
covered with glass covershps after the chambers had
been removed Initially PMNs accumulated on the
coverslips but were replaced in 7-10 hours by

macrophages

DISCUSSION

Skin windows produced by denudation of the
eprdermus by a surgical scalpel were introduced by
Rebuck et al (12) and adopted by Permile & Finch

258

(11) 1n the glass chamber technique Scalpels with
different, curved edges were preferred 1n the present
study, as they gave uniform abrasions without
bleeding and with only a few erythrocytes i the
exudates Senn et al (15) used a high speed burr
but correction for contaminating erythrocytes was
necessary, and addition of heparin mnduced persts
tent bleeding
Cantharidin applied to the skin (2) or suction (9)
to produce blistering have also been used However
addition of killed bacteria (2) er removal of the
blister roof and basement membrane (9) proved
necessary to imutate a characterisie mobtlization
The composition of the chamber medium s
essential  Maximal numbers of leucocytes Wwere
found 1n chambers containing undiluted serum
while only a few leucocytes appeared 1n chambers
with Hanks' solition Heat inactivation of serum did
not alter the mobilization, and activation of the
alternate pathway of the complement system merely
induced a moderate increase Previously (8, 151t
has been reported that undiluted serum 15 opumal
for the mobilization that the essential serum factors
are heat stable, non-dialysable and can be isolated ~
on ion exchange chromatography — together with
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the gamma globulin fraction (15) Zn vitre activation
of the ) system 1
factors (16) In the skin window

chamber permits supplementary studies of leucocyte
function et vitro

factors may be of less importance, as heat
nactivation of the serum did not reduce the number
of cells mobilized

A lag phase was observed 1n the present study as
1t has been 1n others (2, 8,9, 11) Perhaps, 1t merely
reflects the distance the leucocytes have to travel to
reach the abrasion This concept 1s supported by the
finding of Senn o1 @l (15) of a brief lag phase m skin
windows contamnated with erythrocytes, as a sign
of deep abrasions The subsequent increase n
migration suggest an Interaction between the
leucocytes arrving first and the serum Possibly,
the alteration takes place 1n the lesion itseif, seeing
that repeated use of the serum did not increase the
mobiltzation  Mobilization of feucocytes may be
imtiated by PMN lysates (8), and 1t has been
suggested that an tnteraction with membrane bound
esterases tntiates rigration (1)

Leucocyte mobilization in healthy persons has
been described previously 1n studies using different
methods of producing skin windows and different
media (7, 9, 11, 14) The values found have been
discrepant, but in keeping with differences 1n the
techniques Undiluted serum was used as a medium
by Senn (14) who found a cumulated mobilization
of 69 x 106 leucocytes/cm?/24 hours compared
with 74 X 10¢eucocytes /cm2/24 hours in the
present study Senn (14, 15) described a npeak type«
mobiization 1n male subjects and an »up slope«
mobilization 1n females No indication of such
different mobilization types was found in the
present study or tn other studies in which scalpels
4, 1) or suction (9) have been used to produce the
skin window The explanation of these differences 1s
possibly technical as Senn et @@ (15) reported
different types of mobilzation to stmultaneous

hambers 1n the same 1

In all studies using the chamber technique the
mobilized leucocytes have been predomiantly
PMNs Macrophage predommance 15 a regular
finding at 6--10 hours when using the original shin
window techmque (12 13) The ooccurrence of a
macrophage phase when glass covershps are placed
on the abrasion may reflect a foreign body reaction
or displacement of the PMNs from the glass
surface

The skin window represents the only method
applicable n man for studying the wflammatory
response o By the chamber techmque the
mobihization of leucocytes from the blood to the
imflammatory lesion can be quantitated Further-

more the total number of cells harvested from the

The author is grateful for the skilfut assistance of Miss 4
L Poulsen for the review of the manuseript by ¥ Binder
M D and for the donauion of human muram:dase by N
M G Harboe The Protemn Laboratory Unwversity of
Copenhagen The study was supported by the Damsh
Medical Research Counci! (No  512-7257) and by
Kobmand 1 Odense Johan and Hanne Wemann nee
Sedorff’s Foundanion
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ANTIGENS AND ANTIBODIES IN
PLASMODIUM FALCIPARUM MALARIA STUDIED BY
IMMUNOELECTROPHORETIC METHODS
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Buchanan Libenia

Jepsen S & Axelsen N H Antigens and anubodies 1n Plasmodium falciparunt malania studied by
mmunoelectrophoretic methods  Acta path microbiol scand Sect C 88 263-270 1980

Soluble plasma antigens 1m §3 Liberian patients with £ fafcparum matana were analyzed i double
difusion using plasma from 27 immune adults One smmune plasma reacted with 17% of the piasma
samples and was used tn (IE} studies as antiserum By
fused rocket IE 2 antgens were found in samples with parasuaentia (P above 0 6% and above 4 5%
P the antigens had grossly increasing concentration In 22 samples of 0 6% P or more 7 antigens were
demonstrated by crossed IE Two electrophoretically heterogeneous anugens Ag | and Ag 2 were
found most frequently Ag 1 was partly heat stable and was tn some samples amphiphilic s shown by
charge shuft crossed IE Az 1 and Ag 2 did not contain integral erythrocyte membrane protemns and
Ag 1 15 suggested 1o be a structaral protesn of £ falaiparum Twenty stx 1mmune plasma samples were
screened for anubodies against 4 antigens in crossed IE with mtermediate get 1t 1s suggested that an
index for protective immumty may be obtained by summation of semiquantitative titers obtained by
crossed IE wuth 1ntermediate gel using an antgen pool representing eg 2030 soluble antigens

Key words Plasmodium fataiparum malania soloble anugens precipitating anubodies
S Jepsen e t of T
Copenhagen S Denmark

rUme Statens.

Amager Boulevard 8¢ DK 2300

Rexived 16180 Accepted 1 v 80
McGregor et al (1968) provided evidence by

using double diffusion in gel that antibodies from
Immune adults react with soluble antigens present
0 blood from children with P Salaparum wiechon

Atleast 30 dufferent antigens of which 20 are heat

Stable (S antgens stable at 100 °C for § mtn) have
bern demonstrated by matching very large seres of
Patents sera and immune sera (W ison er af 1969

Walson e a1 1975 McGregor & Wilson 1971}
None of these antrgens have been isolated but some
infigens have been partially characterzed by
Belfiltration  sucrose gradient ultracentrifugauon,

heat succeptibitity and resistence to degradation by
vanious enzymes (M dlson et al 1969 Wifson er af
1973 Wyson 1974} studies of

euracts of parasitized red cetls mamtained 1n vitro
i presence of radioactive ammoacids showed that
S antigens were not labelled 1n contrast o some L~
antgens {L anugens destroyed at 56 °C for 30

? v 444 LDese results

host parasite relationship
. In the present study we have apphed quanttatve
E methods to the study of soluble malaria antigens
and thexr corresponding antibodhies The Tesults age

m With some of the earlrer observations



MATERIALS AND METHODS

Antigen Material

Seventy patients attending the outpatients clinic at the
Steven A Tolbert Memorial Hospital Buchanan, Grand
Bassa county. Libena and the LAMCO Hospatal,
Yekepa Nimba county, Liberia during the month of
June 1977 for treatment of malaria were prior to
hi y bled by 1n sterile EDTA
tubes {Nunc Denmark) Case selection was conditional
upon fever and the presence of P falaparum 1n thick
blood films prepared from fingerprick Thin blood films
for determination of parasttaenua were made from the
EDTA blood samples and stained with 4% Giemsa The
results are reporied as percent parasitaemia, that 1s, the
ratto of infected erythrocytes to the total number of
erythrocytes counted In each specimen 3000 to 5000
erythrocytes were examuned by 2 persons at
1000 x under o1l Seventeen patients were excluded from
the nvestigation for reasons such as tnfection with more
than | malaria species loften P malaria) or evidence of
concomitant wnfections

EDTA blood samples were spun at 2000 x g for 3
muutes and to the plasma was added Aprotimmn
{Trasylol® Bayer W Germany) and NaNj to a
concentration of 100 X 1| E/m! and 15 mM
respectively storage was at =20 °C

Antisera

Immune scra Four ahquots of acid otrate dextrose
plasma were obtained from outdated blood from the
blood banks of the above mentioned hospitals Samples
of 10 ml EDTA plasma were obtamned from 23
apparently healthy African adults Afier addsion of
Aprotimin and NaNj as described above the samples
were stored at =20°C Serum was prepared from the
samples by recalcification

Plasma was used 1n double diffusion in gel whereas

punched 11 a broad gel without antiserum Electrophore
sts proceeded at 2 V em~! for 18 hours at 12°C The
Plates were washed, pressed and staimed with Coomasste
brilliant blue R-250

Crossed 1 ophorests with I diate Gel
(Axelsen 1973) was performed on glass plates 7x 5 em
th 1% agarose gel using the buffer and gel described
above In first dimension 20 pl antigen (plasma) was roa
with 2 potential gradent of 10 V cm~! for 30 minutes 3t
12°C The second dimension gel contamed 400 pb
1mmune serum No 1, and 2 V em=! was applied for 18
hoursat 12 °C In different experiments the intermedsate
gel contained 150 pl immune serum from different
persons 100 pl rabbut antierythrocyte membrane Ig of
01 M NaCl {contro! plates) The plates were washed
pressed and stained with Coomassie brlliant blue R-250

Charge-shift Crossed I lectroph (Bhakdt
et al 1977) was performed as crossed immunoelectio
phoresis as described above First dimension electropho
resis was performed 1n 3 different gels containing 0 5%
Triton X-100 {control plate} 05% Triton X-100 +
0 2% desoxycholate (DOC) and 0 5% Triton X-100 +
00125% N cety:N N N trimethylammonumbronnd
(CTAB), respectively Second dimenston gels contained
1 all 3 experiments (400 pl) immune serum No 1 and
05% Triton X-100 The first dimension electrophores's
was run uni) a hemoglobin marker had migrated
20 mm measured from the anodic edge of the applict
tion basin 1o the forefront of the hemoglobin band AR
amphiphilic protein will n this set up change HS
rugration distance at least Smm m both DOC and
CTAB

RESULTS
n the 53 antigen {plasma) samples

serum was used 1n fused rocket p
crossed immunoclectrophoreses and charge shift crossed
1mmunoelectrophoreses

Rabbit anniscrum Rabbit immunoglobulin precipita
ting the intrinvic (integral) membrane proteins of human
erythrocyles was purchased from Dako I
Iins Ltd  Copenhagen Denmark (Code A 104 lot
047

Double Diffusion in gel (Quchterfony & Nifsson /978)
was performed 1n | % agarose gel {Litex Glostrup
Denmark type HSA) 1 Tris-barbstat buffer pH 86
jomic strength 002 on glass plates 10X 10 cm The
wells 4 mm in dameter contained 10 pl of the reagents
and were 7mm apart (centre to centre) Diffusion
proceeded for 24 hours at 20°C and reading was
performed both 1n the wet state and after staining with
Coomasste brifliant blue R 250

Fused Rochet Immunociectrophoresis (Svendsen 1973)

erformed on glass plates 10 x 20 cm in | %% aparose
gel as wn the double
m wells

was
ge) using the same buffer and
diffuston test 10 pl samples were applied

P

vaned from 9 2% 1 24 5%

Double Diffuston-in-gel

The diffusion was carried out with all 53 antgent
(plasma) samples agamst the 27 plasma samples
from 1mmune adults

Thirty (57%) of the 53 antigen samples and 19
(70%) of the 27 antiserum samples formed
precipitate at Jeast with one antiserum and antigen
sample respectively One antiserum (No 1) was
among the 5 best anusera reacting with {7% of the
antigen samples This antiserum, which was avail-
able in appropriate quaniities, was selected for
further studies by quantitative IE (see below)}

Of the 23 non-reactng antigen samples 13
onginated from patients with parasitaema below
06% All but one of the plasma samples from
patients with parasitaemia of more than 4% reacted
with one or more antisera The exception was a
sample from a chuld with a parasitaemia of 6 5%
Increasmg } Jated t0

was po 34
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02% 05% 171%

3%

245%

Fg 1 Fused rocket IE of 53 ptasma samples from P falciparum miected patients agasnst immune serur:: No t ::;

Plisma samples were arranged in order of increasing parasiaemia from left to right First and llast :e e':)op‘;z

“miple No 6 {(rom lefl) excluded 1m control experiments for reasons mentioned under materials an m;o ot
To anugens were detected above 0 5% parasitaemia and they showed a grossly paraltel variaton above

paras taemia

Technical 10 pl plasma samples 1600 41 immune serum anode at the top electrophoresis at 2 % em ! for 18 b

Saning Coomassie brultiant blue R 250

Tacthon with an increasing number of antisera
s 11 samples with parasitaemia above 3%
Precipitated with 4 or more antisera

Fused Rocker Immunoetectrophorests

Plasma samples were arranged tn order of
increasing parasitaemia and electrophorized against
mmune serum No | Fig | shows that no antigens
were found 1n the range 0 2-0 5% In

range (0 2-3%) were selected for crossed immu
m order to whether
more antigens than the 2 revealed 1n Fig | could be
detected and to study the electrophoretic mobility
and profile of the antigens As antiserum was used
No t
The twenty five crossed immunoelectrophoreses
plates were compared and as Judged from the

I fange 0 51 7% 1 anugen was demonstrated i
416 of the samples In the range | 7-3% parasiae
™12 2 uncelated antigens with different precipitate
Morphology were found in S of the 12 samples and
™n¢ 3 samples In the range 3-24 5%
Parasitaemia the 2 antigens could constantly be
demonstrated 1n af samples but one (xn Fig 1)
andabove 4 5% P (he antigens generally showed an
tncrease 1n concentration

The same experiment s shown 1 Fig | was
Performed with cathode at the top m order to detect
ntigens migrating towards the cathode No such
#nugens could be demonstrated

Crossed Immunoelectrophoresss

The mineteen anugen samples with highest
Parasitaemia (1 834 % danzz - _ desin the low

char: of the 1e Yy
electrophoretic profile and position a total of 6
antigens were found Fig 21sa composite drawing
of the findings and a typical appearance of
preciptate No 1 and No 2 1s seen in Fig 3 The
findings are summarized 1n Table ¥ Antigen No |
displayed 1n most instances 3 peaks

Without
Spurning 12 was ma few mnstances split 1n 2 peaks
Peak Ic had 1n all samples an irregular tailing and

often a double contour indicating that ¢ was

was thin but distinct an
with preciptate No |
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Fig 2 Composite drawing of the six anugens found by
testing plasma from 25 patients agatnst immune serum
No 1 in crossed IE

e
N f .
A

Six antigen samples Containing Ag | and Ag 2
were tested 1n crossed immunoelectrophoresis with
rabbit ant: human erythrocyte membrane antibo
dies 1n the intermediate gel and anttserum No | 1n
the upper (reference) gel The rabbit anttbodses did
neither precipitate antigen No | nor No 2

Heat Stabiliy

Seven antigen samples were heated at 100 °C for
S mun and tested in crossed IE aganst antiserum
No | Antigen Ib was stable m all tests and 12 and
lc were unstable 1n a few experiments Antigen 2a
and 2b were destroyed at 100°C but resisted
heating at 56 °C for 30 min The findings are
summarized 1n Table |

Charge Shuft Crassed [E
Seven plasma samples with surtable concentra

tions of antigen I and 2 were selected for this test
In 2 samples antigen | displayed a complete charge
shift of S mm with both DOC and CTAB as seenm
Fig 4 In the other 5 samples the charge stuft of
antigen | was incomplete 1e less than a 5§ mm
shilt or only a shuft with CTAB Antigen No 2
showed no charge shift The results are summarnized

1n Table 1

Qccurrence of Antibodies mn 26 Immunc Sera
Twenty six sera were tested for the presence of
antibodies aganst antigen fa b c and 2a b n
crossed IE with mntermediate gel Plasma sample
No 5 was used as antigen and antiserum No | as
reference 1n the upper gel Antibodies aganst
anugen No | 1n varymg titers were found i [3
(50%) of the tmmune sera (Table 2) Nine (35%)
immune sera contamed antibodies agamnst antigen
No 2 but in relatively low tters Two additional
antigens x and y were found 1n these experiments
As judged from precipitate morphology profile and
electrophoretic position Ag x most likely 15 identical
to Ag6 whereas Agy with an electrophoretic
mobility higher than Ag Ja was not seen before It
appears from Table 2 that ant1 y 1s as frequent 25
antt { 1n the tmmune sera studsed but there was no
correlation between the occurrence of the 2 antibody

Fig @ Crossed IE with imermediate gel (containing 250
p! 01 M NaCl of a patients plasma againsi immun¢
serum No | Note the very slender peak of antigen No
1b

Technical 20 pl pattents plasma 400 pl immunese
rum tstdun electrophorests at 10V cm 1 for 30 min
2nd dim electrophoresis at 2 V cm 'for 18 h staiming
Coomassie brilliant blue R 250



1 by Crossed 1 le horests i
and Charge Skift of Antigens
TABLE ! Aumber Hoat siabit Fiosma of 23 Patienis xath P falpacum fafection
» Charge
Heatsabitiy*} shift™h
AnugenNo Ag Mo Az e
Sample Parasitae
No ma(¥) » 1 2
a1 ke BB 3 4 S 6 ta b oic
- = (% =
+ o+ 4
1 15+ o+ o+ o+ 4 M
: 13 MDY e e o - () =
3 12 . e+ e s
5 * o .
5 " D, PO )
§ b M : + + -
7 9 + v+ - -
3 75 + o+ 4 + e s )
9 65
19 5S . M
" 5 +
b3 5 + ¥ . _
13 5 L N - v - )
1" 45 + .
15 45 A _
1% ) o+ s + - - +
n )
18 3 o+ e
19 35
0 3 + +
n 2 e e s
n 06 +
23 03
2 02
25 02
*) Tsamples heated at 100 5C for 5 min + tstabled ~tunstable)
*) 7 samples tested + charge stfit with both DOC and CTAB) t+7feharge stuft only with CTAB) ~ fno charge
shifty
specifiies Fig $ shows an SAperiment in which  much larger materials using a less sensitive
i and anty were demonstrated 1n mmune

serum No 13

DISCussioN

Our results confirm some of the results previously
repofied concerming sotuble antigens and their
corresponding antibodies m P Jalcparum majana
UicGregor et af 1968 Wison e af 1969
McGregor & % ilson 1971 Widson er ot 1975) In
SPite of our relatively small cisnical material 1t was

possdle 10 demonstrate 7 dfferent antigens by
AMMVE < nf I cataman |

technique

The number of varasitized erythrocytes per ol
blood 15 2 more relevant measure of parasite load
than the parasitzemia but was not obtainable in this
study However fused vocket IE showed thay the
2nugen concentration grossly increases with increa
sing parasitaemia above 4 5% Ths finding 45 1n
accordance with the observatans. using double
Aiffusion techmque  Therefore by using more
sensiuve techniques g may be possible 1o demon
strate solubfe antigens in a))
falaparum malara, W
abscence of anuy
Fig 1

Antgens Nos | and 3 Wwere the most frequently
detected antigens ang displayed electrophoretse
heterogeneity 1n ay samples Antigen Mo 1p gavea

€ have no explanation for the
2¢ns 10 the sample marked X 1n
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Fii. 2 Composite drawing of the six antigens found by
tesung plasma from 25 patients agatast immune serum
No 1 m crossed 1E

Six antigen samples contaiming Ag I and Ag 2
were tested 1n crossed immunoelectrophoresis With
rabbit ang; human erythrocyte membrane antibo
dies i the intermediate gel and anuserum No Im
the upper (reference) gel The rabbut anubodies did
neither precipitate antigen No [ nor No 2

Heat Stabihiny

Seven antigen samples were heated at 100 °C for
5 mun and tested 1n crossed |E agamst antiserum
No 1 Antigen Ib was stable in all tests and 1a and
Ic were unstable 1n a few experiments Antigen Ja
and 2b were destroyed at 100°C but resisted
heating a¢ 56°C for 30 nun The findacs are
summarized in Table |

Charge Siuft Crossed IE

Seven plasma samples with sumable concentra
tions of antigen 1 and 2 were selected for this test
In 2 samples antigen 1 displayed a complete charge
shift of 5 mm with both DOC and CTAB as sesnin
Fig 4 In the other 5 samples the charge shift of
antigen | was mcomplete 1e less than a 5 mm
shift or only a shift with CTAB Antigen No 2
showed no charge shift The results are summarized
1n Table |

Occurrence of Anttbodies wn 26 Immine Sera
Twenty six sera were tested for the presence of
antibodies against antigen la b c and 2a bn
crossed IE with mtermediate gel Plasma sample
No 5 was used as antigen and antiserum No [ as
reference 1n the upper gel Antibodies acanst
antigen No 1 1n varying tters were found m 13
(50%) of the immune sera (Table 2) Nine (35%)
sera bodies against antigen
No 2 but 1n relatnely low titers Two additional
antigens x and y were found in these expertments
As judeed from preciprtate morphology profife and
electrophoretic position Ag x most likely 1§ denticat
to Ag 6 whereas Agy with an efectrophoretic
mobility higher than Ag la was not seen before It
appears from Table 2 that anti y 1s a5 frequent as
antt 1 1n the immune sera studied but there was no
correfation between the occurrence of the 2 antibody

Fig 7 Crossed IE with imiermediate gel (containing 250
pt 01 M NaCD of 2 patient s plasma aganst immung
serum No | Note the very slender peak of anugen Ny
b
: Technical 20 pl patient s plasma 400 pl tmmunese
rum Ist dun electrophoresis at 10\ cm ! for 30 min
Ind dim electrophoresis at 2 % cm !or 1% b staemng
Coomasste brithant blue R 250



Fg'5 Crossed IE with intermediate gel containing
200 1 (precapuate extending to Ist dim BeD anti 2{defl
lecton of precipuate) and antt Y anubodies Note the
fast mob iy of antigen Y

Technical 20 b patient s plasma (No 5} Intermediate

£l contaned {50

Bl mmuneserum (No 13} Upper
eeference gel contan

ned 400 pl immuneserum No | fst
9m electrophorests at 10V em ! for 30 mun 2nd dim
electophoresis at 2 v cm | for 18h Staining
Coomasste britiant blue R 250

1974} 10 be of hosy (erythrocyte”) origin However
A81 4 not react wih rabbst any human
erythrocyte membrane proteins and Ag | therefore
does not contain any of the known amphiphilic
Proteins of the hyman erythrocyte membrane We
find 1 an tnteresung possibility that Ag 115 a P
Jaliparum membrane protein released during the
Malaria atacks but more direct evidence is needed
to confirm this hypothesis Anu Ag 1 anubodies
are strongly Precipitating indicauing that they most
Probably not are allo or autoanubodies The use of
EDTA may have facilyated the solubifizatron of
Al buty 15 bikely that Ag 145 sufficientty water

soluble 10 be a cuwculaung antigen since it easily
,23mred i crossed IE using agacose gels with ne

Reclass QecGregor er at

o0 with rabbit any
Tythrocyte membrane antiserum

y N

Due to the high frequency of Ag | and Ag 21n
the patients a series of 26 immune sera were
screened for antibodies against these two antigens
The antibody findings summarized 1n Table 2 are i
accordance with earher findings showing that
antbodies 1 immune persons Tepresent a broad
spectrum ol specificities occurning 1n unexplamable
combinations at the present stage of knowledge
QfcGregor & Wilson 1971 B aison et al 1976) The
antibody tters were semiquantified and also the
uters varied very much The screening furthermore
revealed that the anuigen sample in 2ddition to Ag 1
and Ag 2 contained at least 2 additional anugens x
andy and we suggest that Ag x 1s idenucal (o Ag 6
The 26 sera were therefore 1n fact screened for
antibodies against 4 antigens

The demonstrated anubody specificittes may con
tribute  protecve mmmuniy  but 1f so other
specificiues must also be protectne since no
antbodies were demonstrated 1n 5 of the immune
persons (Nos 5 16 24 25 26 Table 2) We
therefore suggest that the protective immunaty to P
falciparum mught be measured as the sum of
Semiquantitauve antibody uters found by screenmg
sera in crossed IE with intermediate gel This would
require as reference antigen a pool of selected sera
from malania patents To be able 1o detect
antibodies 1 low titers an antiserum pool reacting
with these antigens should be used as reference
anuiserum When tested  this way one serum
only needs one analysis for detection 1dentificanion
and semiquantitative utraion of all antibody
speaificities Uxelsen 1973) and the inter sndividual
differences 1 anubody TESpOnse 1S mimmized
Uxelsen 1976) Selection of suited reference anu
gens and anusera obviously Tequires screeming of
very flarge clinical materals or production of
anugens by 1 vitro culuvation of P Jalciparum and

of rabbuts for prods of reference

anuserum

gleduy acknowledzed The study was

done under ha
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$ TRITON X-100 +
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~ TRITON X-100
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Fig 4 Charge shift of antigen No Ib (arrows) in
presence of DOC (desoxycholate) and CTAB (N cetyl-N
N N trimethyfammonumbromid)

Technical 20 ul patient s plasma first dimension gel
contatned detergents as mdicated Second dimension get
contained 400 | ymmune serum No | and 0 $% Triton
X 100 First dimension elecirophoresis was run until a
hemoglobin marker had migrated 20 mm Measured from
the anodic edge of the application basin to the forefront
of the h: it hand Second
sisac 2 v cm-l for 18 h staiming Coomassie brilliant

blue R 750

268

;’I'ABLE 2 Antibodies m 26 Immune Serg Demonsiraied
v Crossed [E with Intermediate Gel Using Antigen
Sample No 5 and Immune Serym No 1 as Reference

Immune Antibodies against antigen
seum ——
No No 1 No 2 X ¥

—_—
2 ++ - +++ -
: +4+ - 4 -

++ - -
: + - ++j i
6 — - -~ +ht
7 4 - ~ 4
8 + + - -
9 -+ + ~ 444
10 + + ~ e
11 ++ - -~ hhad
12 + 4 - - i
13 ++ + S b
14 + - - -
15 - + - -
16 - - - -
7 - + Y
18 - - - 444
19 - ++ R
20 - - - 44
21 - + - 4+
2 _ ++ - 44+
23 4+ - ++4 -
24 - - - R
25 - - - -
26 - - - N
27 ++ - - N

a high titer (precipniate located close to of

+4+4
reaching the Ist dimension gel (Axetsen 19730

++ a2 medwm uter (between +++and +)

+ a low nter (reference precipnate deflected of

extended tnto the intermediate gel (A velser
1973

very charactenistic slender, distinct and potnted
precipitate, and Ag lc the »tail« of Ag-l was
irregular and often double-contoured indicating that
Ag-1 possibly was of amphiphilic nature (Bjerrum
1977} This suggeston was supported by the
finding that Ag-1 1n two samples showed charge
shift with both DOC and CTAB In 5 other samples
Ag ! only showed charge shuft with CTAB These
observations indcated that Ag-1 might represent a
more or less solubtlized integral membrane protein
(antigen) from P falciparum or possibly a complex
of a P falciparum antgen and an erythrocyte
membrane protem Ag-l was heat stable and
therefore belongs to the S-class of antigens demon-
strable in P falciparum malana suggested (Wifson
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Sthaten C The group A sirepiococeal receptor for human IgA binds IgA via the Fe fragment Acta
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Erght freshly 1solated type M4 steamns of group A sireplococcs were found (0 bind between 60 and
80% of 25 pg radwlabelled 1gA myeloma protein n a standard test system While 2 reference type 4
straim bound only 20% Commercia) hurnan 1¢G or 16G1 myeloma protein did not inhibit the hinding
of IgA by the reference type 4 strasm or one of the freshly rsolated type 4 strains whereas thibition
was obaied by punified polyclonal Iz and IgAl myeloma protein Fc fragments of purnified IgAl

myeloma protem obtaned by digestion with gonococcal protease inhabited binding of radiofabelled
1871 while the Fab fragments had no inhibitory effect

Rey words Streptococs human 1¢G human lgA

Class Schalen Department of Medical Microbiology

Accepled a5 submtted 20 v 80

Many group A C and G streplococer have
receptors for human 1gG (1 3 4 6 7 10) while
124 receptors have been demonstrated 1 only a few
strams of group A streptooocct (5 10) Chnstenscn
& Ovelrus (5) reported that the binding of IgA
myeloma proteins to group A streptococer type 4
was not sigmficantly intubnted by 1gG and vsee
versa Recently separate receptors for human IgG
and IgA were demonstrated 1n alkaline eviract of
type 4 group A streptococct 412)

The interaction bevween IG and the correspon
ding streptococeal receptors has been locahized to the
Fe fragment of fgG (I 3 6) The present paper
concerns the interaction between Fab and Fc
fragments of 1gA and the streptococcal 1gA
receptors A recently described method for eleavage

of IgA by gonococeal TgA protease was used 1o
produce these 1g\ fragments {11}

MATERIALS AND METHODS
Bactenal Strarns and Preparations

The group A streptococcal reference stramns M4

~

Fab fragment Fe fragment

Solvegatan 23 $223 62 Lund Sweden

(SS241) and M1S (EF 1949) and B freshly ssolaied type
M4 siramns were used i IgA binding expersments
Standard suspensions of the stramns were prepared as
described by Christensen & Ovelius (4)

The gonococcal straim used for cleavage of IgA has
been subculuvated five times a week for several years
our Yaboratory (stram 3K}

Immunoglobulin Preparations
Human purified polyclonal IgA and one 1gG! and
ofe {2Al Kagpa<chain M-componeat were kandly

supplied by Dr A Geubb Malmo General Hospual
Matonn Smodam &1 — = B

sed . .

bel

Teeptor and were also used m untabelled state for
nhibition studies

Digesnon of Munoclonal Human Ie4} by Gonococcal
Frotease

The gonococeal strain 3K was grown o

37°C n 6% CO; after heavy ?nocullu;:":?h:‘o:
haematin agar plates (9 cm diameter) The colonies were
harvested and suspended in S ml of IgA myeloms
protesn 10 mg/mt i phosphate buffered saline (PBS
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Eight freshly isolated 1
% of 25 ug radiolabelied IgA myeloma
Strain bound only 20 ¥ Commercial human 1,
of TgA by the reference 1ype 4 strain or one
#as obtasmed by punified pofyclonal TgA and
mytloma proten ahtasmed by digestion with

ype M4 strains of group A streptococct were found to hind hetween 60 and
Protem 1o a sandard test system while a reference fype 4

2G or 1§G1 myeloma protei did not 1nhibit the binding
of the freshly 1solated type 4 strans whereas inhibson
IgAl myeloma protein Fe fragments of punified 1gA1
gonococcal protease nhihited hinding of radiolabelled

1870 while the Fab fragments had no wmhibstory effecy

hey words. Swrepiococci human 186G human IgA Fab fragment Fe fragment

Qlacs Schalen Depary of Medical \

Sol

Accepied ay submiued 20v 80
Many group A C and G streptococes have
FeCEptors for kuman 1gG (1 3 4 6 7 10) while

183 receprors have boen demonstrated 1n

only a few
Stratas of group A

23 5223 62 Lund Sweden

(552411 and MISCEF 1949) and 8 freshly 15olated type
M4 strans were used in gA hinding experiments
Standard suspensions of the strams were prepared as
described by Christensen & Oxelus (4)

(510} Cn 1sen
& Oclis (5) feported that the binding of TgA
Myeloma protems 10 BrOoUp A streptococer type 4
Ras not significantly intubned by 12G and e
*ersa Recently separate Teceptors for human [gG
204 LgA were demonstrated 1n alkabne extract of
Pe 4 group A streptococa (12}

The interaction between 128G and the correspon
ding Streptococea receptars has been focafized 10 the
Fe fragmeny of BG (1 3 6) The present paper
RS the imeraction between Fab and Fe
ments of JgA and the streptococcal 1gA.
bed method for cleavage

A protease was used to
Produce these TeA fragments (11)

MATERIALS AND METHODS
Bacienar Straing ang Prepatanons
The $15up A sureptococca) reference strains A4

The gon | strain wsed for cleavage of IgA has
been subeuluvated five tumes a weck for several years i
our laboratory {stram 3K}

fmmunoglobuttn Preparanions

Human punified potycional I2A and one 1G1 ana
one fgAl Kappacham M-component were kindly
supplied by D A Grubb Maimo General Hospral
Malmo Sweden Human comme

ercial 1gG was purcha
sed from AB Kabi Sweden {batch ho 70972y

The IgA1 and 16G | myeloma proteins were rayol
belled with 251 19) for derection of streptococeal Iga

recepor and were also used 1g unlabelled state for
hibition studies

Dieestion of Monoctmal Human Iedl by Gonogpecat
Feotease

The gonococral stram 3K was grown overnighy at
37°C 1 6% €Oy after beavy mocutaton of o
hacmaun agar plates (9 cm diameter) The colonies were
Suspended n 5 mi of fgA myetoma
protein 10 mg/eal in phosphate buffered sajume (PBS



003 M phosphate 012 M NaCl pH 7 2) The mixture
was ancubated at 37°C rotating tubes for 17-]8
hours centrifuged at 10000 g and the supernatant
sucked off and sterile filtered The digested 1gA myeloma
protein was analyzed by immunoelectrophorests {(13)

Preparatony Elcctrophorcsis

Preparatory electrophoresis was performed 2 4 mm
layer of 1t agarose (Miles Ltd England) (in 0 075 M
barbita) buffer pH 86 contaming 2 mA calcum
lactate) paured overa 205 x 110 mm glass plate (2) The
crude digested IgA preparation was applied 1n a 6 mm
broad channel 190 mm long cut i the agarose gel 75
mm from the projected anode A voltage of 150 V was
apphied for 2 hours after which the gel was cut mnto §
mm wide slices After treezing the pieces overnight at —
80 °C followed by thawng and centrifugation at 3000 g
protetn containing supernatants were harvested

Scparation of Digesud Igd M Componcnt by Ged-
Filtranion

The digested IgA myeloma protein was separated on
a Sephadex G200 column (2 § % 90 em filtration 1 PES
at a rae of 18 ml/hour 3 ml fracuons)

Rabbu Anuscra
Antiserum to IgA and antiserum 10 kappa chain were

purchased from DAKQO Copenhagen Denmark

Protein Dcrermunations
Protein concentrations were measured with a modifi

cation of Fufin s method (8)

Determnaion of the Uptake of Radiotabelled IgAl and
1gG1 by Streptacocet Inhtbiston Expcriments with Immu
nuglobudines and fgd fragiments
The binding of radiolabelled IgA 1 and IgG 1 myeloma
protem to the streptococct was measured as described by
Christensen & Oxelius (4 5) with slight modifications
An excess of streptococcal Ig receptors s allowed (o react
with a constant amount ol radiolabelled ig FBS 0V pr
contaiming 6 14 (vol/vol) Tween 20 {in order to
fic protewn adh was mixed with
200 t of the strepiococcal standard suspension and 50 pt
radiolabelled IgA | or IgG1 (2 5 pg) After 30—45 min at
22°C 2 mi PBS containing 0 1 % Tween 20 was added
the tubes centnfuged at 3000 g and the supernatant
sucked off The radioacuvily n the pefler was expressed
as a pescentage of the (ol amount of radwactivity
added Tn the inbibion experiments wuh different
immunoglobulin preparations the preparation to he
\nvestigated was first mixed with the sueptocow and
PBS contaimng 0 } % Tween 20 and left at 32 °C for 2-
5 min After the addinion of 50 uf radrolabelled igAl 25
pg) the pinding of IgA 1 to the streptococct was tested as

described above

RESULTS

Binding of Radolabelled leAl and IgGl by Some
Group A Streptococct

Al 8 freshly ssolated type M4
bound 60 to 80% of the

strats wnvestigated
173 fahelled [gAl

40

[

1 2 5 0 20 50 1004

Frg I The effect of addiwon of vatous unlabelled
immunoglobulin preparations on the hinding of radioly
belled [gAT myeloma protem to type M4 streptococy
strain 595 Abscissa pg of unlabelled immunogiobul o
added Ordinate uptake of radwlabelled lgAt myelom,
protein 1n "o of 25 pg added IgA Fab Fab fragmenys
of IgAl IgA Fe Fe fragments of IgAl IgAl IgAy
myeloma protein 1gG1 1gGl mycloma prowen < 1gG
commercial human IgG and p Ig4 polyclonal IgA

myeloma protem In contrast the reference strain of
type M4 55241 (which had been kept ang
subcultivated 1n the laboratory) showed an uptake of
only 20% The uptake of type 15 group A
streptococe: was below 5% In the followmng
experiments two strains were used the reference
strain of type M4 and one freshly rsolated M4 strain
(595)

In order to nvestigate the specificity of the IgA
binding various unlabelled immunoglobulin prepa

TN
1

22
—

Fig 7 of digested
protease) and undigested lgA | myeloma proten Well t
apphcation well for undigested 1gA] Wel) 2 appheation
well for digested lgAl Middle trough anu happa
serum Upper and Jower troughs anti IgA serum  +
indicates anode
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Fig § The effect of addition of unlabelled fractions
ohaned from gel filraton of gonococcal protease
fgested IgAt myeloma protein on the binding of
nrad olabelled 1241 myeloma protein 10 type \f4 strep
fococet strain. 585 Abscissa indicates [racnon No
Ord nate uptake of radiolabelled 1gA 1 myeloma protein
m % of 2§ pg added Unhroken fine indicates fractions
prenpiated by anu g4 serum Broken hae [fracuons
sreaipitated by anu kappa serum

rations were tested for their capacity to inhjhit the
binding of radiofabetfed TpAT to the streptococts
using 1-100 pg (200 W volumes) of the unlabelled
compounds (Fig 1) [ncreasing amounts of polyclo
nal TgA and IgA1 M d the

Test of the Capacity of IgA] Fragments to Inhbut the
Binding of IgA14 10 Type 4 Group A Streptococct

Digested 1gAl separated by gel filtraon 1gAL
myeloma protein 50 mg  was digested with
gonococeal protease Fig 2 shows an immunoelect
rophoresis of digested and undigested 1271 M
component tyolving antt IgA and ant kappa se
rum The digested IgA showed an anodal displace
ment of the precipitate obtained with antt 1gA a3
compared with undigested [gA while the precipitate
ghen by antkappa serum had moved shightty
cathodally The digesied protern was filtered on a
Sephadet G200 column and 500 pt of each fraction
was exarmned for capacity to minbit the binding of
radiolabelled monoclonal IgA! by type 4/595 (Fig
3) and $S241 Fracuons 41-71 precipitated with
ant 1gA serum in double diffusion 1n gel Fractions
45-51 and 69-89 precipuated with ant kappa
serum Only the fractions precipitated by anu 1gA
serum inhibited the hinding af radiolabelled 12A1 to
the two type 4 strans (Fig 3)

From the results of molecular weight determna
tions on calibrated Sephades G200 column
(performed by Dr 4 Grubb Malmo) 1 was
concluded that the fractions 53-67 were aggregated

uptake of IgAl on strains 595 and 85241 On the
other hand 1o mfbition was found on addston of
16! M component or commercial human 1gG
The uptake of ! STiahelled IgGl myeloma
Protein by the 8 freshly 1solated type M4 strans was
betueen 7 and 45 (mean 26) % of 2 5 pg added as
compared o an uptake of 11% shown by the M4
Teference stran There was 1o correlation hetween
uptake of 1gG1 and IgAl m the single stram

c while fractions 73-89 represented
Fab fragmems (Fig 3} The Fab and Fc fragments
were pooled separately A decrease i hinding of
radiolabelled IgA) myeloma protem to swraias 595
(Fig 1) and 58231 was found on addiion of
ncreasing amounts of Fc fragments wfle similar
amounts of Fab fragments had no effect

Digested IgAl separated by preparaton electrophn
resis The digested 1gA1 myeloma prorein $0 mg

TABLE U fnhuburson Stud o3 on b U piahe of Rad olabe i
led fed Mvdd ot Protan o Tape 4 Group & Sireps
{Strans 593 and $5°411L sing Fracts ns Obsagncd from Preparatny Elcireph resis of D gested fed ‘Il(lun;rl’: ’::.’.

Precipitated in double

diffusion 1n geb by
Feactian

Adduion of the fraction effect on

" vpiake of radilabetled fzA (in ¥ ) by
-
anu IgA sefum anti Kappa serum stram §§941 Stram 595
5 -
- 17
X - 73
- 7
- 75
i N + 16 73
+ 3
; M M 2 Ilg
.
: : : ; i
10 - : i
b - - 1 13
i - 16 73
- 17



was subjected to preparatory electrophoresis Al
fractons (200 i) that precipitated with ant IgA
nhibited as also the anodal fractions 8 and 9 (Table
1) which did not preciputate with ant; kappa serum
No inhubttion was obtained with fractton 5 which
preapitated with anti happa but not with anti [gA

DISCUSSION

~

w

Lancefield extracts of hemolytic streptococes Stram
speaificuty and activity Acta path microbig] scangd
Sect C 87 73-79 1979

Christensen P Grubb A Grubb R Samuclsson
G Schalen € & Svensson M L Dumonstratin
of the non identity butween the Feo receptor for
human IgG from group A streptococet type 15 and
M protein peptidoglycan and the group specif
carbohydrate Acta path microbiol scand Sect C
87 257-261 197%

Chnstensen P Johansson B G & Aromall G
{ of strep 1 with the Fe fraement of

Receptors for human IgA on group A str
were shown in 1975 by Chrstcnsen & Oxelus (5)
The IgA receptor of type 4 streptococer differed
from the 1gG receptor present on this streptococcal
type as shown in experiments with uptake on whole
bactena of radiolabelled :mmunoglobulins (5) and
with solubilized receptors (12) Group A streptococ
cat IgA receptors have affinity for both subclasses of
human IgA (10)

The present results demonstrated that all of 8
tested freshly 1solated type 4 group A streptococe
bound between 60 and 80% of radiolabelled [gA ]
M component 1n contrast to the reference strain
type M4 §5241 with an uptake of about 20% The
§S8241 strun had been subcultivated and kept for
sevecal years m the laboratory In mhibition
expeniments vsing polyclonal IgA and IgG as well
as IgA and IgG M components only IgA was found
1o bt the binding which tallies with earlier

results (5 10)

-

[

o

-

oo

©

18G Acta path mucrobiol scand Sect C §¢ 73~
76 1976
Christensen P & Ovelus + A Quantitanon of the
uptake of human [2G by some streptococa groups
A B Cand G Actapath microbiol scand Set B
82 475483 1974
Christensen £ & Oxelus ¥ 4\ reaction between
some streptococer and Iz \ myeloma proteins  \cta
path microbiol scand Sect C 83 184-188 1975
Havhieeh J Occurrence of Fe reacting factor macd
extracts of Streptococcus pogenes and 1ts relation
shup to M protein Expl Cell Biol 46 146-151
1978
Aromalf G A surface component in group 3 €
and G streptococc: with non immune reactivty for
immunoglobobn G J Immunol 117 1401-1406
1973
Lown O H Roschbrcuch N J Farr L A &
Randall R J. Protein measurement with the Foln
reagent J Brol Chem 793 265-275 1951
McConaher P J & Divonn £ % method of trace
of proteins for fogic studies Int

Gonococer were able to digest lonal IgA1l
which confirms the findings by Plaur et al (11} The
electrophoretic fractions contamning IgA Fe frag
ments strongly inhibited the uptake of undigested
radiolabelled IgA n the two type 4 strains tested
while the fractions contaimng Fab bmt not Fe
fragments were non inhibitory Sinular results were
obtamed using fractions from gel filtration expert
ments of digested [gA myeloma proten Thus the
data clearly demonstrated that IgA interacts with
the streptococeal receptor via the Fe fragment
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IMMUNOGLOBULINS AND ALBUMIN IN SPUTUM FROM
PATIENTS WITH CYSTIC FIBROSIS

A Study of Protein Stabihyy and Presence of Proteases

P O SCHIOTZ [ CLEMMENSEN and N HOIBY

The Pacdiatric Ciime TG The Universiy Chnc for Infectious Diseases and Sutens Serumnstitut
Department of Climcal fer C The D of Clnical

Chemustry and Statens Serumunstitut  Departmemt of Chnical Microbiology Hwidovre Hospital
Copenhagen Deamark

Schoz P O Cl

1 & Hoby N and albumin 1n sputum from patients
with cystic fibrosss A study of stability and presence of proteases Acta path microbiol scand
C 88 275-130 1980

Sputum sol phase from seventeen cystic fibrosis (CF) pavents chromwcally infected 1n the lungs with
mucod Pseudomonas aerugimosa and presenuing muluple precipiins tn serum zgainst this bacterium
(CF+P) and 11 CF pavents without P aerug nosa infection {CF P) were exammed for proteolyuc
acuvity 1n a fibnin plate assay The proteolytic acuvily was significantly higher (p < 002) 1n sputum
from CF + P pagems than s sputum from CF pauents This difference was only quanivatwne since
sputum sol phase from both groups degraded fibrinogen 1o non preaipizble material The proteolytic
degradaton of 1gG 1gA secretory I2A and albumin in the sputem sol phases Was imvestigated by
means of gel filtrauon and the stabilny of these proteins dunng varnious sworage conditions was
examined Degradation of 1gG TgA secretory JgA and albumun in the sputa was not demonstrable and
the proteins were stable for at least 4 weeks at 4 °C

Key words Cysuc fibrosss sputum proteolysis antibodies

P O Schiatz Pacdiatric Depantment TG Rigshospitalet Tagensve 13 DK 2200 Copenhagen N
Denmark
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Immunoelectrophoretic methods pi
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Quon of different plasma proteins (24) By these
methods it s also possible to quanutate protews 1
inflammatory exudates {3) However these meth
ods with the excepuion of crossed immunoelectro
Phoresis give no Informauon as 1o whether the
proteins are degraded of not This 15 smportant
especially when studying inflammatory exudages
with the presence of enzymes derved from both (he
mnflammatory cells and bactera

Crossed 1mmunoslectrophoresss

—

however 15

.

ubnintogen) degradavion products (4 6 16) o
We have investigated the Proteolyuc actvity 1n
sputum from cystc fibrosis (CF) Ppatients and ns
effect on fibrinogen and the mmunoglobulins JgG
and IgA responsible for the antibacterial antibodses
measyred m our previous studies 19 21 29
Albumn was included n the study a5 a sputum/
serum albumin ratio has been used (o measure
transsudavon of serum Proteins to sputum (20) ¢



MATERIAL AND METHODS

FPatients

Twenty eight CF patients were ncluded 1n the study
(15 females and {3 mafes median age 14 years range 8-
25) All pattents had a typical history of CF and
markedly elevated sweat electrolytes in repeated tests (7)
;Il;l;e patients have been followed as previously described

1) One group consisted of 17 CF pattents (8 males and
9 females median age 13 years range 8-25) suffering
from chronic snfection with mucoid strasns of Pseudomo
nas aertiginosa (CF + P) and exhibiting more than 10
different precipitins 1 serum agamnst water soluble
antigens from these bacteria (10)

{ur} The other group consisted of 11 CF patients (five
males six females medran age 15 years range 11~22)
without Psendomonas acruginosa fung infection (CF-P)
and without serum precipttns aganst Pseudomonas
acruginosa antigens [n seven of the CT' P patients Sta
phy lococeus aurcus Hamophilus influen~ae or Escherd
chia colt were 1solated from the resprratory tract during
(his study

Sputum

A 3 h sputum sample was collected between 8 am
and 11 am from cach patient at 4 °C (to mnimize
proteolyuc activity} as previously described (19) Each
sample was subjected to bacteriological exammanon and
the ongin of the specimens from the lower respiratory
tract was confirmed by studymg the epithehial cells

' “

Crossed Imntinoelectrophorests
This was performed as previously described (4)

Esumanon of Proteoh ic Actn 1ty 10 Spussum Sof Phase

This was done on both plasminogen rich and
plasminogen poor fibrin plates as described by Brakman
& Astrup (1)

Alquots of 5 ub sputum sol phase or saline as
control were incubated on the fibrin plate at 37 °C for
17 h The area of the lyzed zones ss a measure of the
proteolytic activity  Thes was arburarily expressed as the
product 1 square mihimeters of two perpendicular
diameters Al samples were tested i dupliate and the
average values were used as an arbytrary expression of

prateolytic activity

Degradanon of Fibrinoscn by Sputum Sol Phase

200 pl human fibrinogen (4 4 pmol/1y 1n Tns HCl
005M + 0t MNaClpH 7 4 or 50 pl plasma (contain
g 16 pmo! fibrinogen) was incubated with 200 pb
sputum sol phase at 37°C From the incubated material
10 pl samples were taken at different ime intervals and
tested wt crossed ymmuneglectrophoresis against anti

fibrinogen immunoglobulm (4

Get Filtranon

Gel filtration was performed on Ultroge! AcA 34

columns (LKB Stockholm Sweden) equilibrated and
subscquently eluted with phosphate buffered salne (PBS)
01 Mat4°C A constant upward Now was used and
eluted protemn fractsons were characterized by thar
partiyon coeflicient hav = (Ve-Vol/(Vr-Vo} where \
1s the elution volume of the protein fraction Vj 15 the
void volume and Vy1s the total volume of the gel bed

Three different sputum sol phases with high protealy
tc activity were examined Albumin IgG IgA and
secretory IgA were 1nvestigated for degradation by
determuming the kv value for each cluted protein and
comparing it with the value obtaned by gel filtration of
the corresponding sera

Quantiation of Protein

Albumin IgG IgA and secretory IgA concentrations
were determned by rocker immunoclectrophoresis (26)
The secretory [gA used as standard was 1solated from
human colostrum {23) The anusera were from Dako
patts Copenhagen cxcept anti IgA which was from
Behring Werke Marburg West Germany The analyy
cal vanation for protein determinations on sputum sol
phase was calculated for each proten using the formulz

sD = ]/_‘5’.1

2n

where £ dZ 15 the sum of the squared differences of
double determinations of samples and n is the number of
determinations (26) For each protein a totat of 10 double
determinations performed on different days and cove
ring the actual concentration range were performed The
analytical coefficients of variation were for albumuin 6%
18G 6% IgA 10% and secretory IgA 8%

Estimation of Stabilis of Protewns during Storage
The protetn stabthty 1n thre¢ sputum soj phases with
i

¥
IgA 3t day zero and agamn after | 2 4 and 8 weeks
Glycoproten
The 50l phase of mucus secretions 15 known to contain
glycop (5 18) For of g
n A {Con A)

from sputum sol phase a Concanaval
{Pharmacia) solution (2 4 g %) was mixed with sol phase
(L1} ncubated for 30 min at 20°C and the samples
were d 1 rocket “Wwithout
antibodies 10 the agarose gel As one glycoprotein in the
sal phase formed nonimmung precipates vocket
tmmunoclectrophoresis the elution volume for the

{sec gel could be d and

glycor
the Kay value determined

RESULTS

Fibrinogen or Fibrinogen Degradation Products in

Sputtm Sol Phase
No fibrinogen antigetic matersal was fouad 1

sputum sol phase exther by crossed immunoclectro
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Fig 1 Pauern of immunoprecipitates obamed by
crossed smmunoelectrophoresis at pH 8 6 of human
fibrinogen incubated with sputum sol phase at 37 “C for
differen periods of ime The second dimension. electro-
phoresis (anode at top) was run Into agarose gel
containing antibody to fitnnogea (A B C D & EY The
material applied in the shit 1n the first dimension electro-
phoresis (anode to the nght) was human fibrinogen
sncubated with buffer for 24 h (A) and with sputym sot
phase for § min (B) 3h(C) 6 b (D) and 24 h(E)

phoresis or by quanutative rocket 1mmunoelectro-
phoresis

Proteoly tic Actn ity tn Sputum Sol Phase as
Estmated on Fibrn Plates

Al sputim samples except one were found 1o
degrade fibrin but the proteolytic activity differed 1n
the two groups of pauents In sputum sol phase
from CF + P patienis n was on an average 127 artb
unas/Sul (range 289-49) and this was sigmificantly

o oL v -

W oohar fa & A

results on plasmnogen rich and plasminogen poor
fibrin plates were 1dentical

Incubarion of Fibrinogen wuth Sputum Sot Phase

Not only fibria but also fibrisogen was depraded
by sputum sol phase (Fig 1) The degradauion of
fibninogen was rapid as demonstrated by crossed
wmmunoelectrophoress {F1ig 1B) Dufferent fibrino-
gen degradation products were seen after various
ume of incubayon (Fig 1C-D) and afier 24 h
incubation virtually all fibrinogen was degraded to
non prectpitable materal (Fig |E)

Incubation of normal plasma with a final
concentration of fibrinogen as 1 Fig | wuh
sputum sof phase Caused o detectable fibrinogen
degradation (Fig 2 A-D)

Gel Fultraton of Sputum and Serum

e three sputum sol phases used for gel
fitration had a proteolyuc activity of 169 144 and
121 arb unis tespectvely The Kav values
calculated for alburmin IgA and IgG were slentical
for the three sputum sof phases and to the values
obtained by gel filtration of serum (Table 1) The
elution profile of the brotems was symmesrical
indicating a homogenous protemn Crossed mmuno-
electrophores:s of sputum sol phase also mticated
;1:: :‘;:mw 1¢G IgA and secretory IgA were not
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Fig 2 Pattern ol tmmunoprecipitates obtained by crossed immunoclectrophorests at pH 8 6 of normal human plasma
sncubated with sputum sol phase at 37 °C for dilferent periods of time The second dimension electrophorests (anode
at top} was Tun into agarose gel contaning antibody (o fibrinogen {A, B and C) The material applied 1n the shy 10 the
ficst deareasion eféctrophoresss (anode 1o the night) was plasma incubated With sputum sot phase for Oh 6hand 24 %

(A, B and C)

Stabiluy of Albunun, IgG, IgA and Secretory Igd in
Sputum

The stability of the four proterns mn three sputum
sol phases with high protealytc activity 1¢ 289,
225 and 196 arb umits respectively, was examined
by rocket immunoclectrophoresis The four proteins
were all stable duning storage at —20 °C as well as —
80 °C for at least 2 months (Fig 3) IgG was stable
for one month at 4 °C, the other proteins for at Jeast
two months, whereas all the proteins were unstable
21 room temperature

Non-Specific Preaipuate in Agarose Caused by a
Glycoprotern i Sputunt

Sputum sol phase contains a glycoprotein, which
migrates slightly anodically at pH 8 6 and forms a
small precipitate inside the tmmune precipitate (Fig
4} The glycoprotemn precipitate 1s formed also 1n
agarose gels devoid of anttbodies The precipitate 1s
stained by the periodic-actd-SciT reaction {polysac-
charides) as well as by Coomassie Brilltant Blue
(protems] {t s not remaved w the routne washing
procedure, used 1o remove non-precipitated prate-
s, but it can be removed by binding to Con-A

(fig 4}

TABLE | Avcrage A g batues for Albumia IsG and IgA

In Sputum Sol Phase and Sceum from 3 Pasienss with

Cyshe Fibrowis Secreton {gd and Glycapratant vas anly
Anabscd in the Sputa

kav-values
Serum Sputum sol phase
—
064 064
bumin
f\glc, 048 044
1A ¢ 40 040
Sccretory-IgA - g é‘;
Glycoproten -

278

DISCUSSION

Bronchial lavage as well as expectorated sputum has
been used 1n 1mmunochemical analyses of proteins
from bronchial secretions (2, 12, 14, 17) However,
to our knowledge, 1t has never been investigated
whether the proteolytic activity, often present
bronchial secretions {13), has partially degraded the
proteins and thus invalidated the tesults

The present study shows that chrome Fscudono+

ALBUMIN | 196

STORED
1DAYS)

( Tgh  [SECRETORY
194

56 50 _l
o

[

Fig 3 Albupun 18G igA and secretory-IgA concentea
(ofis measured by rocket fmmunoelectrophoresis in
sputum sol phase stored for 8 weeks at different
temperatures The concentrations ace average valves
from 3 sputum sol phase samples with high protealytic
acuvity They are expressed i % of the average
concentration atday 0 The = 25D of analysis on double
determnations are Indicated wih horzontal bats
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Fz 4 A Demonstration of glycoproten preciputate 11
foutine albumm determination 1n sputum sol phase by
Tocket immunoelectrophoresis Wells 1-8 from nght 1~
4 dduvons of standard serum 1 1200 1600 1400
1300 5) control serum diluted 1 600 67 sputum sol
Phase dloted 19 and 119 §) sputum sol phase after
ahsorpuon with Con A dilution 1 19
Antibody Rabbit antihuman alburmsn

1A or secretory IgA to a measurable degree in vivo
as esimated from their Kav values To avoid n
vitro degradation of the protemns duning collection
the patients should expectorate in a thermobox
placed at 4 °C as suggested by Lopez Vidriero et al
(14) Sputum samples examined within four weeks
can be stored at 4 °C without detectable degrada
tion Only the stablity of albumin IgG IgA and
secretory IgA has been measured Examination of
more labile proteins (Itke complement components)
undoubtedly requires freezing during storage

The glycoprotemn demonstrated in the sputum
sol phase has a molecular weight around 60 000
calculated from its ha value The molwt s
staining properties and the absorption experiments
with Con A indicates that 1t 15 a glycoprotein It
probably reacts non specifically with agarose 1n a
similar manner as does Con A with a D-glucopyra
noside restdues

Radial and similar
have been used 1n the determmation of protemn
concentrations m sputum sol phase (25) and this can
lead to musinterpretations because the above

009 yi/en? gel area

B Wells (-2 from night same as A7 and 8 No
nbody 1n the gel

s derugmnosa lung infection 1n CF patients 1s
assocated with a tugh degree of proteolytic acuvity
18 sputum This 15 probably an expression of the
severe mflammation which takes place 1n the lungs
18 CF +P patients and 15 11 accordance with the
Por prognosis for CF patients with chromc
Pseudomonas aeruginosa lung infection (11)

The Proteolyuc enzymes in sputum not only

rade fibnin but also fibrinogen (Fig 1) The
egradation of fibran by sputum to non precipitable
Pebudes 13 more extenstve than could be abtained by
the fibrnotyuc enzyme plastun (4) This 15
#2teement with results obtained by tryptic degrada
ton of fibrinogen (15) Fibrinfogen) degradation
Products are ofte found 1n inflammatory exudates
204 their presence can likely be ascribed to the
2uvity of enzymes released from nflammatory
lis{4) Whether the enzymes 1n sputum primanily
Ofigmate from bacteral or inflammatory cells
femams 10 be elucidated Also the content of
Ptotease infibitors especially the »low molecular
*¢1ght bronchial protease inhibitor« desertbed by
HRochstrasser et al (8) remains 1o be determined 1n
CF patems

The high proteolytic actvity found 1n the sputum
sol phase from CF patients and notably CF+ p
Patients does however not degrade albumin 1.G

forms a around
the central well 1n the agarose gel This problem can
be avorded by use of control plates without
antibodies mn the gel which will revea! the non
specific nature of the preciputates and by electrotm
as the of the 5
different from 1mmune specific precipitates (19 22)
In conclusion thus study shows that sputum sol
phase 1s suitable for examinauon of albumn 1eG
1gA and secretory IgA with immunoelectrophoretic
methods 1f the samples are collected stored and
analysed as described above

_—
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Nineteen unrelated patients with hereditary atavia herediary spastic paﬂ:f’lma,, and Charcot Mane
Tooth's syndrome were for 1 71170

%ith PHA con A PWM anugens determination of T and B lymphosytes and HLA typng) When

compared with normal controls no significant deviation was found

hey words Herednary neurologic disorders ataua HLA immunologscal parameters

L Pedersen aldelmg k

Oster F:

Denmark
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Herediary atavia (HA) is a group of progressive
0d disabling disorders due to degeneration yn
%rebellum  bramnstem  postersor columns of the
*Pinal cord and the spinocerehellar tracts They have
Cnical resemblance to and can present differentsal
dagnostic problems to other degeneranve or demye
iing disorders such as Creutefelt Yakobs (CID)
2avia teleangrectasia (AT) and muluple sclerosis
385y Although all the latter diseases may show
familia) clustering they rarely present the patterns
of snhertance which are characterssuc for HA

Genetic factors within the HLA System  espect
W) D2 have firmly been demonsirated to
increase the suscepubility to M5 (12) and recently
dackson et af (11) found 1 one farge family thay
HA was peneucally linked to the HLA system
Linkage 10 JILA could however not be confirmed
M Masnauc et at 20 We have therefore
elamined several famihes with different forms of
HA mordr to tigate whether

de 5 D 1399 hahenhavn k

parameters or the HLA system could help
elucidate the pathogenesis or provide genetic mar
kers i these disorders In this Paper we report the
tmmunological results and HLA ty pes on unrelated

propositt detailed pedigrees and linkage studies will
he reported efsewhere

MATERIALS A\D METHODS

Panenis Marcrial

Proposit were collected among
hospial admussions for hereditary awania hereditary
Spastic paraplegia (HSP) and Chascot Marse Toots
(CMD in the easiern pare of Denarack 13 myy
haIBOL) and i the period 1961-1975 They pe
s with these dragnoses (H A) 1 thys
drea Rewlts of the eptemialostcal curvey oyt o

AN pauents i qhe material were
03
examined and the clini

cal di2grosts established before the

Edensne family husionies

ncluding
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TABLE 2 HLA ABC pheman pes and Gemotspes for 19 Patns wirh Hereditan Atavia

Diagnosrs Phenotype Genotype
@ i:f‘é;?a HLA AL BS/AL B14
A1 2BS 17 HLA A1 B17/A2 BS
AT 11 BS7 HLA A1l BS/AI B7
A2-BI227C2 HLA A2 B12/A2 B27C2
A19B844CY
FA A3-B727C2
5 CY
:;3321“ HLA A2 B5C2/A3 B7
A12B8 12 HLA A2 B12/A1 BB
B740C2
= ;fl-lms HLA Al B8/AI BT
A226B12 - HLA A26 BI2/A2 B12
A128B8 50 HLA A1 B8/A2 BSO
A23BI535C3 4
S 1288 40C2 HLA A1 B8/A2B40C2
o ﬁu 328721C2 HLA A2 BT/A32 B27 C2
A29B7 14
A3 9BI6 39

For 8 patenss enotypes are not given due to lack of family at tme of invesugaton

e whilk homogeneity of varances was tested hy
Ut Boy Fvalue For comparisons buween HA
Pawents and controls Lest was used

RESULTS

HLA ABC phenotypes and genotypes for each

Pauent are seen 1n Table 2

HLA typing of the 19 proposiiies vevealed no

Stking deviaton (Table 3) and after correction for
[y

ha

Lymphocyte transformauon tests (Table 4) did
% show any sigmficant deviation from the
Qntrols exther with mitogens or with antigens
PHA and con A was used 10 3 different concentra
uons Only the optimum vatue 15 gven n Table 4

t the other concentrauons gave also normal
salues

Determmauon of 1ymphocyte subpopulauons
{Table $) show ed a slight but significant decrezee of
EAC rosetting tymphocytes when compared to the
Sandard control panel which was collected durg
4 on¢ year period When however only controls
Investigated 1n the same 2 months July and Augus

25 the patient groups were considered no signfi
cant differences were seen
e oooe

DISCussION

The clhinteal distinction between MS and single cases
of H4 has always been difficult (1 8 10) apa
among aur 19 pauents 4 were breviously classified
as having MS Ther diagnosis was changed when jy
was realized that they were members of confirmed
HA families

That 20 per cent of our
belonging to famulies with HA
as MS-cases

patents  although
had heen diagnosed

OBKCal 11 v 1170 tests showed that the general

1S nare

v ) ¢ Sy wWhen compared with (he
whole control group but only 2 shghy difference



sarehes wa chuechi and birth registries wore made on all
Tamilses

Ay authors have desenbed subgroups wath vanouy
sponyms watten HA Al ace based anly on cinkal or
patho anaemnal descripuons of a <mgle fanaly The
distinction hetween the following diagnoses Heredtary
spasuc ataxia {Sanger Brown)  spino ponun atrophy
{Baller Scgacral ohvo cerehelfar atrophy (Holmes) and
olyo panto cerehellar atrophy (Menzel) s difficalt on
chimcal grounds The omet octurs 1n the same decades
and the transmission is nearly always dopunant (5 6 7)
For vse m thes study we have theeefore geouped the small
enties as one caltud cerebellar atvar (C\) Howesur
cases of Friedrech ataxty {F\) were consdend a
aepartte ety chartctenized by onset of discase bufore
the third decade recessive iransmiswon and symptoms
from the brasasiem aad posierior columns

HSP and CMT are rather disunct disorders closely
connevied 1o HA

Thus we have 4 reasonably distineushable groups of
paticats C\ Ty HSP and CMT for which the chmal
darr appear in Tahk 1

Inmncd gal Mot s

HL 4 wypms for the B A ABC anugens was perfor
mud by the miere lymphocytotoxi, method as described
by Arssmorer Micdsen & Anrbye (13)

Esttmation of Iy mphocyte subpopulation and Iy mpho
oyt tramvformation has previously heen described
detast {17} {n brief Periptieral blood was drawn w equal
volunie of medium RPMI 1640 with 15 1e Hepnn/ml
For E and AC rosettng the blood medium mixture
was incubated with catbomyl on for 30 nm a1 37 °C
ron and phacocyling ey were rumoved with a strong
magnet For T rosqung  lymphocytes were incubited
with sheep red blhod ccdls (SRRC) for 30 mm at 37 °C
followed by overmight mcubgtion ag 4 °C E AC roseting
(ymphocytey, were determitned With human hlood group
A erythrocytes conated With rabbu antt A and mouse
complement Both E and FAC rosutes were gemly re
suvpendid and counmted 1 o hemeSy oML ToNeTes

were defined as hmphocytes wih 3 or mate rd el
attached  Afl tests were performed n dupl cat,

Surfac. membrane wmmunaglabulin (Smiz) was
derermned with a FITC conjusited rabhy any human
immunoglobulin (Dakopais codu no 1009) The flvore
seent lymphacytes were retd and counted m a Low
Orthoplan microscope Phagecyting cells were iden ified
by Latex meubation hut pat counted

tymphacyte transformation was performed as pee
viously deseribed 117) Mononudar oclls were tsofated
on Lymphoprep washed 1n mediwm and wt up i
triphicate cultures w e tuhes Each wbe contaned
105 celly an 05 ml of culture medium e nvisung of
RPN 1640 supplument wath 25 mA Hepes elmamine
anthotics and 15 per cent proled serum from randm
non transfusid male blood donars The alls were
<ultared a8 37 °C in 2 humdhifind aimesphure conmmag
5 per cunt COz and the cultures Were harvested after 96 h
{nutogen sumulated culres) or 120 h lanteen
stimdated colwres) Twemy four hours before teromng
uon of cutture 005 pCt WC thydine was added to
each culture The cells were harvested hy a Shatron semt
antomatic harvester on glass fibre filters and washed
with disulled watee The filters Wwere counced 10 yials
contmming 25 ml of Iosagd w2 Budman houd
scinublation councer  The mifogens employed were
Phytohacmagglutinin (PH A P Difco) ~ hinal diluon
1600 concavathn fcon A) ~1 20 pohewecd mitoee?t
PRAL Gibeod —f 500 The wtieens were Punfd
protern derivative (PPD) without chinesal {Siate Serum
Institute Copenhagen) — proten concentration | pe/oid
Canfifa alfscans protun  concenraton 2 mg/n!
Lscherichg ¢ frand § s bences aurens —theat hted
orgamsms  propand by Dr Alaws Jowet) - 108
argansmis/mi

Stansucal Mcthods

To oblaim zaussian distrehution square Toot transHr
matton was appled ) hymphoeyie teansformanon
countmas Mean values for the 4 dnease groups (CA
F\ HSP CMT) were compared by one way analyss of

TABLE | Chcal Dya on ¥9 Unrdated Par emrs wah Hered 1on Aawas

Median ace of onset

Median duration of disease sn years

N {range) {range)
& 34

Ca b (a1 23 (24 49
2t t6

FA 4 Q6 45 ta 23
2 27

HSP S Q39 (22 36)
39 7

CMT 4 Q2 4 23

€A Cerebellar ataxia
FA  Friedrechs axa

HSP  Hereduary spastic paraplegia
CMT Charcot Mare Tooth s discase



TABLE 5 Lymphaoyte Subpopultations In Pat cnus with HA and hormal Indoiduals

Total lym
Per cent Per cent Per cent N N
N Erowss  FAC roetis Smig Phocytes 1101
15311 1 2212022
19 512217 872206
?A‘nuolsl 61 607211 133 205 I”ig;. 49 239012
Conrols It 7 s6Rx 201 109 07  140=

Man values + one standard error of mean

tion of HA panents

Control group | Reference group 1nvestigated prior 1o 1nsesugas

Control group 11 Normal individuals investgated during the same 2 months as the HA patients
N

< 9% when compared 1o control 1
1's when compared to control Tl
™ sumber of individuals invesugated

must therefore aw ait combrnation with other series

We have not been able to confirm the report of
Vee ef af (16) who suggested an association
itueen HLA Bw35 Cwd Dwland FA Only one
ol 4 patents wath FA was HLA Bw35 posive

As seen 1 Table | our matersat comprised small
£F0Ups. but as no deviation was found between the
siugle groups of CA FA HSP and CMT we
201 dered them as one group These groups are not
dincally clearly disunguishable Many reported
Emides show Ereat variation both in phenotype and
Fatho-anatomically including both cases of typical
HA and cases resembling HSP or CMT (3 14 18)

e anthoponlos & Smth (13) claimed a connec
tion between many hereditary degenerative disor
¢ers forming a continuum ncluding Mb Alzhey
mer Creutzfelt Jakobs discase (CID)and amyotrop
1 latera) scterosys (ALS) in the familsal form 1t 18
mierestng that CJD now known as a transmssible
disease (2 4) has appeared i multiple generations
With an autosomal dommant mhertance pattern
Yeading 1 suspicion of a geneuc deficiency deter
g the susceptbility 10 a Yatent virus (9)

Inthis a certain
et een genetics mmunology and disease suscept
bty seems probable but we have not been able 1o
demonstrate any immunodeficiency m this small
aumber of patients with HA

Sull a geneuc suscepubility might be related to
the hlslocompahhlluy complex and the possible
genietic hinkage between the HLA-complex znd HA
S bowng investgated Turther Prehiminary results
bave nat given evidence of any strong Tinkage

Thsstudy was aided by grants from Warwara £ arsen 5
Foundar on the Dan sh Muti pl Schros s S en and the
¥ dcar Rescarch € unc t
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TABLE 3 HLA Antigen Frequencies in Unrelated Patiemts with Hereditary Ataxia and i the Damsh Population

ANTIGENS Hereditary ataxia N = 19 Controls N = 1967
per cent positive per cent positive

HLA-A| 526 3

HLA-A2 579 536

HLA-A3 263 269

HLA-A9 21 173

HLA-A10 53 96

HLA-ALL 105 101

Hia A19 53 181

HLA-BS 158 106

HLA-B? 421 268 )
HLA-B8 421 237

HLA-B12 263 252

HLA BI3 0 43 )
HLA-B14 105 45

HLA-BIS [ 71

HLA-B27 158 86

HLA-Bwl$ 53 179

HLA-Bw16 53 54 .
HLA Bw17 53 1

HLA Bw2! 53 35

HLA Bw22 0 38

HLA-Bw35 105 131

HLA Bw37 0 21

HLA Bwd0 105 179

HLA Cwl 0 37

HLA Cw2 36 97

HLA Cw3 53 30 :
HLA Cwid 158 71

when compared to controls mvesugated in the same
period This difference may he due to technical
variation 1n performance of the test but perhaps
more likely due to scasonal variation 1n EAC
rosetting lymphocytes 1 normals and iliustrates
the importance of simultancous contrals

TABLE 4 Limphocvic Transfemation w th

HA
N - 19

In this study although the numbers are small no
sigmificant deviations of HLA frequencies Were
seen HLA typing of unrelated patients W 1th HA has
t0 our hnow ledge not previously been reported nor
regrstered n the HLA and Disease Regstry (19

A defimte answer of HLA association with HA

M gens and Antisens

Control
N ~ 150

35588 = 1299

32833 = 2060

" aoa = s s 12
con A 120 15575 £ 700 18728 = 115
PPD 10 . ! 7043 + 1069 o7is » 458
Camd alt cans 2505 = 388 075 = 178
Jes7 = 299 3300+ 1
f/unll: anrcis 16 = s I
cols

o standard error of mean

n valucs 10 cmp & 0N
e v concntrations ol

Only results obtained with opumal

284

f PHA and con A are ghen
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ENCEPHALITIS INDUCED IN RABBITS
BY STAPHYLOCOCCAL LIPOTEICHOIC ACID

PER AASIORD HARALD NYLAND and SYERRE MORK

The Gade Insutute Depactments of Microbiology and Pathology and the Broegelmann Research
Laboratory for Microbiofogy University of Bergen Bergen Norway

Aayord P Nyland H & Mork S Encephalitis mduced in rabbits by staphylococeal hpoteichose acid

Acapath microbiol scand Sect € 88 787-791

Rabbuts were with !

1980

atid (LTA) m Freund s adjuvant After four

mjections (s1x weeks) the rabbis showed decreased acuvity and unsteadiness of the head Two weeks
after the sixth myection {ien weeks) two of five rabbus developed chmcal signs of encephabiis with
DY4agMUS atatia genera} weakness decreased activity and dragging of the hind legs The other three

ammals showed only mild symptoms

show.

y mfitrates

conia ming small lymphocytes and some plasma cells n the leptomennges and within the persvascular

spaces of the bran
Key words Lipoterchorc acid encephatitss

Per Aasjord Afikrobiolopisk avdeling MFH bygget

Recesed Tv80  Accepred 2 v1 80

Experimental allergic encephalomyelitis (EAE) 15
n mflammatory condition of the central nervous
System {CNS) which can be mduced m amimals by
Sensitgation with CNS tssue (1) The encephatia
&enic property resides n the myehn basic protein
{VBP) and severat encephalitogenic determinants
have been defined (17) Dafferences 1n antigemc
@mposition type of adjuvant mode of antigen
wmimstration and ammal species and Strains
2count for the differences in the chinwal mamfesta
tions of EAE warying from hyperacute to chrome
disease (1 15) The histopathological lesions consist
of perwvascutar inflammatory wfiltrates and demye
lination (14) EAE has been used as a model systern
for an avtormmune type of demyelmation (1)

The immunogenic properies of staphylacoccal
lipoteichorc acid (LTA} were described in an earlier
B0 1YY Th vanee doen oo & 3
1
Lowan | [he posuble sigmficance of this observa
ton i relavon to muluple scletosis (MS) 3

p—

N 5016 Haukeland sykehus Norway

MATERIALS AND METHODS
Strain and Growth
< » <
1y

P R I

previously described (20}

Antigen Preparations

LTA was prepared according 1o the method of Coley
et al (3 with minos modifications Bacteria were
suspended 1n water (2 ml per g of bactersa) and muxed
with an equal volume of 90 per cent phenol The
Suspension was ncubated during vibration (Vibrio
Mrscher type | Bopp & Reuter BRD) for 30 mun a1

65°C cooled on 1z and
200005 1 e % A0d centnfuged (S mun a

altlsunium acetate pH 69
aude as eluste The com
esumated tn (20)
Prolen A ang
described in {6) ang

veom
contaning 002 per ceny
pasition of LTA was ag

peptidoglycan  wery

e prepared as
(9) respecuvety
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Adm mstration of Antieen

Five New Zealand W he rabbits of the jnstitute s own
breed were used as test ammals A meewre of LTA n
©5 m nowme sahne and 05 ml Freunds complete
adjuvant (Difuo Laboratories Detrott Mich USA) was
yected intramuscularly info the und leg The following
ectons were a3 mixtwre of LTA and Freunds
complete adjuvant (Difeo) Each dose comtained 2 mg
of anugen and the mjections were grven at mtervals of
o meeks Each rabbut recenved a total of 12'mg

Two non smmunized rabbus matched 16 age with the
eienmental ammals one fabby immumzed wih
protein A and one with peptidoglycan m adjuvant served
s conrols.

Seurological Obsenations

The ammals were studied datly for possible neurologs
@l signs Two weeks after the susth tmjection the rabbits
which showed symptoms of encephalius were killed

Sevropath logical Examination

The brain and spinal cord were removed and fixed 1n
& per cent formaldehyde for seven days For light
microscopy coronal secuons (12 wm) of the brain and
sp nal cord from paraffin embedded blocks were prepa
red on a Model Ha 40 Microtome {Young AG
Heidelberg BRD) and stained with hematoxylin (E
Merck AG Darmstadt 8RO} and eosn (Difeo West
Molefey UK) followed by cresyl violet (\erck) and
Tovol fast blue (Pfaliz & Bauer fnc Flushing N Y
LA} The control rablbus were dissected and exatmined
10 the same way as the LTA imjected amimals

Brain ussue from one autopsy case of acute MS was
Prepared as above and examined histologically

Ant sera and Serological Tests

Antserz 10 LTA were produced m rabbits as
described for adminsstrauon of anugen Anu protemn A
and anu pepudoglycan were prepared as described w (T)
ne (10) respecuvely

All sera and antigens were examined against each
other by the double diffusion i agar test {3)

RESULTS
The double diffusion in agar test showed that the
LTA used n the did not

atauz general weakness and dragging of the hind
legs The other three rabbus showed only mid
symptoms after the sixth 1njecuon with decreased
actvity and general weakness but without any
definste neusological signs

The braint and spinal cord were macroscopically
normal Coronal sections of the brain showed
patchy mononuclear inflamematory reactions 11 the
leptomentnges {Fig 12) wnh evension along the
Virchow Robin space to the persvascular spaces of
the neural parenchyma (Fig 1b) manly 1 the
cortex Small lymphocytes and plasma cells were
the predominant cell types 1n the mfiltrates No
spinal cord lesions were observed and no direct
evidence for demyelination could be obtained In the
acute MS pramn the mfammatory lesions showed
stmilarities with those found wn the rabbu brains
(Fig 1c) but demyelinauon was promenent Neuher
the untreated rabbits mor the rabbits which had
received other antigens w1 Freunds adjuvant
showed any inflammatory reacuions

DISCUSSION

This Teport gives chmcal and neuropathological
evidence for the development of a memungoencepha
Lis 1 rabbuts immunized with staphylocoseal LTA
In two of the five aumals the chmcal symptoms
were stmilar to those of EAE (1) The other three
showed only minor cimeal signs EAE commonly
develops within one to four weeks after a single
iyjection of MBP 1n complete Freund s adjmvam (1
14) Our ammals showed a different course with
a)delayed appearance of symptoms bla gradual
worsening related to repeated mjections of the
anugen c) periodical fluctuation of the symptoms
with exagerbation of symptoms two to four days
after every renewed admimstration of antigen
followng the fourth myection The neuropathologt
cal changes included inflammatory reactions in the
leptomeninges and the penivascular spaces arnund
the vessels m he neural parenchyma which 15

Produce precipitation hines with protein A or with
Peptdoglycan from S aureus The anti LTA
2ntibody utres in the rabbrt sera varied from 640 to
2560 21

Two days alter the fourth 1njecuon (six weeks)
o of the rabbits showed munor clinical symptoms
With decreased motor activity and unsteadiness of
the head wuth siow turming movements The
Symptoms gradually disappeared after ane week
but returned 1w o days after the fifth injection (exght
Recks) Addwsonal symptoms then appeared after

the iixrh 1niacrian fian sk ed inchiding mecimnas,

us

tent with EAE (14) No evidence was
however obtaned for presence of sleeve hike
demyelination which s found 1 EAE,

1t has been reported that nflammatory lestons

w ek Aae

wania LY the
Pears to be a non
yed hypersensumly

ammals bram This effect ap)
specific consequence of a dela;



Fg | Light mcroscopy of coronal sect ons of rabbt
and human braos 2) Mononuckear nfitrates in the
leptomen nges from a LTA imjected rabbnt 250 ¢
b) Extens on of mononuclear 1nfltrates along a pa
vessel extend ng from the lepromemnges into the bra n
from the same antmat 250 x ¢) A small venule in the
wh te matter from a human MS brain surrounded by
mononuclear nfltrates 250 x
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do not produce signs of EAE (16) Recently EAE
like conditions have been nduced 1n amimals by
immunization with extracts from human bronchial
carcinoma (5) and glioma (18) which did not contain
MBP

In our laboratory neurological signs have never
been observed 1n rabbits afier immunization with
several other staphylococcal antigens 1n Freund
dyuvant (complete and inc ! for pl
protein A peptidoglycan and other less well defined
substances LTA from other Gram positive bacteria
may also induce encephaliis LTA from Streprococ
cus mutans has been shown to produce an intense
inflammatory reaction when 1njected Into the
periodontal tissue of rats (2) Ne eman & Gmsburg
(11) have induced arthritis n rabbuts after immum
zatton with streptococcal LTA and subsequent
administration of the antigen into the jomnt
Recently a nephritis were induced in amimals
hyper d with strep LTA coupled to
atbumin (4) Depostts of immune complexes of LTA.
and 1mmunoglobulin were detected 1n the renal
glomeruli  Ofek et al (13) have shown that
streptococcal LTA can react with MBP but they
falled to induce encephaliis in rabbits when
complexes of LTA and MBP were used for
tmmumzation This could be due to the short period
of immunization (four weeks) or to the different
bacterial species used for LTA extraction The
reaction may also be confined to our strain of New
Zealand White rabbits This has to be further
mvestigated with other anmals such as guinea pigs
and rats and with other strains of rabbits

The gradual increasing and fluctuating neurologi
cal symptoms tn the rabbits show stmilarities to
those found 1n patients with MS The mflammatory
reactions in the rabbit brans had similarities with
the acute MS lesions 1n an autopsy case with a
chinical history of one year The charactenstic
demyehnation of the MS lesions was absent from
the rabbit brain

Preliminary experiments on absorption of human
cerebrospinal fluid with our LTA preparaton
showed that some of the electrophoretically most
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LYMPHOCYTE SUBPOPULATIONS IN MULTIPLE
SCLEROSIS VARIATIONS IN ROSETTE TESTS USING
ERYTHROCYTES FROM DIFFERENT SHEEP

A WESS and H NYLAND
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Nzss A & Myland H Lymphocyte subpopulations 1n muluple sclerosis Vanations in rosette tests
using erythrocytes from different sheep Acta path microbto] scand Sect. C 8% 793-297 (980

Lymghacytes from 34 pavents wih acuve and with stable muluple sclerosis (MS) were examined by
rosetung techmiques Patients with acuve disease had 2 relanve lymphopenta (352 9%) W hen tested
with erythrocytes (E) from one out of three sheep used pauents with actve MS had a decrease in E
rosette forming cells (E~RFC) compared to patients with stable disease and with healthy controls Other
tests facive E- Eagy— EA~ and EAC-RFC) did not disclose any differences between patents and

controls The results suggest that the ongm of the E may be of importance 1n E-RFC tests
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Membrane marker techniques are a relatnely
stmple method {or the demonstration of lymphocyte
subpopulations T lymphocytes have receptors for
sheep erythrocytes (E) and form rosettes with these
(E rosette formng cells E-RFC) A subpopulation
of E~RFC also form rosettes under subopumat
condiiions tiow E lymphocyte rato menimal incu
tation) These are usually termed sactive« E~RFC
Therr sgntficanice s unkpown but they are
supposed to have more »avid receptors for E than
other E-RFC {34 37} MNon-E-RFC include
Jymphocytes that will form roseties with anubody
{A) coated E (EA-RFC) by means of receptors for
the Fe fragment of the immunoglobubin (T) and
cells with receptors for (he tird component of
complement (C} forming roseties with erytrocyte
antbody-complement compleves (EAC-RFC) (16)
A small percentage of lymphocytes form rosettes
With rmore than one of these markers “o single
f wR

Ww

study of lymphocyte subpopulations 1n muluple

decrease n E-RFC m peripheral blood from
Patents withactne MS butnarw & v vem o
23} The
peripher .
of active

have alsy, w npated a technique using 2 arumnoethy

hsoth bromide hydrob, (AET»
treated E {13) with the orginal technique ussng
untreated E Thes test has been proposed as more
rehable for T lymphocytes than the E-RFC test
because of greater stability of the rosettes Stnce the
fesults observed with the E~RFC teot were dsfferem
from those previously obsenved 1n thys faboratory

e used E (rom three different sheep for rosente
formavion 1 an add;onat €xpeniment







TABLE 2 Actne E and Total E-RFC Tests Performed with E from 3 D fferent Sheep

Actve E-RFC % Total E-RFC %
C
Actne MS A B C A B
Panentno 1 61 58 68 81 Zg ;3
2 56 53 57 3 L
3 55 60 56 nd nd ‘5‘7
4 3 64 61 (23 73 P
5 40 44 3 62 n
6 60 61 59 69 76 65
7 70 62 69 65 80 62
g nd nd nd 82 64 58
9 nd nd nd 0 61 4 .
-7 52¢16 57z 72 5812 fa=8) 7128 69x7c 57 Tncde
23-70) 44-64) (33-69) 162-82) {60-80) (44-65)
SubleMS  (m=6) 4313 42292 41=1) (=8 63x11 62=7 672 6¢
Q6-67) Q6-50) (29-66) (48-82) 51-1) {54-15)
Contrals ~ (n—-11) 46216 51x15 50+12 n 16) 68=7f 669 63641
8- 29-13) {34-66) (58 82) (46-80) (55-76)

Values are mean £ 5 D (range)
p 0008 (active MS v stable MS)
NP 003 (sheep A v sheep C)
9P 0002(sheep B v sheep C)
9p 002 {acuve MS v controls)
99 002 (actve MS v stable MS)
NP 004 (sheep A vsheep C)

~ 008) for this group As this was somewhat 1n
TORaSt (o our previous results we decided to
extend the investigation to include E-RFC tests
Wh E from 3 different sheep W hen the acuve E—
RFC and the total E-RFC tests were performed
with E from 3 sheep a number of significant
differences were observed (Table 2) In the active E—
RFCtest patents with active MS had sigmificantly
tugher levels of RFC than patents with stable
disease only when E from sheep B were used In
the E-RFC test patients with active disease had a
decreased percentage of RFC compared 1o patients
%sth stable MS and controls only when tested with
E from sheep C Accordingly E-RFC levels in
Palients with active MS were significantly lower
when blood from sheep C was used rather than
blood from A or B Seven out of 8 patents had
lower E-RFC fevels when tested with sheep C than
¥ the other two sheep one had lower E-RFC
COunts with sheep A and C than with sheep B

DISCUSSION

The present study has demonstrated a decrease 1n
the percentage of lymphocytes peripheral blood

from patients with active MS The same pavent

group showed a sigmficant decrease 1n E~RFC

percentage with E from one of the three sheep tested

{C) In addition with E from sheep B there was a

sigmificant increase 1n actne E~RFC percentage in
.

Wmakammae

- . —— alve
MS this does not apply 1o the lymphacvte

e o paunt groups are not stmilar however
and the control values are also different from this
study Also Sagar & Allonby (31) found signtfi
cantly lower total lymphg

without any correlauon
RFC test has been used €xtensively in patents with
MS and wnh conflicting resulis Some Investga
1018 Who like ourselves have explicitly separated
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MATERIALS AND METHODS

Fatiemts Tharty four patients with MS were examined at
the Department of Neurology The patients were
assigned to one of two groups 1) those with acme
disease (n=16) cuher a first attack or a recent
evacerbation requiring hosprtal admussion and 2) those
with stable disease (n = 18) with no exacerbauon during
the 6 months preceeding admission

Controls Thirty two healthy persons with leukocyte
counts between 4000 and 10 000/mm3  20-50%
lymphocytes were selected from among the hospital
stalf

Sheep enthrcaiics were ohtamed from 3 different
sheep (A B and C) The sheep were bled at the same
ume and the E preserved in Alsevers solution and
washed twice tn Hanks balanced salt soluuon (HBSS)
hefore use

Hymphoovie studics  Dnfferental counts were per
formed on May Grunwald Giemsa preparations from
unseparated whole blood Lymphocyte concentrations
were derved from total Jeukocy te counts and differential
counts Lymphocyte separatton was performed as
described previously (23) Briefly  defibrinated blood
was mixed with an equal volume of phosphate bufTered
saline (PBS) and carefully layered upon Lymphoprep®
\fter centrifugation at 400 g at the interface between
hlood and Lymphoprip® the interface layer containing
the lymphocytes was pipetted off The cells were washed
3 umes in HBSS and the concentration adjusted fo 4 %
108/mt

Actvec E rosupre firmung edls (actne E-RFC) were

enumerated by adding 02 mof I'¥ F 10 02 ml of
lymphocyte suspenston centrfuging at 200 4 for 5 min
resuspending and counung (34) £ roscate formung cells
{F-RFC) were determined as described previously (23)
A lymphocyte suspension of 0 2 ml was mixed with an
equal volume of 0 § ¥ E icubated for 5 mun at 37 °C
centrifuged for S mn at 200  and stored in tce water
overnight belore counting £ 4¢7 rosctte Jormuing cells
(F4e7 RFC) were prepared 1n the same wav as E-RFC

using 2 amtnoethylsothiourontum bromide (AETHrea
ted E and 25% fetal calf serum (13) £4 rosense formmng
cclls (EA-RFC) were enumerated by an assay with ox
erythrocytes (E) sensitized with rabbit 1gG antibodies (A)
(7} By this technique the presence on the cefl of receptors
for the Fc portion of IgG 1s demonstrated £AC roscie
Sormng cells (EAC-RFC) were determned by incubating
02 mt of lymphocyte suspension with 02 ml of
indicator cells (20) at 37 °C for 20 min resuspending
and counting Cells having receptors for the C3h fraction
of complement form roseties by this method For all
rosette a of 200 Iymphocy
were counted at a2 magnification of 600 x  All samples
were counted by the same person Lymphocytes binding
more than 3 E were counted as RFC

Stausties The statistical significance of the obsersed
differences was established by Students t test p < 005
was considered sigmificant

RESULTS

The results are summarized in Table 1 and 2 There
was no significant dufference 1n leukocyte counts
betw een the groups (Table 1) although both patients
with active and with stable disease had shghtly
higher leukocyte counts than the Controls In
contrast the percentage of lymphocytes was signifi
cantly reduced in patients with active MS {p =
0 002) and shightly (p = 009) reduced 1n patients
with stable disease As a consequence lymphocyte
concentrations per mm?’ were rather sumilar for the
three groups The inural expeniments did not
disclose any significant differences between patients
and controls with any of the rosette techniques used
although pattents with active disease had atuve E-
RFC levels shghtly increased (p = 007) compared
both to patients with stable MS and to controls In
contrast total E-RFC levels were shightly lower (p

TABLE 1 Poripheral Blood Lyvimphocy e Subpopulations in MS

Rosette forming cells

Leukocytes Lymphocytes
G O per ! per men’ ave € E Ewr EA  EAC
T e U
Suable S (3 (539000(::‘;11:(3 (3|B9f6llo) (2930000—;80000) (427:7]24) :55(::78) (754:899) (ZIJ(:JSSD (JIZZ:SIII)
e gmelin, 03 BOS AT G L B 05

(3200-10 000) (21-61)

4 alues are mean * S D (range)
ap=002(v controls)



TABLE 2 Actne E and Towal E-RFC Tests Performed with E from 3 Different Sheep

Acuve E-RFC % Total E-RFC %
Aane MS A B c A B C
Puentno 1 61 58 63 81 0 19
2 56 3 57 73 60 s7
3 55 0 56 ad ad nd
4 2 64 61 64 73 51
$ 40 a 33 62 T 62
6 60 61 59 69 i 65
1 70 62 69 65 80 3]
8 nd nd nd 82 84 5%
9 nd nd nd 70 61 44
(-7} S52%16  5T*7a  58x12  {n=§ TI1z8 69T $7xTreds
Q3-10 (468 (33-69) 62-82)  (60-8%)  (34-65)
SaeMS n-6) %13 229 4713 n-® 63z 62=T LS e
Q661 126-50)  (29-66) 48821 (51-7) (547%)
Gomeols  (m-11) 46216 5215 S0x12 (s 161 6877 6629 642641
(873 (29-73)  (34-66) (58 81} 46-80) (55 76)
Values are mean= S D (range)
Ap 0008 acuve MS v stable MS)
8o 093 (sheep A v sheep C)
9P 0002 (sheep B v sheep C)
@9 002 active MS v controlst
Kp 002 (active S v stable MS)
’

995 fsheep A v sheep O

008 for thus group As this was somewhat
ALE o our previous results we decided to
exend she miestiganon to include E-RFC tests
;‘FL?: E fiom 3 different sheep When the active E-
e ;nd the 1ozt E-RFC tests were performed
Mo from 3 sheep a number of sigmficant
o (nnesv.e{e observed (Table 2) In the acuve E—
mgh“s]x patients % th active MS had signsficantly
— leels of RFC than pauemts with stable
vy only when E from sheep B were used In

msl;l:c fest patients with active disease had a
wrcentage of RFC compared to patients
;l‘g’ :lable MS and controls onty when tested with
M‘: sheep C Accordingly  E-RFC levels 1w
o hl:o:;hfmm MS were significantly fower
Houd 01 rom sheep C was used rather than
hm[f;{n Aor B Seven qut of § panents had
e FC levefs when tested with sheep C than
ey € other two sheep one had lower E~REC

With sheep A and C than With sheep B

. DISCUSSION
L“: Di:c;:“ Study has demonstrated a decrease 1n
aze of lymphocytes 1n peripherat blood

from patients with acuve MS The same patient
group showed 2 significant decrease 1 E-RFC
percentage with E from one of the three sheep tested
(C) In 2ddison with E from sheep B there was a
sigraficant increase 1 active E~RFC percentage m
Iymphocytes from patients with acuve as compared
10 those with stable MS

Although we have thus found the lymphocyte
percentage to be significantly decreased m active
MS this does not apply to the lymphocyte
concentration per mm® This 1s 10 contrast with
Nordal & Froland (24) sho found a lymphocytosis
Poth 1n panients with recent MS and those wih old
MS The patient groups are not similar however
and the control values are also different from this
study Also Sagar & Allonty (31) found sigmfi
cantly lower 1otal lymphocyte counts 1 MS patents
without any correlaton to disease actvity The E—
RFC test has been used extensively in patients wuh
AMS and with conflicting results Some investiga
tors wha lLike ourselves have explicitly separated
patients with active and stable MS have found
decreased E-RFC percentages in active disease only
(1 17 33) and Huddlestone & Oldstone (9) who
followed 9 patients during exacerbation and remis
sions found lower E~RFC percentages dunng
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MATERIALS AND METHODS

Panerys Thirty four patients with MS were examned at
the Department of Neurology The patients were
assigned to one of 1wo groups ) those with acine
disease (n=16) eqher a firse attack of a recent
exacerhation requining hospital admussion and 2) those
with stable disease (n = 18) with no exacerbition durning
the 6 months preceeding admission

Controls Thurty two healthy persons with leukocyte
counts between 4000 and 10000/mm? 20-50%
lymphocytes were selected from among the hospita)
staff

Sheep enithroosies were abtained from 3 different
sheep {A B and €) The sheep were bled at the same
ume and the E preserved i Alsevers solution and
washed twice m Hanks balanced salt solution (HBSS)
before use

Lymphooyte studics Differental counts were per
formed on May Grunwald Giemsa preparations from
unseparated whole hlood Lymphocyte concentrations
were dunived from total leuhocyte counts and differential
county Lymphocyte separaton was performed as
described previously (23) Briefly defibrinated blood
was mixed With an cqual volume of phosphate buffered
saline {PBSY and carefully layered upon Lymphoprep®
After centrifugation at 400 g at the interface between
hlood and Lymphoprcn“’ the interface layer containing
the lymphocytes was pipetied ofT The cells were washed
3 times in HBSS and the concentration adjusted to 4 x
106/m}

Actne E rosette frrmme ecdts lactne E-RFC) were
enumerated by adding 02 mlof th E to 02 ml ol
fymphocyte suspension centrifuging at 200 g for 5 min
resuspending and countng (34) E roserre fornung cells
(E-RFC) were deternuned as described previously (23)
A lymphocyte suspension of 0 2 mi was miked with an
equal volume of 0 5 ¥ F 1ncubated for 5 min at 37 °C
centrifuged for 5 mun at 200 g and stored 1n wce water
overnight before counting  Eggr-roscite formmg cells
(E4£7-RFC) were prepared n the same way as E-RFC

ustng 2 anumnocthylisothiouronium bromide (AET) trea
ted E and 25% fetal calf serum (13} E4 rosetre [rrminy,
cells (EA-RFC) were enumerated by an assay with ot
erythrocytes (E) sensitized with rabbit 1gG antibodies ()
{7) By this techmque the presence on the cell of receptors
for the Fc portion of IgG 1s demonstrated EAC rosctte
forminy, cells (EAC-RFC) were determuncd by wcubatng,
02 mt of lymphocyte suspenston wih 02 mi of
indicator cells (20} at 37 °C for 20 mun resuspending
and counting Cells having receptors for the C3b fracuon
of complement form rosettes by this method For alt
rosette preparations a mintmum of 200 [ymphocytes
were counted at a magmfication of 600 %  All samples
were counted by the same person  Lymphocytes bindiny
more than 3 E were counted as RFC

Stansties The staustical significance of the obscrved
differences was established by Students t test p < 005
was considered significant

RESULTS

The results are summarized i Table 1 and 2 There
was no fi difference 1n Jeuk copnts
between the grougs (Table 1) although both pauents
with active and with stable disease had shghtly
higher leukocyte counts than the controls In
contrast the percentage of lymphocytes was sigmfi
cantly reduced 1n patients with active MSp =
0002) and shightly (p = 0 09) reduced 1n pausnts
with stable disease As a consequence lymiphocyte
concentrations per mm’ were rather swttar for the
three groups The mual experiments dd not
disclose any sigmificant differences betwecn pauents
and controls with any of the rosette techniques s

although patients With active disease had actne B~
REC levels shightly wereased (p = 007) compared
both to patients with stable MS and to controls In
contrast total E-RFC Ievels were shightly lowet [0}

TABLE | Pcripheral Blood Lyvmphoch te Stbpopulations un MS

Rosette formng cells ¥

o b ;‘Z:ﬂ::f:}“ ltkymphocy;’:: ma? actve E E Earr EA EAC
e T e )
s 18 gov awels DM Sl S5 5 de a5
Comon 2 snatin 025 BESSL Gl G D o

Values are mean =S D (range)
3)p =0 02{v controls)



TABLE 2 Actne E and Totaf E-RFC Tests Performed with £ from 3 Different Sheep

Acuve E-RFC % Total E-RFC %
A B C
Aawe M A B C
70 49
Patestno | 61 58 68 :; o P
2 56 53 57 A oA A
3 55 60 56 “4 o o
4 23 64 61 6 I bl
s 40 44 3 62 15 o
[ 60 61 59 62 I o
7 10 62 69 67 b s
; ne ne " : 56 61 44
d nd n
?n=7} 21:]6 S1x7a 58212 (n=8 T1=8» 69x7¢ 5]‘27;;“
23-70) “-69) (3369 (62-82) (60—!70) (57 ;Ze
SabieMS  (n=6) 44%13 42292 47=13 (-8 63=11 62z AN
26-67) (26-50) (29-66) (18-82) (5I—792) (64:6“
Comols  (n=11) 46216 5215 S0x12 n-16) 68370 66x N
1g-13 {29-13) (34-66) 58-82) 46-30) ¢

Vales are mean S D grange)
9p=0008 (active MS v stable MS)
992003 (shoep A v sheep C)
9P=0002 (sheep B v sheep C)
=002 (awve MS v controls)
992002 facune \IS v stable M)
9=00¢ (sheep A v sheep C)

= 008) for this 2roup As this was somew hat 1n
@Ntrast 10 qur Previous resulls we decided to
Sxend the investigatton to clude E-RFC tests
® E from 3 different sheep When the active E~
RFC and the 101 E-RFC tests were performed
*h E from 3 sheep a number of significant
diferences were obseryed (Table 2) In the active E~
RFC test pavents with active MS had significantly
Bgher tevels of RFC than patients with stable
Se2se only when E from sheep B were psed In
B¢ E-RFC test pavents with acuve disease had a
decreased percentage of RFC compared o patrents
»uh stable (S and controls only when tested with
E from sheep € Accordingly E-RFC levels 1n
Paents with actve MS were significantly lower
*hen blood from sheep C was used rather than
Ylood from A or B Seven owt of § Patients had
19%er E~RFC levels when tested v, 1th sheep C than
S the other two sheep one had lower E-RFC
unts with sheep A and C than with sheep B

DISCUSSION

¥ has demonstrated 3 decrease 1n
r
i—‘jﬂh"m“ I peripheral blood

The present stud;
the percentage

from patients with actne MS The same patient
group showed a sigmificant decrease 1n E-RFC
percentage with E from one of the three sheep tested
{C) In addition with E from sheep B there was a
significant increase in active E-RFC pefcentage 1n
lymphocytes from patents with acuve as compared
10 those with stable MS
Although we have thus found the lymphocyte
ge 10 be & m acuve
MS this does not apply to the lymphocyte
concentrauon per mm* This 1s 1n contrast with
Aordal & Fraland (24) who found a lymphocytosis
both 1n patients with recert MS and those with old
MS The patient 8roups are not similar however
and the control values are also different from this
study Also Sogar & Allonby (31) found sipmfi
cantly fower total Iymphocyte counts 1n MS patients
without any correlation to disease activity The E—
RFC test has been used extensively i patients with
MS and wuh conflicung results Some mvesuga
tors who like ourselves have exphictly separated
patients with acuve and stable MS have found
decreased E~RFC percentages 1n active disease only
{4 17 33) ang Huddiestone & Oldstone (9) who
followed 9 patiems during exacerbation and remus
sions found lower E-RFC Percentages  during




MATERIALS AND METHODS

Fanients Thirty four patients with MS were examined at
the Department of Neurology The patients were
assigned to one of two groups 1) those with acine
disease (n=16) either a first attack or a recent
exacerbation requining hospual admission and 2) those
with stable disease (n = 18) with no exacerbation during
the 6 months preceeding admission

Controls Thirty two healthy persons with leukocyte
counts hetween 4000 and 10 000/mm3  20-50%
lymphocytes were selected from among the hospital
staff’

Sheep enthroovics were obtamned from 3 different
sheep (A B and C) The sheep were bled at the same
ume and the E preserved in Alsevers solution and
washed twice in Hanks bhatanced salt solution (HBSS)
before use

Lyvmphocytc studies  Differenuial counts were per
formed on May Grunwald Giemsa preparations from
unseparated whole blood Lymphocyte concentrations
were derived from total leukocyte counts and differentsal
counts Lymphocyte separation was performed as
described previously {23) Briefly defibrinated blood
was mixed with an equal volume of phosphate buffered
saline (PBS) and carefully layered upon Lymphoprep®
After centrifugation at 400 g at the interface hetween
hlood and Lymphoprep® the interface layer contaming
the lymphocytes was pipetted off The cells were washed
3 umes in HBSS and the concentration adjusted to 4 x
106/ml

1Actine « E rosette-forming cdls (actne E-RFC) were
cnumerated by adding 02 mlof 1% E to 02 m} of
lymphocyte suspension centrifuging at 200 ¢ for 5 min
resuspending and counting (34} E-rosette forming cefls
(E-RFC) were determined as descrihed previously (23)
A lymphocyte suspension of 0 2 ml was mixed with an
equal volume of 0 5 % E incubated for 5 min at 37 °C
centrifuged for 5 nun at 200 g and stored in ice water
overmght ‘nefore cowmimg  Eeer-roscite forming cofls
(F44 7-RFC) were prepared in the same way as E-RFC

using 2 aminoethylisothtouronium bromude (AET) wrea
ted E and 25% fetal catl serum (13) £4 rosctte formng
cells (EA~RFC) were enumerated by an assay with o%
erythrocytes (E) sensittzed with rabbit G anubodies (A}
(7) By ths technique the presence on the cell of receptors
for the Fc poruon of IgG 1s demonstrated EAC roserre
forming cclls (EAC-RFC) were determined by incubating
02 ml of lymphocyte suspension with 02 ml of
ndicator cells (20) at 37 °C for 20 min resuspending
and counting Cells having receptors for the C3b fracton
of complement form rosettes by this method For all
rosette preparations a minimum of 200 lymphocytes
were counted at a magnification of 600 x  All samples
were counted by the same person Lymphacytes bindiny
more than 3 E were counted as RFC

Stansnes The statstical fi of the ohserved
differences was established by Student s t test p < 005
was considered significant

RESULTS

The results are summarized 1n Table | and 2 There
was no sigmificant difference in leukocyte counts
between the groups (Table 1) although both patients
with active and with stable discase had shghy
higher leukocyte counts than the controls In
contrast, the percentage of lymphocytes was signifi
cantly reduced in patients with active MS{p =
0002) and shightly (p = 0 09) reduced 1n patients
with stable disease As a consequence lymphocyte
concentrations per mm® were rather simular for the
three groups The ntial experiments did not
disclose any sigmificant differences between patients
and controls with any of the rosette techniques used
although patents with active disease had active E-
RFC levels shghtly ncreased (p = 0 07) compared
both to patents wuth stable MS and to controls In
contrast total E-RFC levels were shghtly lower (p

TABLE | Poriphcral Blood Lymphoci tc Subpopulations i MS

Rosette forming cells %

Leukocytes Lymphocytes
e N e ® per o’ actve £ E Ewr EA  EAC
3015
Active MS 16 6100 1400 35+9 2100+ 500 s7x15 62%10 745[:;72' (27!_?9[)0 se)
(4000-8600)  (71-52) (1500-3200) (27-81) (39-78) (41~
74+9 23283 R2zll
+10 2300800 4714 6627 *
Suments 18 15;(’()‘;:'19“7(;:3 (1189—63) (900-3900) (21-72) (54-78) (57-89) (10-35) (13-31)
11 25+10 3011
2300 = 800 48%13 679 T4
Conuels 32 :34’00()0:'05880) (423:69” (1200-4900)  (26-72) (46-84) (44=92) (10—47) (10-49)
Values are mean =S D (range)
aAp=0021(v controls)
—
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exacerbations However Nordal & Frojand (24)
found the E-RFC percentage to be normal and the
concentration per mm? to be n fact increased both
n patrents with recent MS and those with old MS
Santolt et al (32) found similar results but included
only 2 patients with active disease while Sagar &
Allonby (31) found T cell percentages to be low 11 all
phases except the acute phase with low absolute T
cell concentrations m all phases
A normal percentage of E-RFC in MS patients
has also been found by many 2 4 5 6 § 12 14
26 28 36) butnot by all(19 29 30) investigators
who have not explicitly included patients with active
disease
Our findings mdicate that the demonstration of a
decreased percentage of E-RFC in blood from
patients with active MS may be dependant on an
tnherent quality of the E from the individual sheep
Steel et al (35) examining healthy adults found the
result of the test strongly dependant on the origin of
the sheep erythrocytes while Mendes er al (21)
found no differences between the sheep tested
Using the active E test W)bran & Fudenberg (38)
found decreased levels 1 cancer patients with E
from 1 of 6 sheep tested while Bram et al (3) using
an »earlyc RFC test did not find any differences
between E from several sheep tested However no
previous investigations of E-RFC with E from
different sheep seem to have included both patients
and healthy controls Obviously other diseases
should also be examined
Active E~RFC counts have been comparatively
sparingly performed m MS nevertheless conflict
1ng results have been obtained tncreased levels (19)
normal levels (4 6 8 11 18 26} and decreased
levels (10 14) Our results are i accordance with
the majorsty but in our opmion the possibility
remains that more extensive siudies with E from
several different sheep mught reveal differences 1n
active E-RFC as well as for total E-RFC counts
The percentages of Eaer RFC were very similar n
the 3 groups studied So were the EAC-RFC and
EA~RFC percentages indicating that there 1s no
change 1n the levels of complement or Fc receptor
bearing lymphocytes during MS This 15 1 accor
dance with studies by Kateley & Bazzell (14)
Lamourcuy et af (15) Lisak et af (patents with
stable disease) (17) Platz et al (28) Nordal &
Froland (24) and Mar er al (18) However
increased levels of EAC-RFC have been found by
Lisah ot al (i active disease) (17) Massoud et al
(19) Oger <1 al (27) and Slberberg et al (33) while
Aowak & M aygr (25) found a decrease EAC-
RFC The same authors also found the EA-RFC
percentage to be decreased 1n contrast to Mar et al
(18) who found normal values

ane

The results of most mvestigations indicate a
disturbance of the T lymphocyte compartment n
MS but the results of the active and total E~RFC
tests have vared gremly One evplanation for the
Vvariation i results may be that the E-RFC decrease
1n active MS can only be demonstrated with E from
certatn sheep
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The resubts of immunological and purae enzyme investigations 10 20 adult male pauent with common
variable tmmunodeficiency recurrent lymph node granuloma and splenomegaly are presented Serum
immunoglobulins. were present 1n trace amounts only and a progeessive loss of g bearng peripheral
L were F the mitogenic responses to PHA ConA and PW M were
markedly reduced and the ratio of T m/T g cells was decreased Fimally a combined deficiency of
Iymphocyte punine 5 nucleondase and nucleoside phosphorylase was demonstrated m the pauent
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Common variable immunodeficiency (CVY) s
characterized by impairment of hoth humoral and
celt mediated immunuty and the syndrone 1s highly
varable 1n severity age of onset and patterns of
immunoglobuhn and T—cell deficiency (Geha et af
1974 Furthermore hetcrogeneny at the bochems
<l feve] has been reported as 10 to 25 per cent of
the pauents have different purine enzyme deficien
aes (Gibblet et at 1975)

We wish to report on a 34 year old male patient
with CV] and decreased lymphocyte purme §

! (5 \D}- and phosphorylase

(P\P) In addiwon the paent had recurring
grzouloma of his lymph nodes and splenomegaly

MATERIAL AND METHODS
Case Report
A 34 year otd male pavent with 2 hustory of recurrent
and chrons sino pulmonay snfeclions over the past 20

wulic i pronchitis Spia for aced fast
organisms were negative but as hus father had been
treated earlier for lung tubercutosss and the patient was
found 10 be Maniout negauve he recerved a BCG
:fucmauon Three months later he was found ta ha

e yIILL Dodes with expansion of the
pulps #0d promment reacuve germunal cemres A
considesable profiferation of reuculum cells was seen
and i addiwon  sarcoud like

scattered 1n the
for tn19se
wa .
Ma

enl

granuloma were found
Ussue Acid fast bacilla were not Jonkat

Tn 1963 the pauent was admated to another hospitat
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The results of immunological and purine enzyme mvesugations 1n an adult male pauent uu:dmgr:lomn
Vanable immunodeficiency recurrent lymph node granul:ma and sple:\oT;g:l:[.\lrge hxi::‘r: i
1 1n trace amounts only and a progressie
:‘mmumgm‘?:rse:m e the mitogenic responses to PHA CanA and PW M were
markedly reduced and the ratio of T /T ¢ cells was decreased Finally a combmed deficiency of

Iymphocyte purine 5 nucleondase and pucleoside phasphorylase was demonsirated 1n the pauent
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Common variable mmunodeficiency (CVI) 1s
characterzed by 1mparrment of both humoral and
<l medsated imtmunity and the syndrone ts ighly
Vanable 10 seventy age of onset and patterns of
fmmunoglobulin and T-cell deficiency (Geha er af
1974) Furthermore heterogenenty at the biochemt
@ level has been reporied as 10 to 25 per cent of
B patients have different purine enzyme deficien
S (G bblet 1 al 1975)

Ve wish 10 repon on a 34 year old male patient
M V] and decreased fymphocyte purine §
Pudeotidase (5 \NDk and nucleoside phosphonylase
L5 SN addiion the pauemt had recurring
£ranuloma of hus lymph nodes and splenomegaly

MATERIAL AND METHODS
Case Repary

M year ol male patrent with a husory of recurrens
4 ChIORIC wte il - Ti00S over the past 30

years was in 1978 referred to the Medicat Department B
Aalborg Hosputal for severe pneumonia In 1957 at the
age of 14 years the patient had heen treated at the lung
chime for recurrent bronchiis Sputa for acid fast
PIgaNISMS were negauve hut as his father had been
treated earlier for fung tuberculosis and the pauent was
found to be Mantout negatve he received 3 BCG
vactination  Three months later
Manwut posive (8 mm)

1n 1958 and 1961 respectively the patient had slow
BIOWINE tumas 1n his right abdomen and 1 his ripht
groin removed  Hustological examimaions of the tumors
revealed enlarged dymph nodes with epansion of the
pulps and promunent reactive Bermunal centres A
considerable prolferation of reuculum cells was seen
and 1 addiwon  sarcond ke

he was found to be

granuloma were found
1d fast bacilla were not looked
for 1n 1958 low normal serum Eammaglobulin concen
rauons were observed (7 g/1) and Mantom { as wel| ag
Mantoux 11 were negatve Finally a firm moderately
enlarged spleen was found

12 1963 whe pavent was admitted 10 another hospitat



for severe bronchopneumania He recovered siow y and
an \ ray film of his ahdomen showd a spleen extending
to the N1 lumbar vertehra The pauents gammaglobulin
concentration was low (5 6g/1) and pertpheral hlood
stmears revealed a profound lymphopema

Atthe present admission (he patient was very 1l with
pinsinusis and bifateral preumonia AMuluple sputa
ruveald encapsulated non b Hacm pludns mflucn ac
fut acd fast organisms were not dut When
treated with ammathin and Gimmasemn he vewnvend
slowly  Scitiographte examimition showed a greatly
enlarged spleen with an estimated weight of 1100 g

After his discharge he Was treand with by monthly
mtramuscular ingections of gammaglobubn and e
then he has had no further hospralization However he
has eyperienced many episodes of recurrent stnusites and
bronchits

Imnan! sical Imestigatt ny

Scrum Iy assays wige porformd by an eleetraimmu
mtechmque (Ostersaard 19760 The lawer hioues of
detecuon of 1gG 12\ and 1gM n orum were 01 00)
and 002 1/1 rapectinely Scrum Tgb was messured
with a paper radio immuno sorbent test (PRIST Phar
macia Copunhagen) The lower hmet of dutection was 3
Wimb Avsars [ E s st & RFQ)
LAC Gunvthrocvic anihudy comploment) v scite | romas,
«Ih RFC) and WG Bt KM anl K2 daarmg
portphcral hmplhic evics have also been reporied elsewhery
{ncryaard & Erksen 1977 Inbred tymphocytes wery
nolatd on Ficoll Isopague and B RFC were duermind
by the method of Jondul of af (1972) T AC RFC wery
sudted by the method of Mickkr o al (1976)
Lymphocytes with three or more sheep red blood iy
attached (0 the surface were counted as roseties

For Ig buanng cells the procidure was essuntally thay
of Wmchstcr & Fun 1976) Incubation wath the FITC
comupated antisera was narfied out at 49C Celvwitha
hright fluorescing semngyreutar 1ing wire counted under
a Nuoreseeice mMicroscope

For the swdies of pfy teheasgliann (PHA) ¢ canna
P 400 0 anip Aoy cod mut gon (PR A s bar
hmph cvire endtures 3% 105 cdly were cultured
round bottomed micraculture plas with or wathout
PHA Con \and PWA $and | micropram PHA 175
and 6 25 micropram Con A and 20 and 10 micropran
PWAL were used per culture and the cultures wert
\acuhatcd 1 humdificd air with § per cem CO tor 7°
hours Eighteen hours bufore stopping cultures 017
roCt C thymidine was added to each well The

C!

rmed by the method of Mcreits tiat
T cetls formng rosetles with sheep red blood cetls
erent mononuctear cefis by

perfor
hrsefl e
were tsolated from non a
density gradient centrifugation T suppressor (1 ¢ nm:‘
T helper (T an) cells were counted afier (urm:m'an“(;
rosettes with ox erythrocyt€s coated with subaggiuw

tng amounts of ranhnt 1gG of 1gM respectively

ann

Pure En yme Assavs

Punnc enzymes were mewsured by the method of
Mycr & Vigaard (1980) Monunuckar clls and
granulocytes were harvested from penpheral Mood after
separation on a Ficoll Isopague gradint The propests n
of lymphacytes in the separaiyd monunteloar Nyer
exceded 95 per cent the rest bang monwyies Sme
samples contained a small proportn of grinslocyics
{lews than 2 per cent)

The separated lymphocytes Were frozen and thaved
hy resuspension in O 1 AL e HCT pH 8 1 The ol
were disrupted by sontfication and cunteifupaced ac 8000
& for § mm and the supernarants were used for enzyme
analyses Purine aucleosede phosphory lase and aden vinc
deaminase (ADA) wore determinad spectrophotomerst
cally and 5 nudcondase was measured 1n a radiochem;
cal avway (Moer & Avpar! 1980)  Actiws an
cxpressed 15 nmof substrate converted per hour prng
protetn at 37 °C Protem w s detorauad aecordine O
Lowny g al {1957)

TABLE | fmmun | vc Pita of the Patnt

20 adult
one year  controly
on admisin e Tmetiand
Total number
of lymphocytes
(x 106/1) 33 24 42
t RIC 90 82 745
Ig buaring
cells (1)
1gG 0 o 15
Igv 0 0 1o
IgM 3 o 98
lg¥ 0 0 05
FACRFC(Y) 2 4 18
AMitogent.
responses
}
(lfll"“\““/ml" 4x 107 Ix 10V 25x104
Cont NI Tx 10 VDX D
M 1% 10% )Sx10! 15x10¢
Tuer ant B
thtood group V) <i8 8 163
Surum
LG/ <01 01 s
LA/} 00 <00l 18
Th e/t 095 <602 13
IgE (IU/ml) 5 <3 64
Tylt? D 12 b:
T (V) ND 17 1
Rato T /T ¢ ND )9 515

D Not [Jone



Al Adenasne Deamnase (ADA} Purine Nucleoside Phosphorylase (PVP) 0 ADI Values
BLE 2 Ade {ADA) Nucleoside ) and 5 nucleotidase 1

(ne lesimg Protewn| Hour) e Patient and n Eighteen Donors with Aormat Leucocyte Differential Counts and
{nm les/mg Protewn/FHour) in the Patier .

The patient Controls
Enzyme on admission one year later median Tange
ADA 393 385 395 170611
(214 900 1913 6084 2916~6642
5\D 10 21 61 28-158

RESULTS

The immunologic data of the patent and 20
healthy agerelated adults are shown 1n Table 1 The
mumber of cwcutang E RFC was increased
whereas the number of EAC RBC was very low 1n
the patient On admussion only 3 per cent IgM
bearing cells was found and one year fater ig
beaning cells were not seen m the blood of the
pauent In addiion 1 1u4r0 mutogenic Tesponses to
PHA Con A and PW M were very low and serum
mmunoglobulins were present m trace amounts
only Finally alow number of T yand an mncreased
tumber of T resulung m a decreased ratio T
helper/T-suppressor cells were shown

The results of estimattons of purne enzymes m
the patient and 1n healthy controls are presented in
Table 2 ADA concentrations were normal 1 the
Palient whereas mvariable low PNP and 5 ND
levels were found

DISCUSSION

The patient 1 the present study 1 considered 1o
have common vanable immunodeficiency (CVD as
efined by the WHO classification of primary
mmunodeficiencies (Fudenberg et al 1971) How
@ver the heterogeneity of this syndrome 1s conside
Table and demands further clanfication (Geha etal
Y974 W atdmann et al 1973 Dorsch et al 1978)

ADA deficiency has been found to be associated
®uh an autosomal recessne form of severe
Ombined immunodeficiency (SCIDY  which 15
characterized by lymphopenia defective prolifera
Uon of lymphocytes in TESponse 10 Mnogens and
antigens defective anubody synthesis and death at
an early age due 1o infecuons (Gibbl s ef af 1972
Meunissen c1 al 1975)

Joknson et al (1977) onginally described T aduk
Pateents wuh CV U Atmost al of these pavients had
dery low 5 \D actinity and the authors suggested

that 5 ND activity 1s necessary for normal lympho-
cyte funcuons which may be related to its role
facilitating newly formed purines across cell mem
branes by converting them from nucleoudes 1o
nucleosides
In 1975 Gibblet e al published a report on a §

year old girl with PNP deficiency Howesver their
patient as well as similar pavents reported by
Hamed er al (1977) and Stoop et af (1977) had
normal B-cell funcuon Furthermore Carapelio de

[

normal serum lg levels decreased constderably and
the authors suggested that the terminal defect of B
cefl function m therr pauent was the consequence of
the PNP defictency observed This SUZZEStIon 1s not
supported by the report from Borgers cr al (1977)
that PNP actvity 15 not present m normal B-cells

A combmed deficiency of Iymphocyte PNP and
5 ND was found 1 the present pauent and to our
knowledge this combined purine enzyme defecs has
ot been reported in other patients with CV [ In our
patient loss of B and T-cell acuvity seem 1o have
oocurred when he was 14 years old as evidenced by
the disappearance of an earher posiuve Mantoux
reaction and a decrease 1n serum immunoglobulin
levels at that age These findings may support the
theory that the enzyme defects observed i ghe
patient had a progressive deleterious effecton B a5
well as on Tcell acuviues

On the other hand the combined P\P and § \D
deficiency may Predominantly involve T Iymphocy
tes with loss of T el helper activity resulung i g
progressne loss of Bcell functions However B
but not Tcells were absent m the pavent which
suggests that B-cells may be more vulnerable 1o the
enzyme defects found

The sarcoid hike granuloma of ymph nodes and
splenomegaty in our patient resemble 1n tha respect
2 SCID pauent teported by Edctsien o5 of 197g)



and 1t 1s apparant that granuloma ndistinguisable
from sarcoidosis can be found n SCID pauents
(Brunsky & Dunn 1965) The pathogenesss of these
lestons 1s unclear Qur patient recerved a BCG-
vaccination one year before the sarcord hike granu
loma were detected i his lymph nodes and
although speculative these lesions may represent a
deficient 1mmune response (o chronic antigenic
stimulation It 1s noteworthy that splenomegaly has
been reported 1n more than 50 per cent of patients
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221-231 1976
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rounds on miogen Atz

The elfects of polycations added to phytomitogen Sumulated human lymphocyte culiutes have been
studed % umin certam dose Tanges ath polycavions tesied gave N (o augmented thymidine uptake
mitogen stumulated cultures The opumum enhancing concemrations of polycanans was depending on
the serum concentration m the culture medium This was found 1o be due 1o 1w o 1ypes of mnteractions
(al fmerference with mutogen Minding serum factors (b} Reaction with immunosuppressive serum
proteims Suggesuve evidence for an zffect of polycanons also irectly on the celts was found by
pretreaiment and cell density expertments The direct effect o7 cells #as found Aot 1o he due 1o
monocyle bypass or to activation of non T-celfs by the mutogen 1t 15 posnted out that effect of
chenucals on (n vilro ymmunresponss have 1o be considered m relauon 10 the charge properties of the

compound

hey words Polvcat

P mitogen
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The actvation of lymphocytes by mulogens i
vitro has attracted much attention and been a matter
of extensive Invesugation for several years In spite
of ¢us Gitle 15 known of the cellular processes
imvolved 1n the inductine phase of mutogen reac
tions Severat drugs have heen ntroduced (3) to
assist 1n analyzing these reactions and 1t appears
that some of these are polycauons Nodogrodsky
110} showed thal reduction of the negative cell
surfice charge gesulted 10 potentanon of ral
Wmphocyte responses to ph We report
In the present paper results of experiments to
amlyze the effects of simple polycanonc com

tounds on human lymphocyies responding to
mitogens

* Spomarsd b whe Daman Cancer Sociery

MATER{ALS AND METHODS

Reagears

Medinm 199 or RPMI 1640(Gibco N Y ) contarming
100 W penicittin/mi was supplemented with heat
mactivated formal human serum for standard culture
medim Phytohemaggluumn P (PHA P Difeo Detron
Mich) covcanavalin A (conA  Pharmacia Uggpsalal
and pokeweed mitogen (PWAL Dilo) were mitogens
used  Stoek solutions wers prepared 10 Dulbecco's
phosphate bufTered saline (PBS) a1 concentrations of
from 1—$ mg mitogen /ml and stored for up 10 2 months
wd°C

DEAE-dextran (mol w1 2 x 106 Pharmacia) poly D

fysne (Mol we 27108 \ltes Yeda Rehovat} prota
nune sulphate mal a+ &nnn o4

gen)

were -

PBS. . .
or =

s+ nas methylated
Ace0ruing 40 methods described cisewhere (11} Y



and it 1s apparant that granufoma idistinguisable
from sarcoidosts can be found in SCID pauents
(Brunsky & Dunn 1965) The pathogenesss of these
lesions 1s unclear Qur patient receved a BCG
vaccination one year before the sarcoid hike granu
foma were detected n his Iymph nodes and
although speculative these lesions may represent a
deficient 1mmune response to chromc antigenic
sumulation It s noteworthy that splenomegaly has
been reported 1 more than 50 per cent of patients
with idiopathic  late onset  immunodeficiency
(Hermans ¢1 al 1976)
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EFFECTS OF POLYCATIONIC COMPOUNDS
ON MITOGEN STIMULATION

{ HERON B LARSEN and \M HOKLAND
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The fosute Radiumstationen DK §000 Aarhus C Denmark

Heron | Larsen B & Hokland M Effects of pol. d:
Fath microbiol scand Sect € 88 303-308 1980

on mitogen Acta

The effects of polycations added to phytamstogen sumulated human lymphocyte cultures hase heen
studed Within certamn dose fanges all polycations tesied gave rise to augmented thymidine uplake i
m togen sumulated cultures The opuimum eahaning concentrations of polycations was depending on
the serum concentration 1 the culure Medism This was found to e due 1o 4o 1ypes of mieracuons
(a) Ymerfersnce with metogen binding serum factors (h) Reaction Wuh immunccuppressive sefum
protemns Suggesuve evidence for an effect of polycations also directly on the cells was found by
pretreatment and cell density experments The direct effect on cells was found not 1o be due 0
monocyte bypass or to actnation of non T-cells by the mutogen It is pointed out that effect of
chemscals on 10 vitro immunresponses have to be considered 1 refation to the charge properties of the

compound

Key words

mitogen
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The acyvation of lymphocytes by mutogens in
»atro has attracted much atiention and been a matter
of evtensive wnsvestigation for several years In spie
of this fitle 15 known of the cellufar processes
mvohed 1n the inducine phase of mitogen reac
uons Several drugs have been introduced (3) to
assist 1 analyzing these feactions and 1t appears
that some of these are polycations Novogrodsky
D) showed that reduction of the negatne cell
surface charge resulted n potenuation of rat
lymphacyte responses to phytomitogens We teport
n the present paper results of experiments fo
anilyze the effects of simple polycayionic com

rounds on human tymphocytes responding 1o
mitogens

Sponsored by the Danih Cancer Society

MATERIALS AND METHODS

Reagents

Medium 199 or RPMI 1640 (Gibeo N Y ) contasming
100 JU pensalin/mi Was supplemented wtth heat
mactivated normal human serum for sandard tutwre
medium Phytohemagetutmin P(PHA P Difco Detrort
Mich) concanavalim A frond Pharmaca Uppsata)
and poXeweed mutogen (PW AL Difco) were mutogens
used Stock soluuons were prepared 1 Dulbeccos
phosphate buffered savne (PBSI at concentsauons of
from 1-4 mg mitagen /m) and stored for up to 2 months
atd°C

DEAE-dextran tmol wt 2x 108 Pharmacia) poly D
Iysine (mol Wt 2x10% Miles Yeda Rehouatd proa
mine sulphate mol wt 6000 (Nordisk Tnsulin Copenha
gen) atd methylaed human serum albumn I\f11C 4y

Nerane .

v was pethylated
acxording 10 methods described elsewhere (11)



Lymphocy te Culiures

Heparinized or glass bead defibrinated human peri-
pheral venous blood was obtained from healthy male and
female volunteers aged 22 to 43 A total of 12 unrelated
persons were used Mononuclear cells were obtained by
centrifugation on Ficoll Isopaque The cell suspenstons
were washed twice in medium counted and adjusted to
1 X 106 vaable cells per ml culture medium Duplicate or
triplicate cultures were set up 1 mucrotiter plates {(Nun
clon Nunc, Roskilde Denmark) Each culture normally
contained 1-2 x 105 mononuclear cells n a volume of
02 ml Mitogens and polycations were added 1in i
quantities from the stock solution or dilutions from
these  Cultures were mamtaned n a  humidified
atmosphere of 5", COz and 95% atr at 37 °C Before
harvest (18 A} 002 pCi of H4C-thymidine (Amersham
U K }specific acuvity 61 mC1/mM) was added to each
well The culiures were harvested as described elsewhere
(6) The results are presented as mean cpm values which
normally differed from the individual ones by less than
10%

Separation of subpopulations was performed as
described previously (5 6) Cetl survival in cultures was
determuned by counting the number of cells excluding
trypan blue

RESULTS

The Effects of Pohcations on Lymphocy e Responses
to Mitogens

The four polycations tested repeatedly were
protamine sulphate polylysine DEAE-dextran and
MHSA In essence they affected mstogen responses
similarty mbubition at high, augmentaton at
mtermediate and no effect at lower concentrations
The influence on different doses of mitogens and the
amount of serum present m the culture medium
was also studied Fig 1 shows the results of typical
experiments using PHA and conA as mitogens A
range of mitogen concentrations was added to
lymphocytes 1n cultures with 2% or 15% serum,
and one or several concentrations of polycations
were added to the culture immedsately thereafter
Several conclusions emerge Higher concentranions
of polycations were nhibitory at all mutogen
concentrations at condittons with low serum %
whereas slightly lower concentrations of polyca-
tions potentiated the response at the sub-optimal
miutogen concentrations but mhibited at the optimal
and supraoptimal concentrations of conA and
PHA Lower polycation concentrations potentiated
mitogen responses at all concentration At the
Iugher serum corc miranion higher mitogen concen
trations were n ed to get the optimal blastogenetc
responses whi. were quanmauvely comparable 1n
cpm to that at he lower serum % The Hugher
polycation concentrattons were now found stimula-
{ory or less mfubitory, compared to conditions with
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Fig | PHA and conA dose response curves at the
indicated serum concentrations n the medium  The
signatures represent
@ 1o polycation added {control)
& MHSA 25 pg/ml- added
@ MHSA S pg/ml-) added
O MHSA | pg/ml~! added
O poly D lysine | pg/mt-!

2% se, whereas the former supraoptimal polycation
concentrations were now optimal The lower
polycation concentration had no effect 1n medim

containing 15%se
Fig 2 shows that the enhancing effect of

2% se
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TABLE t Per Cent Increase n Thymudine Uptake b
Pretreatment with Folycation

Dﬂﬁ\\. Pretreatment
EAN

- Expt ———————— Tow!
2 Mo  Mitogen th  2h 241 perod
]
& ™ 1 PHA 0 67 580 3062
z ,.\5\ ConA 0 169 603 1191
P
D) 2 PHA - 835 1t 2938
IR Cona - 806 1580 2420
Potynrs pi® S o
Fg 3 Tncreasing amounts of polylysine added 10 3 PHA [T
mitogen sumulated cultures Two separate €¥periments ConA 0 50 236 708
are shown
© P 25 erml ¢ 4 PHA o 183 306 1093
O wonA2 S pg/mi ! Cona ® 605 4o M9

O con A 10 p/ml !

plycanons on PHA and conA stimulation also  shown) were present at afl times and altered kinetics

holds true for PW M responses although the effect  was excluded as an explanation for the effect

on this mitogen 1s less pronounced at the higher se

% i the cultures The Effects of Polications on Cefl Sunnal
Polycations 1n concentrations that were augmen  Culiure

ttise for mitogen responses were not found 1o be ‘Lymphocytes were culred 1 the presence of

mutogenic 1n cultures without mitogen at
The mhibitory effect of higher amounts of and inhibited conA response It was found that at
"

at mitogen causing mhibinien of responses cell
was found to be particularly pronounced when con  survival was reduced n particular in cultures also
A was used (Fig 3) muogen

The following experiments were performed in an
attempt 1o analyze the effects observed The kaneucs.
1 the mitogen stimulated cultures was studied by
hanvesting at different days (Fig 4) The augmenta
uve and mhibrtory properties of pr (not

whereas doses causing augmented responses were
enher shightly 10%ec or had no demonsirable effect
on cell survival
Pretreatment of cells Pretreatment of cells with
amounts of Wwhich were
subsequently washed away was tried for | 2 and 24
& prior 10 culturing with mutogens (Table {) One
hour of pretreatment had no demonstrable effect
v.\:.er%s prewreatment for longer had a conuistentty

TABLE 2 Adduon of Protamine Sulphate at Different
Davs of Culture Per Cent Increase (+) or Decrease (<) in
Thymidme Uptake
_—

Fig 4 The Xinetcs of miogen sumulation responses

Closed symhols refer 1o cuttres wathout polycation Days of cultuces
_—

open symbol to those where | pg/mi ! polylysine 15 Mitogen o )

added H 3

O® PWA Spgrml ! e

&4 PHATISweimit PHA *32 a9 +3

O® cond 5 pe/ml |

€777 pomsumutaied Cubrs Cond 160 4108 +16 ~03



Lymphocy te Cultures

Heparinized or glass bead defibrinated human pEnN
pheral venous blood was obtained from heafthy male and
female volunteers aged 22 to 43 A total of 12 unrelated
persons were used Mononuclear cells were obtained by
centrifugation on Ficoll Isopaque The cell suspensions
were washed twice 1n medium counted and adjusted to
1 X 108 viable cells per mi culture medium Duplicate or
teaphcate cultures were set up in microtster plates (Nun
clon Nunc Roshilde Denmark) Each culture normally
contained -2 x 105 mononuctear cells 1n a volume of
02 ml Mitogens and polycations were added n pl
quantities from the stock solution or dilutions from
these Cultures were mamtamed n a hunndified
atmosphere of 5% COj and 95% air at 37 °C Befare
harvest (18 h} 002 uCi of 14C thymidine (A

PHA

12{ 2%se 15%se
w A —
o8 A
%
Ze 07‘3
o °l ., =~
. [ o
e / ¥
= * =i
0 005 025 1 5 20 0 005025 1t 5 20
PHA ugmi
ConA

U K ) (speaific actvity 61 mCi/mM) was added 1o each
well The cultures were harvested as described elsewhere
{6) The results are presented as mean cpm values which
normally differed from the tndividuat ones by less than
10%

Separation of subpopulations was performed as
described previousty (5 6) Cell survival 1n cultures was
determined by counting the number of cells excluding
trypan blue

RESULTS

The Effcets of Poh cations on Ly mphocy te Responses
10 Mitogens

The four polycations tested repeatediy were
protamune sulphate polylysine DEAE dextran and
MHSA Inessence they affected mitogen responses
simlarly b at high lon at
mtermediate and no effect at lower concentrations
The influence on different doses af mitogens and the
amount of serum present wn the culture medum
was also studied Fig 1 shows the results of typical
experiments using PHA and conA as mitogens A
range of mitogen concentrations was added to
Iymphocytes i cultures with 2% or 15% serum
and one or several concentrations of polycations
were added to the culture immediately thereafler
Several conclusions emerge Higher concentrations
of pobcanons were mhibitory at all mitogen
concentrations at condittons with low serum %
whereas shightly lower concentrations of polyca
tions potentiated the response at the sub optimal
mitogen concentrations but mhibited at the optimal
and supraoptimal concentrations of conA and
PHA Lower polycation concentrations potentiated
mutogen responses at all concentration At the
Ingher serum concentration higher mitogen concen
trations were needed to get the optimal blastogeneic
responses which were quantitatively comparable 1n
cpm to that at the lower serum % The higher
polycation concentrations were now found sumUIah
tory or less mubitory compared to conditions Wil
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Fig I PHA and conA dose response curves at the
indicated serum concentrations 1n the medwm The
signatures represent
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A MHSA 25 pg/m) tadded
4 MHSA 5 pg/mi ! added
O MHSA | pg/mt | added
O poly Dlysine | pg/ml ¢
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2% se whereas the former supraoptimal polycation
concentrations were now opumal The lower
polycation concentration had no effect in medium

containing 15%se
shows that the enhancing effect of

Fig 2
PWM
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Fig 7 PWM dose response Curves
@ no paiycaton added

O polylysine | pg/mt | added

Mean of triplicate cultures + | SD are shown



002135
Poayryune pgmi’

Fig 3 Increasing amounts of polylysine added to
mitogen stmutated cultures Two separate expeniments
are shown

@ PHA L 25 pg/mi-!

0 conA2Sppiml b

O con A 10 pe/ml-1

folications on PHA and conA stmulation also
holds true for PW M responses although the effect
on this mtogen 15 Jess pronounced at the hugher se
% 1n the cultures

Palycations in concentrations that were augsmen
ttive for mitogen responses were not found 1o be
mtogeme 1n cultures withowt mitogen

The inhibitory effect of higher amounts of
Polycations at iogen

TABLE 1 Per Cent Increase wn Thymidine Uptake by
Pretreaiment wuh Pobcation

Prewreatment T

otal

Expt
No Mitogen 1 h 2h 24h  penod
t PHA ] 67 580 3062
ConA 0 169 603 1791
2 PHA - 835 nii 2938
ConA - 306 1580 2420
3 PHA 0 175 362 1387
ConA 0 250 236 708
4 PHA o 183 806 1093
Cond 0 605 4o 2719

show 0) were present at all umes and altered kinetics
was excluded as an explanation for the effect

The Effects of Pobycations on Cell Sunnal in
Culure

Lymphocytes were cultured 1n the presence of
a

and inhibited conA response It was found that at

was found 10 be parucularly pronounced when con
A was used (Fig )

The follow ing experiments were performed in an
Aempt 1o analyze the effects Observed The kinetics
Tn the mitogen stimutated cultures was studied by
harvesting at different days (Fig 4) T‘he augmenta
Uve 2nd mibitory prope of (not

causing of responses ceil
survival was reduced 1n parucular 1n cultures also
mitogen
whereas doses causing augmented responses were
erther shghtly toxic or had no demonstrable effect
on eell survival
Pretreatment of cells Pretreatment of cells with

Days of e

Fiz 4 The kineucs of mitogen sumulation responses
%ed symbots refer to cultures without polycation,

Pen symbol 1o those where | pg/mi-} polylystne 15

- e polyly:

O® PWALS yp/mi-
LA PUAL IS pgimi-t
UI coni § yg/mi~t

amounts of which were
subsequently washed away was tried for |, 2 and 24
h prior 1o culturing with mitogens (Table 1) One
hour of pretreatment had no demonstrable effect,
whereas pretreatment for longer had a consistently
enhanang effect on fesponses to suboptimal mito
gen concentraons The effect obtatned by pretreat
ment however was never as pronounced as that

TABLE 2 Adduion of Progamne Sulphate at Different
Dass of Culture Per Cent Increase (+) or Decrease {-) n
Thymidine Uptake

Days of cultures

Mitogen 0 1 2 3
PHA “312 +109 c3 —u
Cona 4160 +108 “16 -0



TABLE 3 Effcct on B and T Enriched Poptilations (Mean CPV £ SD)

PHA pg/ml! -1
Cells resp : P ) 24 ConA pg/ml
025 125 [ 5

Unsep - 84071323 9686+ 442 642% 1S 3784z 54

+ 12326 = 461 12805= 350 12872333 6396212
T - 237 2 4491 214 33 3 60 2

+ 647 217 6313 144 36z 5 95+ 2
T + mono - NT 7069+ 263 NT 32812127

+ NT 93361277 NT 4979188
B - NT 561 68 NT 2572 43

+ NT 643+ 35 NT 333=x 35
B+ mono - NT 975+ 142 NT 586 31

+ NT 934+ 63 NT 502 S5

%) MHSA was used a1 a concentration of | pg/ml™!

Unseparated cells included 68 2% T cells and 11 8% manocytes

T cell fracuon included 95 6 b T cell marker positive cells and <0 2% monocytes
T + mono included 95 6% T lymphocytes and 5% manocytes

B cell fraction included 0 4% T lymphocytes and 1 8% monocytes

B + mono included 0 4% T lymphocytes and 6 8" monocytes

Non stimulated cultures gave 24~93 CPM {range)

obtaned by the presence of the polycation during
the total culture period

Addtion of pobcations at different days after
mtation of PHA and conA stimulated cultures
showed decreasing effect from day to day (Table 2)
Addition at the very latest days before or together
with the thymudine pulse resulted in decreased
thymidine incorporation thus excluding that the
augmentory effect obtamed when polycations are
present during the total culture period 1s due to
ncreased thymidine unlizanon or transport To
control that the increased thymidme uptake m
cultures exhibiting augmented responses (o mito
gens was 1ndeed due to increased DNA synthesis
celt cytofluorometry was performed n one experi
ment by the measurement of the relative distribu
tion of cells in different stages of cycle DNA
content was quantitated 11 a cytofluorophotometer
subsequent to nuclear stamung with ethidium
bromide as described elsewhere (3 It was
confirmed (results not shown) that the increased
thymidime uptake corresponded to higher numbers
of cells in the S phase

¢ Monomuclear Cell Popudations
ere carried out to determine
7.4 macrophage

Effects on Differen
Experiments W
whether polycations act by bypassin!
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functions or by selective support to B cells which
normally respond only to 2 very limmted extent to
conA and PHA stimulavon Table 3 shows the
result of one such experiment The concluston
drawn was that polycation does not ) provide the
macrophage help nor b) turn B cells on to respond to
the mutogens ¢) The augmentative effect 1s exerted
also on purified T cells

CPMx1p 2

DpEAEg M

catment of 10 ml culture

Fig 5 The effect of pretr
rent amounts of

medium ncluding 2% serum with diffe:
imsolubitized potycation (DEAE sephade”) The re:pon
ses of conA (2 5 pg/ml-1) and PHA (I 25 pg/ml-D are

e o P ]

on



Effects on Normal Intubitory Serum Factors.

The possibility that polycations acted partly on
factors present 1 the serum suppleraent 1n the
culture medium was tested 1n experiments exemphl
fed m Fig § Culture medum contaming 2%
serum was absorbed Wwith increasing amounts of
msolublized DEAE dextran (DEAE sepharose) and
subsequently assessed for supportive properiies to a
subopumal concentration of conA and an optimal
PHA concentration The culture medium was
potentiated as far as the mitogen responses were
concerned alter absorption With the ntermeduary
amounts of polycations Too heavy absorption (S
/10 mi) teduced the supportve capadity aad
farther addition of soluble protamine sulphate
subsequent to polycaton absorpion had an mhiby
tory acyvity The conclusion was that apparently
some but not all of the enhancing effects of
polycauons are due 10 neutralizing properties on
negatively charged inhibitory protems 1n Serum

Effects on Cell Contact tn Culures

The number of cells responding and present 1n
the culure well with a fived surface area and
£eOMetry were vaned by simple dilutions as well as
by the addion of irradiated > filler ¢

campounds hke cytochalasin B which has been
1nvestigated in vir0 (0 aSsay systems sumilar to that
used here by several groups (3 4 14) 1s thought to
exert a specific effect on cells Cytochalasin B
however 1s a positively charged molecule and the
in witro effects as described by others are fully
comparable to those descibed 1 the present
Investigation for sumple posasely charged chem
cals

The effects coutd in principie be on the mitogens
on the medium_ on the cells or on a combination of
hese and we have attempted to analyze the system.
under this scope Trivial explanations for the effects
described Tke stuft i kinetics better survinval of
celts or effect on thymdine transport have been
excluded

It became clear from the dose utrations of
mitogens under conditiens of high or low serum
content i the medium that @ cenan binding or
nactivation by serum factors of mtogens most
pronounced n the case of conA 1s taking place
The polycation nteraction 1n the culture system
partly depends on this since doses of polycations
potentiating the mitogen response at high serum
concentration were mhibitery at the lower serum

lymphocytes The possible augmentauve effects of
polycatrons on Titogen responses were assayed
under such condiions The most pronounced
augmentation was observed at the lowest cell
densities (1-2 x 105 celis/culture well)

DISCUSSION

The compounds studed 1 the present paper are
very different and unrelated chemicals that share the
Property of having strong posune charge Such
Polycationic compounds have a potential interest
because they have been found to mhibit tumor cell
£rowth mn v tfor review see Larsen (7)) The exact
basis for this effect 15 not known but one of the

1s that an Y actson 1s
eweried by polycanions In (he present study
gmentanon of lymphocyte respomses 1o mitogens
%as seen within certan dose ranges The smpor
1ance of this 2 an explanation for the it v o effect

Outhned above natusally has to be considered with
Quton

Aovogrodsky (10) first descnbed the sumulatory
#llect of polycation 1n virro using rat Iymphocytes
Sumulated with phytomstogens The present study
has exiended this observation by testing other
Polycationie compounds by the use of human
ymphocytes as responder cefls and by a close
analysis of the 1 viero effects The effect of

F the 2ddition of polyca
tons at a fived serum concentrauen shifted the
mitogen dose response curve to the left agatn most
pronounced with conA Probably polycations
teract with mitogen binding serum substances
thus making the mutogen available for reacting with
the cells
An nteraction 1s taking place between polycanon
and charged serum which
normally have an inhibiory effect on the respon
dingeeis{8 2 9 1 Indication for thus assumption
came from the expenments 1 which the serum
contaning medim had been adsorbed wath insoh
bilized polycation (Fig 5) Such medium supporied
mutogen induced responses better than non adsor
bed medium supgesting that mhsbitory substances
had been removed From the DEAE sephadex beads
used for adsorpuon mhibitory glycoprotens could
be eluted (unpublished) If culture medium was
adsorbed too extensnely (>2 g DEAE sephadex
per 10 ml medum ~ 2% serum) however
mhibinon of growth was obtamed which suggests
that certam amounts of the substances binding 1o
the DEAE beads ate necessary for ceifs 1n culiure
A need for certam negauvely charged serym
components may also explawn the whibitory and
touc action of the addiuon of the higher concentra

tanc afe o

¢ waulydiiower doses of conA in that both



substances bind to glycoprotemns m the medum
thus leaving the cells »unprotectede

Pretreatment of cells before culture was found 1o
potenuate the subsequent response i vitro to
mutogens This corresponds to the observation that
increased uptake of particles and compounds by
cells has been shown following polycation treatment
(12) The enchancing effect of lymphocyte pretreat
ment was however never as pronounced as the
cffect of having the polycation present 1n the full
culture period but the result suggests that part of
the action mught be due to a direct cell surface
interaction

The possibility that other lymphocyte classes
than normally might be recrusted to respond to the
mitogens when polycations were added was tested
by assayng the effects on 1solated subpopulations of
lymphoid cells from the blood These results
excluded that polycations substitute for monocytes
and that B cells are on their own becoming
responsive to the T cell nutogens W e have not been
able to decide whether interaction between different
classes of cells during the normal response of
unseparated cells to mitogen 1s influenced by
polycations The results of the experiments with
different cell densities 1n the cultures might be taken
as an ndication of altered cell to cell interaction
Cell to cell contact 1s mnfluenced by surface charges
and it 1s concetvable that cultures with relatively
low cell numbers might benefit from decrease
negative charge easing mutual cell contact

In conclusion the effects of polycationic compo
unds on lymphocyte responses to phytomitogens i
vitro are very complex multihit phenomena One 1s
action on mutogen binding serum factors another 1s
action on  »IMMUNOSUPPIESSIVE« SErum compo
nents a third are effects directly by interaction with
the cell surface

The technical assistance by Mrs [ Sorcnscn and Me A
Mulier 1s sincerely acknowledged
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Eluates of different tissues were prepared #t $6.°C using & conunuous flow technique More 1gG ang
other sesum protemns were found in lwer tssue from Pavents with non malignant diseases than 1» Inver

tssue from healthy control mdividuals Cancer free ey tssue from paients with caranomas was
similar to that of patients with non mahgnam diseases bus lwer Tetastases contained twice the amount
of 166G No d fferences were found beiwetn, son perfused carcinomas of the kidney and cancer free

fenal ussue whereas mare 196w s nrscan
renal ussue
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Ve have previously shown that efuates of
Maligrant tissues contain more 126G and other
Proteins than do elvates of organs from healthy
ndivsduals and that no 1gG was found in eluates of
formal biver (8 10) Since Romsdah! & Cox 13)
feported that eluates of control lner fissue from
D3lents with sarcoma contamed 12G and seyera)
other proteins simtar to the eluates of the sarcoma
Sue the question therefore arose whether there
®ere any qualiatne or e
betw cen eluates of 1) Iners from healthy individuals
compared to lners from patients Wwith malignant
21d non malignant diseases and 2} lver metastases
€ompared 1o cancer free hiver yssue from 1he same
Pauent As we have observed tnay Tenal pssue
Sontains more tssue bound proteins than other
vormal ussues (8 10) we have akso compared
cluates of carcmoma of the Kidney and of cancer
free tissue from the same kidney

MATERIALS AND METHODS

Tissue

The following ussues were obtaned at autopsy from
the Department of Pathology W efl-defined tver meta
Stases and cancer free liver tssue from
@remnoma of the colon and from 3
G@rcnoma of the stomach
Patents wich non malignant

patients wathy
hver specimens from §
disease including severe

from th+ .

Perfuse

MOVE "y L ussue was careful)

frea ¥ removed ang

™ 0SSu blocks Were snap fropen 1
ftrogen and mounted v

for the Preparation of eryosear
tisse sectons The remander of the ussye \:txlher
used 1mmedzaely pr Slored 2t ~250C Histologieat



examunation was routinely performed at the Department
of Pathology

Sera
Sera were obtained from 14 of the autopsies and
preoperavely from all the patents at the Departmeny of
Surgery Pooled human serum (PHS) was prepared from
20 blood donors Isolated [gG was purchased from A/B
habt Stockholm
Annscra
Antserum to PHS (antt PHS) was raised 1 rabbits by
subcutaneous inyjections of PHS mixed with Freund's
adjuvant For the first injecuon complete adjuvant was
used and for further injections incomplete
Antisera 1o human ay foetoprotern  haptoglobin a
macroglobulin aq antchy motry psn ey antiteypsin i
brinogen B2 ipoprotetn  C3/C3c (B1C B1A globulin)
C4 (BiE globulin} Clnactvator (C1 INH) Clq 1gG
1gM and IgD were purchased from Behningwerke AG
Marburg Latin W est Germany Antisera (o human fgA
carcinoembryonic antigen (CEA)  albumin and (3}
microglobulin as well as an anuserum (o human gamma
kappa and lambda chains were purchased from DAKO
immunoglobulins Copcnhagen
Extracts and Elvancs
Extracts and eluates were prepared as described
previously (10) In bricf the tissue was homogenized 1n
phosphate buffered sahne pH 7 2 (PBS) (four tinies wet
weight) for 1 min 10 a Servall Omai Mixer at circa 0 °C
and centrifuged at 20000 x g for 20 min The superna
1ant beneath the lipid layer was collected (extract) Two
to 3 grams of tissue sediment was resuspended in PBS
contaiming 0 05 per cent Na azide placed between glass
fiber filters 1n a short glass column and washed i a
continuous upward flow of PBS until the optical density
(0D} at 260 nm of the effluent was befow 005 Afier
washing a control sample of the effluent was collected
The column was then submerged 1n a waterbath at 56 °C
and the tissue eluted 1 a onttnuous fNow of PBS
156 °C) monuered by the OD of the effluens Contro)
fluids and eluates were concentrated to between 1 0 o
30 ml using Amicon Diaflo LM 05 fifters There was
no loss of proteins during the concentration procedure as
measured by spectrophotometry
Fey Recepror Actnan (FeRA) i Tissue Scetions
TcRA 1n tissue sections was demonstrated as prev
ously (7} using the mucroculture thanzing drop) shde
techmque (5) The indicator cells were sheep erythracy tes
(E) senstuzed with varying amounts of rabhit I1gG anu E
(A) expressed as aggluttnanng unus One agglutinating
unit 15 defined as the amount of the highest dilution of \
which agglutinates an equal amount of a | per cent
suspension of E The strength of the haemadsorption was
rated by referring to the agglutinating units of vonEA
which produced a reaction on the section
Preaipitation
The double diffusion test was performed in | per ceny
agar in PBS as previously described (9} For investiga
ton of Clg 0 5 per cent agarose 1n PBS was used Scra
cirats or eluaes were applied 2 h prior to the additon
of the antiserum
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Crossed Immunoclectrophoresis (CIE)

CIE was performed as described by Wecke (6)
Varying amounts of anusera extracts or eluates Were
used to obtain optimal precipnaton condmions An
mntermediate gel containing appropriate amounts of
specific antisera was used to denufy the various
proteins

Quanuficanon of IgG and Albunun
IgG and albumtn n sera extracts and eluates were
using single plates from
Behringwerke AG The lower it of detection was 10
mg/1 which corresponded to circa 6 mg etuted 18G/hg
wetussue The ratio of the contrations of albumin to IeG
In sera extracts and eluates was calculated The
feduction of the rato was calcufated as precrously
described (8)

Stansues
Walcoxon s two sample test was used throughout

RESULTS

Albumin was the only protein detected 1n all eluates
Significantly more IgG was eluted from Iner tissue
from patients with non mahgnant diseases than
from healthy control mdividuals {p =0 05) (A and
B Table 1) There was no significant difference 1n
the eluted amount of [gG between Inver tissue from
patients with non malignant and witt malignant
disease {(p=020) (B and C Table 1) but more
eluates of the latter also contamned IgA haptoglobin
at antitrypstn and a; antichymotrypsin The eluates
which showed the highest concentration of albumin
also contamned most of these additional protetns In
eluates of cancer tissue from 9 of the 10 patents
twice as much 1gG or more was obtained than from
their Iver tissue From one patient a sumlar amount
of 1gG was eluted from the two types of tissue For
the group examined the difference berween the two
types of tissue was highly significant (p =001 (C
and C? Table 1) More of the eluates of the cancers
contained IgA and fewer contained haptoglobin
when compared to the eluates of the cancer free
bLver tissue

Using noa perfused hadneys the same amount of
1gG was eluted from cancer free renal ussue and
from cancer tissue Several other protemns were also
present but no differences were found between the
two types of eluates (D and D? Table ) After
perfusion fewer proteins were detected in the
eluates (€ and E2 Table 1) Inaddiion the amount
of albumin was sigmficantly lower m eluates both
from the cancer of the hidney (D?and E(p=002)
and from the cancer free renal tissue (D and E)
(p<001) as was the amount of IgG m eluates
from the ancer free renal tissue (p=003) How
ever perfusion did not mfluence the amount of IeG
eluted from the cancer fissue



TABLE 1 JgG and Osher Serum Protews o Etuates of Yarous Mormal and Malignant Tissues

Numbec of eluates conta

Eluted alburnin'
Toe pluedigo! Hipo- myant  ars g
WG JBA  gobim  trypsin  ehymouypun
2 [) v 3 nsUe
Normalt 3 <6 (<e-lop 2 0 H I ra e
Yol g veed 3 173(<6-27% F H H 3 W6 (35— 95®
Canger free  ves ssue® 10 19 t<o-ds 5 3 H H H NN b
Liver petastaces 10 36 ( 20-85F 107 2 2 1 555 4-1oP
Cancer frex remal Usce 3 0 ¢ -Sor FA 2 2 3 5 3 435-105p
Cancer of the kidney 5 40 (15-80F 5 H H 0 o 6 20 (10— 26¥
Cancer { e¢ renal tisue perfused & 14 ( 9 28¢ 6 { ° K s 20 (-3
Cancey o the ey periused % 36§ 20-55% s 1
Y Inmy kg wer homopemzed nssee median and range
%) Same legter indrcates tissue from the same organ
Jperscnipts mean that the tissues are significantly
Sice pesfusion reduced the amounts  C3 €4 fivrinegent and @1
eluted of proteins 1t

bound different washing and elution procedures
using homogenized tissue were compared Two of
the homogenized non perfused cancers and cancer
free tssues were washed at 20°C for 2 b before
washing ag 4 °C The tissue was then efuted at 20
37 35 and 56°C successively The results were
compared to those obtamned when the tissue was
thuted at 56 °C only Most proteins were eluted at
6°C and sumilar amounts of lgG and albumin
were thuted afier washing a1 20 °C as a1 4 °C only

The rano of ajbummn to 1gG m extracts and
efuaies was caloulated A simlar ravso n ehuates and
corresponding extracts would indicate non speaific
binding of 1gG to the tissue while a reduced rauo
would indicate spectfic binding Al eluates of the
cancer of the kidney and cancer (ree renal ussue 3s
well as 8 of the liver metastases showed a reduced
Tatio whereas only 2 of the cancer free liver tissues
9id The other 8 cancer free Iiver tssues as well as
all the other fiver tissues and the remaimng 2 Yiver
metstases showed a siilar ot increased tata

Two of the carcinomas of the kidney were
ovided 1o the central and subcapsular areas before
clupon There were no differences between the
huates from these 2 pans of the tumours The
Tesults vsing cancer tissue obfained at autopsy and
A sutgery were also compared No differences were
found(C? D2and £2 Tabdte 1}

CEA was detected 1 exeracts and efnates of the
Gmers only and Brmacrogiobulmn only 1 the
eluates of the cancers and in eluates of the cancer
free renal ussue

The followng proteins were not found tn any of
e eluates o) foctoprotesm JgM 1D Qg G INH

i ,{n eluates were also tested m CIE usmg anit
PHS 1n the gel and various monospecific antisera 1n
the ntermeduate gel Up to 8 dilferent protens were
wentified with no differences between the cancer
ussue and the cancer free tissue from the same
organs

FeRA was detected n sections of all carcinomas
and livers but not in sections of cancer free renal
ussze The amount of eluted 183G was plotted
agamst the degree of FCRA in the corresponding
nssue secuons No refationship was found

DISCUSSION

The amm of the present study was to wvestigate
whether there were quantfative or gualttauve
differences between ) hver tissue from normal
controls and from patients with cancer or non
malignant diseases and 2) cancer ussue and cancer
free ussue from the same organ For this purpose
eluates from different Liver tissues liver metastases
caseinomas of the kidney and cancer free renal
1isSues were used

As previously shown (8 10) eluates of Jiver
nssu¢ from control individuals contaned no or oly
small amounts of 1gG and few other proteins
whereas sigmificantly more 1gG and other proteins
were assonated with the Tver ussue from patients
with vanous carcinomas However this was not
charactenisc for such lver ussue since liver tisste
{rom patents with non mahgnant diseases showed
simular results

The spacteum of protems Present i euates of
hver metastases and cancer free Liver tssue from the



examination was routinely performed at the Department
of Pathology

Scra

Scra were obtaned from 14 of the autopstes and
preoperatively from all the patients at the Department of
Surgery Pooled human serum (PHS) was prepared from
20 blood donors Isolated 1¢G was purchased from A/B
Kabr Stockholm

Antisera

Antiserum to PHS (antt PHS) was raised 1n rabbuts by
subcutaneous mjections of PHS mived with Freunds
adjuvant For the first injection complete adjuvant was
used and for further injecttons incomplete

Antisera to human ay foctoprotein haptoglobin a2
macroglobulin ay antichymotrypsin ey antitrypsin {i
brinogen  f2 lipoprotein C3/C3¢ (B1C B1A globukin)
C4 (B)E globulin) Clinacuvator (C1 INH) Clg 1eG
1gM and 1gD were purchased from Behringwerke AG
Marburg Lahn W est Germany Antisera to human IgA
carcinoembryonic anugen (CEA) albumin and B
microglobulin as well as an antiserum to human gamma
kappa and lambda chains were purchased from DARO
immunoglobulins Copenhagen
Fxtracts and Eluates

Extracts and cluates were prepared as described
presiously (10) In briel the tissue was homogenized 1n
phosphate buffered saline pH 7 2 (PBS) (four times wet
weight) for 1 rmin in 2 Servall Omni Mixer at circa 0 °C
and centriluged at 20000 x ¢ for 20 min The superna
tant beneath the lipid layer was collected {extract) Two
10 3 grams of ussue sediment was resuspended n PBS
containing 0 05 per cent Na azide placed between glass
fiber filters 10 a short glass column and washed in a
continuous upward flow of PRS unul the optical densuy
(OD) at 260 nm of the effluent was below 005 After
washing a control sample of the effluent was collected
The column was then submerged in a waterbath at 56 °C
and the ussue eluted m a conunuous fow of PBS
{56 °C) monntored by the OD of the effluent Control
fluids and eluates were concentrated to between | 0 to
30 m! using Amicon Diaflo UM 05 filters There was
no loss of proteins during the concentration procedure as
measured by spectrophotometry
Fey Receptor Acnan (FcRA) in Tissuc Scctions

FcRA 1n ussue sections was demonstrated as previ
ously (7) using the microculture (hanging drop) shde
techmque (5) The indicator cells were sheep erythrocytes
(E) sensitized with varying amounts of rabbit [gG anu E
(A) evp as umits One
unit 15 defined as the amount of the highest ditution of A
which agglutinates an equat amount of a 1 per cent
suspension of E The strength of the haemadsorpuon was
rated by referring to the agglutinaung units of A on EA
which produced a reaction on the section

Preapitation
The double diffuston test was performed n | per cent

agar in PBS as previously described (9) For invesuga
tion of Ciq 0 5 per cent agarose in PBS was used Sera
extracts or eluates were applied 2 h prior to the addition
of the antiserum
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Crossed Immunnelectrophoresis (CIE)

CIE was performed as described by Heeke (6)
Varying amounts of antisera extracts or eluates were
used to obtain opumal precipitation conditions An
intermediate  gel contatning appropriate amounts of
speaific anusera was used (o identify the various
protetns

Quanufication of 1gG and Albunun
I1gG and albumin m sera extracts and eluates were
using single plates from
Behringwerke AG The lower limit of detection was 10
mg/l which corresponded to circa 6 mg eluted 1eGrkg
wetussue The ratio of the contrations of albumin to [eG
in sera  extracts and eluates was calculated The
reductron of the ratio was calcufated as preciousty
described {8)

Stanstics
Wilcoxon s two sample test was used throughout

RESULTS

Albumin was the only protemn detected in all eluates
Significantly more IgG was eluted from liver tissue
from patients with non malignant diseases than
from healthy contro! mdivduals (p= 0 05) (A and
B Table 1} There was no sigmificant difference
the eluted amount of IgG between liver issue from
patients with non malignant and witt malignant
disease (p=020) (B and C Table 1) but more
eluates of the latter also contained IgA haptoglobin
1 antitrypsin and a; antichymotrypsin The eluates
which showed the highest concentration of albumin
also contained most of these additional proteins In
eluates of cancer ussue from 9 of the 10 patients
twice as much 1gG or more was obiasned than from
their Iiver tissue From one patient a similar amount
of IgG was eluted from the two types of ussue For
the group examined the difference between the two
types of tissue was hghly sigmificant (p=001) (C
and C2 Table 1) More of the eluates of the cancers
contained IgA and fewer contamned haptoglobin
when compared to the eluates of the cancer free
Tiver tissue

Ustng non perfused kidneys the same amount of
1gG was eluted from cancer fre¢ renal tissue and
from cancer tissue Several other proteins were also
present but no differences were found between the
two types of eluates (D and D? Table 1) After
perfusion fewer protems Wwere detected mn the
eluates (E and E? Table 1) In addition the amount
of albumin was sigmificantly lower in efuates both
from the cancer of the kidney (D?and E(p=002)
and from the cancer free renal tissue (D and E)
(p<00l1) as was the amount of 1gG m eluates
from the cancer free renal tissue (p="003) ""‘z;
ever perfusion did not influence the amount of g
eluted from the cancer ussue



TABLE t 1eG ond Other Scrumt Protetas ot Eluaies

Tl

of Various Normal and Malpnant Tissucs

Numbet of etaatet conta Tng

N m . ottt st attatmen®
o apanie i
* no Euedisc 16 WY e tun cwooinpun ARV
- —————————— - N —
o 8 <6 t<é-lon 2 M 3 i uss e
e 3 sy F H H 1w s arnt
Can (< H
Cane [ ver et ] % Semir w3 s s s w8 e sy
oo ot e s 40 € 12-g0x I 1 i 3 34 usaesr
G of Suioey 5 €0 11550 s o0 : H [t
Comar e renaivsve erfissh 6 4 (e ¢ 00 0 H R S e A
Canors of O dsey Perfused & 6 20-$5F 6

Y 1nmp/\g wet homoRenized tssue trcdian and Tange
) Same letter 1ndscates Ussue from the same organ

Since perfusion significantly reduced the amounts
ewed of protems non ty

spersenpis mean thay the taes are sigmificantiy

C3 C3 armacrogiobulin  fibrnoges and fx

bound different washing and elution procedures
ustog, bymogetuzed 1Ssue were compated Two of
the homogentzed non perfused cancers and cancer
free tissues were washed at 20°C for 2 h before
washueg at 4 °C The tissue was then eluted at 20
37 45 and 56 °C successively The results were
compared 10 those Obtamed when the tissue was
¢luted at 56 °C only Most proteins were eluted at
$6°C and simdar amounts of 1gG and albumin
et eluted afier wastimg 3 30 °C 252 4°C only
The ratio of albumin 1© IgG th extracts and
€luates was calculated A stmdar ratto m eluates and
corresponding extracts would indiate aon spectfic
bindiog of 12G 10 e tissue while 2 reduced ratio
»ould indicate specific binding Al €luates of the
‘cancer of the kidney and cancer fre€ renal bsspe a3
well as § of the liver metastases showed a reduced
TS Sihereas oty 2 of the cancet free hver nssues
@id The other 8 cancer free hiver Ussues as well a5
4l the other hver tissues and the remaynng 2 lver
metastases showed @ sumiar of wireased tat
Two of the carcnomas of the kidney were
<ivided 1nto the central and subcapsutar aceas befors
£lulon There were no differences between the
eluztes from these 2 parts of the tumours The
el wn, TRNNRT WSue totmed 2 svlopsy 20l

2t surgery were also compared No d were

)W,\’H elgates were also tested 1 CIL wsing ant
PHS  the gel 2nd vatious manosteatfic 2ntisera in
the tntermeduate gel Up to § dufferent protemns were
sdentified with no differences between the cncer
nssue and the cancer Jre¢ ussuz Trom e Same
organs

FCRA was detected in stlions of 21 aronemas
and livers but not m sections of cancer free renal
wssue The amount of eluted 1gG was plotted
agamst e $ezter of FoRh an the cosvesponding
ussue sections No relationship was found

DISCUSSION

The aim of the present ftudy Was to \nvestigate
whether there were quanutauve or Quaftitative
differences between 1)hiver ussue from normal
controls and Srom pauents wnh cancer of non
e e
fo 1 v v
[ .
cdiuliollias UL the kidney
tissues were Used
As previously shown (8 10} eluates of tiyer
tissue from control individuals contamed no or only
smalt amounts of 1gG and few other protemns

and cancer-free renal

found \C? Diand E2 Tavle 1
CEA was detected 1n estracts and etuates of the
cancers only and 8y microglobulin only 1n the
eluates of the cancers and m €luates of e cancet
Iree yena) issue
The following proteins weee not found 1 any of
theefuates oy foetoptoten 1M 15D Clg €1 INK

whereas i more {3G angd other proecs
Were associated with the Siver tssue from panents
With varous carcinomas However this was not
characteristic for such hver tssue stnce Tever tissue
from pavents with non makignane diseases showed
Simlar results

The spectrum of protesns present m eluates of
liver metastases and cancer Tree liver tissue from the



examnation was routinely performed at the Department
of Pathology

Sera

Sera were obtamed from 14 of the autopsies and
preoperauvely from all the patients at the Department of
Surgery Pooled human serum (PHS) was prepared [rom
20 blood donars Isolated IgG was purchased from A/B
kabt Stockholm
Antisera

Antserum to PHS (anti PHS) was ratsed in rabbits by
subcutaneous njections of PHS mixed with Freund s
adjuvant For the first injecuon complete adjuvant was
used and for further injections incomplete

Antisera to human a foetoprotem haptoglobin a
mactoglobulin ) antuchymotrypsin a1 antitrypsin i
brinogen B hpoprotein  C3/C3c (BiC A globulin}
C4 (B4E globubin) C1 1mactivator (Cl INH) Clg T1eG
IgM and IgD were purchased from Behringwerke AG
Marburg Lahn West Germany Antisera to human IgA
carcinoembryonic antigen (CEA)} albumm and gy
nucroglobulin as well as an antiserum to human gamma
kappa and lambda chains were purchased from DAKO
immunoglobulins Copenhagen
Extracts and Eluates

Extracts and eluates were prepared as described
previously (10} [n brief the ussue was homogemized 1n
phosphate buffered saline pH 7 2 (PBS) (four umes wet
weight) for 1 min 1n a Servall Omm Mixer at circa 0 °C
and centrsfuged at 20000 ¥ ¢ for 20 min The superna
tant beneath the ipid layer was coltected {extract) Two
to 3 grams of ussue sediment was resuspended 1 PBS
contaimng 0 05 per cent Na azide placed between glass
fiber filters n a short glass column and washed 1n a
continuous upward flow of PBS unul the opucal density
(OD? at 260 nm of the effluent was below 005 After
washing a control sample of the effluent was collected
The cotumn was then submerged 1n a waterbath at 56 °C
and the tssue eluted 0 a continuous flow of FBS
{56 °Ci moniored by the OF of the efffvent Coneral
fluids and eluates were concentrated to between 10 to
30 mt using Anucon Diaflo UN 05 filters There was
no loss of proteins during the concentration procedure as
measured by spectraphotometry
Fey Recepor Actnan (FeRA) i Tissue Scctions

FcRA 1n ussue secttons was demonstrated as prevy
ously (7) using the microculture (hanging drop) shde
techmque (5) The indicator cells were sheep erythrocytes
(E) sensttzed with varying amounts of rabbit IgG anti E
(A) as units One
unit 15 defined as the amount of the highest ditution of A
which agglutnates an equal amount of a | per cent
suspension of E The strength of the haemadsorption was
rated by referring to the agglutmating units of A on EA
which produced a reaction on the secton

Preaputation
The double diffusion test was performed 1n | per cent

agar 1n PBS as previously described (9) For invesuga
tion of Clq 0 5 per cent agarose 1n PBS was used Sera
extracts or eluates were applied 2 h prior 1o the adduson

of the antiserum

NG

Crossed Immunoelectrophoress (CIE}

CIE was performed as described by Heeke (6)
Varying amounts of antisera extracts or efuates were
used to obtan optimal precipitaion condittons  An
intermediate gel contaimng appropriate amounts of
spectfic antisera was used 10 dentsfy the arious
proteins

Quantificanion of fgG and Albumn
186G and albumin 10 sera extracts and elvates were
fied using single plates from
Behringwerke AG The lower limit of detection was 10
mg/1 which corresponded to circa 6 mg eluted 1eG/kg
wettissue The rauo of the contrations of atbumin 1o 13G
tn sera extracts and eluates was calculated The
reduction of the ratio was calculated as preciously
described (8)

Stanstics
Wilcoton s two sample test was used throughout

RESULTS

Albumin was the only protein detected 11 all eluates
Sigmficantly more IgG was eluted from liver tissue
from patients with non malignant diseases than
from healthy control individuals (p = 0 05) (A and
B Table 1) There was no significant difference 1
the eluted amount of IgG between lver tssue from
patients with non malignant and witt malignant
disease (p—020) (B and C Table 1} but more
eluates of the latter also contained IgA haptoglobin
@ antitrypsin and a; antichymotrypsin The eluates
which showed the highest concentration of albummn
also contained most of these addsttonal proteins In
eluates of cancer tissue from 9 of the 10 patients
twice as much 1gG or more was obtained than from
their Iiver tissue From one patient a similar amount
of 1gG was eluted from the two types of tissue For
the group examined the difference between the tvo
types of tissue was highly sigmificant (p =0 01} (C
and C? Table 1) More of the eluates of the cancers
contamed IgA and fewer contamned haptoglobin
when compared to the eluates of the cancer free
liver tissue

Using non perfused kidneys the same amoutt of
IgG was eluted from cancer free renal tissue and
from cancer tissue Several other proteins were also
present but no differences were found between the
1wo types of eluates (D and D? Table 1) Aler
perfusion fewer protems were detected m the
eluates (E and E? Table 1) In additron the amount
of albumm was sigmficantly lower i eluates both
from the cancer of the kidney (D?and E(p =002}
and from the cancer free renal tissue (D and E)
(p<001) as was the amount of IgG eluates
from the cancer free renal ussue (p=003) Ho®
ever perfuston did not influence the amount of Ig6
eluted from the cancer tissue



TABLE | /¢ and Othur Scrum Pevietns in Eluates of $anous A ool gnd Aalignsar Tusstes
Nombey of eldstes comes mng
'
Toul Elusod stbam
Qe (! tape s e e
" - WO BN en mpun ymangn ATUTR
e Cooamm 19 3 1 pER
3 3 17306210 H FR e
v st 10 RIe ] s t i W& s A
et - D B S S S S S S
4y & »
Conar o e et 5 40418 80% 50t t 4 H s b o5 sy
Carcer free renalussun perfoned & "of e 5 80 2 2 8 o e
Cancarof e Lidney pertused ® W4 SR PR Y v o
0} lpwefi g wet hamogenszed tissue median and ange
) §ame letter indicates tissuz froms the same organ
I} Uset tssue from pattents with non malignant diseases fee 1w

' Cander free fenae hissue frotn patients wuth hiver priastases,

ab¢mTusves AC andb ¢ & Troswes CE o
dilfecent (p <0 05) {W sl.oson s two sample rest)

Since perfuston sigmificantly reduced the amounts

flerent Superniis mean that (he tnsues are aghificantf

€3 C4 armacioglobulin fibrinogen and pr

fluted of protemns non §p ly
bound different washing and eluton prodedures
tsing homogenized tssue were compared T»p of
the homogenved pot-petfused cancers and cancer
free ussues were washed a1 20°C for 2 h before
washing at 4 °C The ussue was then eluted at 20
37 45 and $6 °C successively The resulls were
tompared to those obtamed when the yssue was
eluted at §6 °C only Most proteins werg eluted at
56°C and stmilar amovats of 1gG and albumin
were ehuted after washing at 20 °C asat 4 °C only
The tauo of albumin to 1gG m exyracts and
huates was calculated A sumitar 1200 elvates and
Sorrespondieg extracts would mdicate non specific
binding of 1gG 1o the tssve while a reguced ratio
would indicate spearfic binding All eluates of the
€ancer of the kidney and cancer free renal hissue as
Wellas B of the liver metastases showed a reduced
Tatio Whereas only ? of the cancer free Jver tissues
did The quher & cancer free liver tssues, as well 25
U the other Wwer tissues agd the semaintng 2 hver
ewastases showed a similax of wnereased rauo
Two of the carcinomas of the kidney were
hivided inta the centtral and subcapsular afeas before
tuuon There were no differences between the
Mates from these 2 paris of the wmouts The
Fesults using cancer tissue obtaned at atopsy and

At surgery were also compared No diffe werg

All ehuates were 250 tested 1 CIE using ants
PHS i the 02 and sactaus monospecilic antisera 1
the intermediate gel UR to 8 different protems were
wentfied with no differences betwesn the cancer
ussue and the cancer free hissue from the same
organs

FcRA was detected In <ections of all carCinomas
and livess but fot 1n Secuons of cancer free renal
ussue The amount of eluted IgG was ploted
agawast the degree of FcRA w the corresponding
ussue sections N relationshep was found

DISCUSSION

The aum of (he present study Was ta invesyigate
whether there were quantitauve or qualtmative
dufferences between {lwer twsue frome normay
canteols and (fom patients with cancer or non
meligront deases 2 2) cances ussae and Canter
free tissue from the same organ For this purpose
eluates Trom different hiver tissues hiver metastases
car¢inomas of the kidney and cancer free recal
15sUes Wwere nsed

As previously shown (8 10) eluates of Iyver
sassue f50m control individuals contared 10 or only
small amounts of 15G and few other Proweins

found (C2 D2and 2 Table 1)
CEA was detected m extracts and eluates of the
ancers paly 2nd Primciopivbein only 1 the
eluates of the cancers and 1n eluates of the cancer
{ree rena) Lsue
The foffowing proteins were not found w any of
theeluates ay foetoprotein 1eM 1D Clg Q) INH

whereas more 12G and other protemns
were assotiated with the hiver ussue from pattents
with vantws tarcmomas However this was not
<hatacterisuc for such hiver Ussue since hiver usste
from patienis With non mahignant diseases showed
stmdar tesuls

The specirum of protems present i eduates of
liver metastases and cancer free liver ussue ffom the



same organ was similar confirmmg the results
obtained by Romsdal & Cox (3} They used low pH
eluates of sarcoma tissue and control liver tissue
from the same patients and found that except for
IgA the same proteins were eluted from the o
types of tissue Our results further showed (hat
significantly more 1gG was eluted from the
metastases than from the cancer free liver ussue
This suggested that more IgG was bound to the
malignant tissue To further assess whether this
1gG was non specifically attached to the tissue
albumin was used as a marker (8) The results
obtained by comparing the ratio of albumin to 15G
m eluates and corresponding sera or extracts
supported the notton that more IgG was specifically
bound to the malignant tissue
To further investigate this point carcinoma of
the kidney and cancer free renal tssue were studied
since the kidney could be perfused after removal by
surgery No differences were found using eluates of
non perfused organs However, perfusion removed
some of the IgG from the cancer free renal tissue
whereas no IgG was removed by perfusion of the
malignant tissue Accordmgly most of the IgG
assoctated with 19 of the 21 tumours appeared to be
specifically bound exther to antigens or to Fey
receptors (FcR) In contrast most of the 1gG
assocrated with the cancer free tissues was appar
ently non specifically bound
No definite evidence was obtained for 1gG bound
to FcR 1n cancer tissue extending previpus resulls
(7) This may indicate that the IgG 1s bound to
antigens The antigens need not be tumour antigens
since auto anttbodles are present in sera of cancer
patients (2) and since some of the IgG 1s speaifically
pound $0 canter {tee senal tissue whese no FCRA
could be demonstrated Our results differ from
those presented by Wood et al {11) They claim that
a sigmificant amount of Ig 1s bound to FcR
tumours from the centrai nervous system This
discrepancy can be due to the differing types of
tumours employed
Perfusion of the kidney removed most of the
protetns other than Ig from the tissue showing that
these proteins were non specifically bound How
ever with the use of non perfused tissues most of
these proteins were eluted at 56 °C indicauing that
non specrfically bound protetns were comparatvely
firmly attached 10 the tissue Evidently thourough
washing of tissues at 37 °C does not remove al
non specifically bound 1gG as claimed by others
(11) The best way to remove the nou specifically
pound proteins seems 0 b‘e perfuston of the organs
after removal
lm’?‘;: 1:::)); amount of 1gG was eluted from the
cancer tissues obtatned at autopsy and at surgery

=3

showing that tumours obtatned at autopsy can be
used to study tumour associated JgG The resuls
obtamned using the central and the subcapsular part
of the malignant tissue suggested a umiform
distribution of proteins in the trssue

The presence of 2 microglobulin 1n eluates of
malignant tissue 1s of iterest Increased Jevels of, 53
microglobulin are found in sera of patients with
cancer (1) and 1t has been associated with tumour
antigens (4)

Dr Finn Busenberg 1s a fellow of The Mornegran
Research Council for Seence and the Humartres (grant
no CO01044) We thank Miss W ibecke dasnas and
Mrs Twrid Tynneng for excellent technical assistance
and statistican Roh Skjarien EDP section the Medical
faculty University of Bergen for statistical advice
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buman carcinomas IgG eluted from 21 of 29 wmours bound to the autologous ussue The hindmg
was mediated through the Fab poruon and the bound [gG had an tntact Fe poruon Most etuted 136
bound to the autofogous ussue but binding was a!so seen 1o other farcinomas of the same type as well
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the 21 tumours contained 12G with @ broad tissue reactvity The cluates of a} the remaming 3
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Antibodies to human tumours have been detected
0 the serum of the tumour bearing patients (for
review see ref 4) This does not necessanly mean
that the antibodies are present on the tumours /1
st {for vevew see e 18) However Gupra &
Morton (3) reported evidence for 2 vno binding of
spearfic anubodies to human melanoma Romsdah!
& Cox (11) showed that Ig eluted from human

UM o€ man a4 A

o

O w1 01 KIL 1B SERIT 8O be non-Spectfically
bound to the tissue 1eG was also eluted from
cancer free ussue from the same organs (17) In the
present work the ssue reactivity of I3G etuted
from human carcinoma and from cancer free
ussues was studied Evidence was obratned 1 the

IgG eluted from the carcimomas bound to both
aviologous and homologons tissues as well as to
cancer free nssues

MATERIALS AND METHODS
Tissue
Spetimens were from the same ussaes as % ere used 1n
previous studies having been stored at ~25 °C {16 17
Mewstases fcom 19 dulferent carcmomas of wiich 4
also mctuded the primary tymour were obtamed from
the Depariment of Pathology OF these 19 cancer free
liver tissue was obtained from 9 hivers with merastases
from cCarcinoma of the pastro intestinal tract Control
tissues were obiained from 8 livers from partents w

oL AT

10 kidneys were

Larcinoma and cancer
ahaned 3 the D

free ussue from



Extracts and Eluates

Extracts and eluates were the same as used previously
{16 17) having been stored at —25 °C The preparation
has been described 1n detail elsewhere (16) In brief the
ussue was homogenized in phosphate buffered saline pH
72 (PBS) (four times the wet weight) for | mn 1 a
Servall Ommmuxer and centrifuged at 20 000 X g for 20
mn The supernatant beneath the lipid fayer was called
the extract The tissue sediment was resuspended 1n PBS
placed between glass fiber filters 1n a short glass column
and washed 1n a continuous upward flow of PBS After
washing the column was submerged 1n a water bath at
56 °C and the tissue eluted in the continuous flow of PBS
at that temperature Two h was the usual ume needed for
efution of the ussue The eluates were concentrated to
between 1 and 3 m} using Amicon Diaflo UM 05 filters
The different protens found m these eluates has been
reported (14 16 17) The eluted ussue sediment was
centrifuged at 20 000 % g for 20 min snap frozen 1n
liquid nitrogen and mounted on specimen holders for the
preparation of cryostat sections

Enithrootes
Human OR R erythracytes (O} and sheep erythrocy-

PBS they were 1ncubated with the appropriate indicator
cells for 30 min using the microculiure shides (hanging
drop slides) for the detection of Fey receptor acuvy
(FCRA) as described previously {13) The indscator cells
were

B Bt pd as bridge A 1% suspengion of E m PBS
was incubated with a 1/4 aggluttnaung unit of A for 30
min at circa 20 °C (EA) (One agelutinatng unit 1s
defined as the amount of the highest ditution of A which
agglutinates an equal amount of a 1% suspension of E)
The EA were washed 3 umes and were resuspended to 2
1% suspension in PBS contaming | pg pA/m! which
was the lowest concentranon of pA giving an optimat
reacuon The suspension was left for 30 min at crca
20 °C The cells were washed J ttmes and resuspended (o
2 1% suspension 1n PBS containing 10 mg BSA/ml
(PBS BSA)(EA pA)

2) Wauth ann-Ig as bridge A 10% suspenston of O
was 1ncubated with an excess of anu D at 37 °C for 20
min (OD) and washed 3 times 1n PBS A 1% suspension
of OD 1n PBS was incubated for 30 nun at 20 °C with
pepsindigested rabbit ant human Ig diluted to 1/100th
of the antiglobulin titre dduuon This dilution gave the
opumal reaction The cells were washed 3 imes n PBS

tes (E) were obtained and handled as pr 1
desctibed (15} In some experiments washed O and E
were centrifuged at 6 000 % g for 10 min the pellet snap
frozed 1n hiqwid mitrogen and then mounted on specimen
holders for the preparation of cryostat sections Washed
O and E were also treated with formaldehyde (7) and
then lyophitized

Scra and Other Reagents

Samples of patient sera were from the same sera as
were used previousty (16 17) The human control serum
used was from a pool of sera (PHS) from 20 blood
donors Isolated 1gG was purchased from AB habi
Stockholm Anusera to human Ig were raised 1n rabbus
by subcutaneous immunization using a muxture of
isolated 1gG 1n Freund s complete adjuvant Antiserum
to E (A) was raised in rabbits by intravenous
immunization  FITC conjugated rabbit anth human JIg
was purchased from DAKO immunoglobulins Copen
hagen The specificity of the rabbit antisera was checked
using the double diffusion test 1 agar Human ant D
was kindly provided by the Bfoad Bank Haukeland
Hospital Human sera contaming 1gG antibodies to heart
muscle and sections of rat heart muscle were obtained
from the Department of Microbiology When stated the
sera were pepsin digested according (o Stewart er al (12}

Protein A (pA} was isolated from Srapinlococcus
aurens lstramn Cowan 1) and was tested for acuvity
accordmg 1o Groy er al {2}

Bovine serum albumin (BSA
purchased from Armour Pharmacentical Company

Eastbourne England

fraction V) was

Mived Hacmagglutnaton (MA) Technique
Cryostat sations pretreated as stated under Results
were tncubs ¢d with eluates extracts or sera n a moist

chamber at cira 20 °C for 60 min After wasfng 1

314

and wal% in PBS BSA (OD
antr Ig}

OD were also tncubated with pA and used as 1ndicator
cells for MA  However (hese indicator cefls had a
tendency to stick to the glass or to non reactive tissue
The EA pA cells were therefore used

To check the reactivity of the indicator cells they were
tested against selective tissues as shown 1n Table 1 EA
PA detected only whole IgG bound to the sections
whereas OD anti Ig detected both whole and Flab}» of

1sG

Immtunofluorescence UF) techmaque

Cryostat sections were pretreated as stated under
Results They were then incubated with eluates exracts
or sera for 60 mun 1 @ most chamber and washed 10
PBS Afterwards they were incubaled with FITC
conjugated antt human Ig for 30 mm at arca 20 °C
washed 1n PBS and mounted m 50% glycerol in PBS
The sections were examined using a Leitz Orthoplane
M equipped for with a Lewz
vertical 1llummator

To check the reactivity of the IF selected tissues were
sed as showp 1n Table 1 Both whole IgG and Flab )y of
1gG were detected

151 pa

pA 200 pg was labelled with 2 mCy 1251 (Insutute
for Alomenergy Kjeller Norway) using the chloramn
T method as described by Hunter {5} The free 125] was
separated from the 50 pA using a Sephadex G 25
column The fracuons contaaing 151 pA were pooled
and diluted to 20 ml {10 pg 1’5t pA/ml) and stored 10
0 | ml volumes at =25 °C unuf used

Radiormmunoassas (RIA)
Tissue sediment eluted at 56 °C was lyophilized A
triplicate of § mg of dried sediment was used for each



f Rar Hears or Human and
agglunanion and Indirect fmmusofluarescence with Sections of
TABLE! ""?ZQ“ET, lifu‘;,wx Incubated wsth Sera Comamng $¢G Anuboddies or £lab ) Anpbodics

Maxed 1 >y
Setis of ynesred wit A pAl QD anu Ig)
1

Ravtean hygan 12 antt heart 256¢) 125566 és%

Rashears Fab)20f anus heant s<; Be b5

Human Qery ant 1 12 25
WumanOery Fablrof200 D S 5(. e

Sheep ery (E) rabbut 12G anu E 2048 4 b

Shezp ery (E) F(ab )~of anu E <4 <4

{
Indrcator cells ) Sheep erythrocles sensitized with rabbit smmune (3G {EA and pA (EA o Al
b 2} H{uman €) ery sensized with buman ant D (OD)and Flab ); rabbrt znts human 120D anu 18}

FITC labelled ants human Iz

< Reciprocal of ¢he fughest dyfation of anlibody contaiming serum giving Feaction

elugte tested To avoud non specific biading of proteins 10
the qssue the sediments were first resuspended in PBS
contmng 0 03% Tween 20 (PBS Tagh (1) and Vet for
20 min The wbes wese then centnfuged for S mun at
1000 x g The sediment was resuspended 0 0 2 ml of
the corresponding eluate extract ar serum The suspen
sion was incubaed for 60 min at arca 20°C
Afiecnacds the sedments were washed 3 times by
centnifugation 1 1 000 X g 1 PRS T2 and incubated
with Ot g €25(pa 1n 03 m of FBS T o for 60 mum at
nca WOC THR ebumeins HATE When Hasted agpm 3
tmes and the acuvity counted 1n 2 gamma coumer
{Avo LOGIC Abbot Labs} The resubis were epres
sed as mean cpm of the triplicate samples The controls
Tor the R14 were E sensmzed with varying amanats of
A O sensized Wath an excess Of antt D and 5 mg of
Tyophilized E or O tncubated with varying amounis of A
and ants D respecyvely

A BRI gung yssug Secuans was (ied dut was nat
sugeessfyl

RESULTS

Demonstraton of Tissue Bound Ig

Ig was detected 1n washed ussue sediments of
homogernuned tssue using W 3 sechmgues (MA IF
and RIA) and i washed secuons of untreated
ussue uwsing MA and IF These sections were
washed 1n PBS at 20°C for 30 oun fucther
Bashing did not reduce the reacton With the
Sectons  Fruorescence was manty located 10 the
surface of the cells

Recombinauion of Eluted Ig to Tissue

Using eluted autologous ussue sediments no
binding of 1he ehnted Yo was obtained as reveqled oy

Iz 1n the corresponding

extracts of séra bind The lack of reactvity of 1g 1
efates extracts and sera could however be due to
destruction or elution of anugens during te 2 b
elution procedure Secuons of untreated mahignant
ssue were therefore eluted in PBS at 56 °C unttl no
Ig could be detected véing MA or IF The ume
needed was 30 mun The eluted Sections were then
ncubated with eluates extracts and sera The Jg
bound to these sections If the secuons were eluted
& 1 8 pot © wottavon wo edwg W
obtamed The IF was diflicult to read using ¢luted
usse sections due to mon speaific fluorescence
whereas MA was easy to read Furthermore
titrayon experiments using different antisera (Table
13 e MA was sty mote sensiave than YF 42
utration steps) Therefore MA was used 10 the
further studies and the results grven were the mode
or the median of theee or more repeat EXpenments

The Ig eluted from normal tssues and from hver
uissues from patients with non mahignant discases
& not bind to the autologaus tissue

Characters anon of the Binding of Ehuted Ig to the
Tissue

Three efvaies which bound strongly 1o the
autologous tissue Were pepsta digested  Sections
were incubated with the digested preparations ang
then tested in MA When EA pA was used as
indicator cells N0 reaction was obtamed whereas
OD anti Ig gave the same reactions as seen with
sections meubated with undigested ejuates Accor
dingly the binding was teduated through the Fab
Potuon of the 1

™~ o
o
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Exiracts and Eluates

Extracts and eluates were the same as used previously
(16 17) having been stored at 25 °C The preparation
has been described 1n detaif elsewhere (16) In briel the
fissue was homogenized in phosphate buffered saline pH
7 2 (PBS) {four tmes the wet werght) for 1 mm m a
Servall Ommimixer and centrifuged at 20 000 X g for 20
mun The supernatant beneath the lipsd Jayer was ealled
the extract The tissue sediment was resuspended 1n PBS
placed between glass fiber filters 1n a short glass column
and washed 1n a continuous upward flow of PBS Afier
washing the column was submerged 1n a water bath at
56 °C and the ussue eluted 1n the continuous flow of PBS
at that temperature Two h was the usual time needed for
efution of the fissue The eluates were concentrated to
between 1 and 3 ml usimg Amicon Diafio UM 05 filters
The different protens found m these eluates has been
reported (14 16 17) The eluted tissue sediment was
centrifuged at 20 000 % g for 20 aun snap frozen
Iiquid mitrogen and mounted on specimen holders for the
preparation of cryostat sections

Enthrocyies
Human OR Rz erythrocytes (0) and sheep erythrocy

tes (E) were obtamed and handled as previously
duseribed (15} In some experiments washed O and E
were centrifuged at 6 000 x g for 10 min the pellet snap
frozed 1n hquid mitrogen and then mounted on specimen
holders for the preparation of cryostat sections Washed
O and E were also treated with formaldehyde (7) and
then lyophilized

Scra and Other Reagents

Samples of panent scra were from the same sera as
were used previously (16 17) The human control serum
used was from a pool of scra (PHS) from 20 blood
donars Isolated 18G was purchased from AB hab
Stockholm Anuisera to human Ig were raised in rabbis
by subcutaneous Immumizaton usig a nuxwure of
olated 1gG 1n Freund s complete adjuvant Antiserum
© F (A} was rasud n rabbus by intravenous
immumzation  FITC conjugated rabbit anti human Ig
was purchased from DARO mmunoglobuhins Copen
hagen The specificity of the rabbit antisera was checked
using the double diffusion test 1n agar Human anti D
was kindly provided by the Blood Bankh Haukeland
Hospual Human sera contaiming 1gG antibodies to heart
muscle and sections of rat heart muscle were obtained
from the Department of Microbiology W hen stated the
sera were pepsin digested according to Siew art ¢t al (12)

Protein A (pA} way wolated from Staphylococcus
atrcus {stran Cow i 1) and was tested for acuvity
according 10 Grov ¢t al (2)

Bovine serum albumm (BS\ fracuon V) was
purchased [rom Armour Pharmaceutical Company

Eastbourne England

Mixed Hacmaggtutnation (MA) Techniqtic .

Cryostat sccuons pretreated as stated under Results
were mcubated with eluates extracts of sefa in a moist
chamber at cirea 20 °C for 60 mn Alter washing tn

a14

PBS they were icubated with the appropriase indicator
cells for 30 min using the microculture shides (hanging
drop shdes) for the detection of Fey receptor acuvity
(FcRA) as described previousty (13} The indscator cells
were

1} #uh pA as bndge A 1% suspension of E in PRS
was incubated with a 1/4 aggluunating unit of A for 30
min at circa 20 °C (EA) (One ageluunaung umt is
defined as the amount of the highest dilunion of A which
agglutinates an equa) amount of a 1Y suspension of E}
The EA were washed 3 tumes and were resuspended 10 a
19 suspension n PBS contaiming | pg pA/ml which
was the lowest concentration of pA giving an optimal
reacion The suspension was left for 30 mun at arca
20 °C The cells were washed 3 umes and resuspended to
a 1"t suspension 1n PBS comaimng 10 mg BSA/ml
(PBS BS \J(EA pA)

2) Wuth ann Ig as brdge A 109 suspension of O
was tncubated with an excess of aat D at 37 °C for 20
mun (OD) and washed 3 times 1n PBS A 1% suspension
of OD 1n PBS was incubated for 30 nun at 20 °C with
pepsindigested rabbit ant buman Ig diluted to 1/100th
of the anuglobulin utre dituion Tius dilutian gave the
optimal reaction The cells were washed 3 times m PBS
and resuspended to a [ "% suspenston in PBS BSA (QD
antt Ig)

OD were also incubated with p \ and used as indtcator
cefts for MA However these tndicator cells had 2
tendency to suck to the glass or (o non reactnve tssue
The EA pA cells were therefore used

To check the reacuvity of the indicator cells they were
tested against selective ussues as shown i Table I EA
p\ detected only whole IgG bound to the sections
whereas OD antt Ig detected both whole and Flab hof

156

Immunofiuorescence (IF) wchmque

Cryostat sections were pretreated as stated under
Results They were then incubated with etuates extracts
or sera for 60 mun 0 a morst chamber and washed 10
PBS Afterwards they were incubated with FITC
conjugated anti human lg for 30 nn at cirea 20°C
washed 1n PBS and mounted in 50 ¥ glycerot 10 PBS
The sections were examined using a Leqz Octhoplant
M equipped for with a lenz
verucat tunmnator

To check the reactrvny of the IF sclected tissues were
psed as shown 1n Table t Both whote IgG and Flab hof

IgG were detected

151 pA

pA 200 pg was labulled with 2 mCi 129] (Instatute
for Atomenergy Ageller Norway) using the chloramn
T method as described by Hunicr () The free 1251 was
separated from the ! 1pA using a Sephadex G 15
column The fractions conwining 1251 pA were pooled
and diluted to 20 mi (10 pg }*S1 pA/ml) and stored in
0 | ml volumes at 25 °C unul used

Radit smmurnoassas (RIA) \
Tissue sediment eluted at 56 °C was Iyophihzed

tpphicate of § mg of dried sedtment was used for each



d Cancer free Tissue from the same Organ The
futmati m@ with Secti ns ¢f Carcinoma am
TABLED el I.é::v"nn:igll::rr Eluscd at 56 °C { r 30 min pri ¢ o Incubus on with the Fluates

o of umours grng

posasnd e Ade N
Carcinoma of the kidney Carainoma of the kidney 4 4 2
Carcinoma of the kidney Cancer free renal ussue 2 & 2
Cancer free cenal tissue Carcinoma of the kidney i 6 3
Cancer free fenal ussue Cancer free renal ussue 2 s 3
Liver metastases Liver metastases 3 4 2
Liver metastases Cancer free Liver tssue 1 3 5
Cancer free iver tissue Liver metastases o 6 3
Cancer freeliver ussue Cancer free ver tssue 0 5 4

* Indicator celts OD anit fg (see Table 1)
) Reaction compared to non-etuted tissue sections (<ee tett)

TABLE 4 Afixed Haemagglut nat on wath Sect ons of
Carcinomas of the Kidney Incubated with Eluates of the

Tissuea)
Tissue from carcinoma No
Eluates from
carcimoma No 2 3 3
1 * - . .
2 + + + +
3 + + +
4 N -~ + .

-_
* Indicator cells OD an Ig (see Table 1}
* Binding of idicator cells

o biading of indicator cells

the gastro mtestinal tract also bound to sections of
Some carcmoma of the kidney The results obtained
chn ot b

wowla a4y

ne
reactivity for cancer free tissue from other individu
als

DISCUSSION

The purpose of the present study was to invesugate
Whether Ig eluted from human carcinomas could
recombine 10 the ussue QOne approach was to use
the ussue sediment from Which the Tg was eluted
No bindine of the eturad 12 10 eluted autologous

ussue sedtment was haweser obtained Nor did the

1g 1n extracts or sera bind The lack of binding of
eln mal ae

x

.
N vrautw
the antigens  Therefore sections eluted for 30 min
were used Since this treatment aksa abolishes the
FcRA (13) FeR should not mterfere with the
binding of Ig
MA appeared most suntable for the detecuon of
tissue bound Ig pA was useful as a bridge for the
ndicator cells This system was as senstive as the
system using anti Ig asa bridge Thrs is in fine with
the results obtained by Portanora et af (10) who
studied 1gG anubodies bound 10 cell surface
antigens on Cells in suspension In oyr expeniments
IF was not found useful since non-specific fluore
seence oceurred afier eluuon of the tissue Nor was
RIA useful since eluted ussue sediments could not

be used (see above) and no technique using RIA
with ussue set anc '

av
Sysiets used to stud:

y the binding of eluted Ig
could be concluded th:

2t most of the bound Io wac

e willullid of the
fespectively  They foung by
monospecific antisera that the e,

lung and sarcoma
applymg IF wih
uted 1pG bound 1o



250 mg/1) No binding of this IgG was obtatned
Incubation of the sections with 20 mg BSA/ml
PBS prior to the nicubation with the eluates did not
wnhibit the binding of the eluted Ig to the sections
The results obtained therefore indicate that eluates
contained Ig anubodies to the tissue

Binding of Eluted Ig to Autologous Tissue

g ecluted from 21 tumours bound to the
autologous tissue, whereas the eluted Ig from the
other 8 did not bind Similar results were obtamed
using the corresponding evtracts or sera

To evaluate how much of the Ig m each eluate
bound to the tssue, the reaction on secttons
mcubated with the eluates were compared with the
reaction on non-cluted tissue sections (washed tissue
sections, sce above) Sceiions incubated with the
cluates using 9 of the tumours, revealed a reaction
similar o the non-cluied sections, whereas eluates
of the other 12 showed a weaker reaction All
eluates tested showed stmilar results using both
ndicator systems

We have previously shown (14, 17) that the ratio
of albumun to 1gG m the eluaies and extracts were
similar using 5 of the tumours, indicating a
predominance of non-specifically bound IgG None
of these eluates bound to the ussue Eluates of 2 of
the tumours contatned marker antibodies for non-
specifically bound IgG. ndicating both specifically
and non-specifically bound IgG (16) These 2 eluates
gave a weaker bindimg of eluted Ig

Eluates of metastases gave sumilar reactions.

TABLE 2 Afivedd Hacmageiunnarion with Scerions of a Carctnoma of the Adnes and the Cancer-

when incubated on the autologaus tsue and on the
corresponding primary tumours Eluates of thesc
Drumary tumaurs were not avatable for testing

Binding of Eluted Ig 10 Diffirent Tissties

Eluates of carcinoma and cancer-free tissu¢ from
the same organ were incubated on the secuons of
both types of tissue The example gven 1 Table 2
shows that Ig eluied from the carcinomas pownd 10
both the cancer and the cancer-free tissue The
amount of 13 bound to the cancer ussue Was
apparently the same as the amount in the non eluted
ussue, whereas less Ig bound to the cancer free
tissue The Ig eluted from the cancer-free tissue aho
bound to both types of trssue, but less Ig bound to
these tissues than that detected 1n non efuted tissue
The results obtained using all eluates of carcinomas
and cancer-free tissue from the same organ are
shown in Table 3 Fischer exact test ona 2 x 2 table
for cancer tissue and eluates of cancer agamnst the
other combinations with weaker reaction and no
reaction combmned gave p<002 Accordingly.
sigmficantly more of the Ig eluted from the cancers
bound to the autologous tissue than the amounts
bound when other combmations were tested

Eluates of 4 different carcimomas of the hidney
were also mcubated on sections of the diflerent
tissues (Table 4) Ig eluted from all of the wmours
bound to 2 of the tumours Ig eluted from 1 tumour
bound to all of the tissues Similar results were also
obtained using eluates of cancer-frec tssue The Ig
in eluates of some liver metastases of carcinoa of

Jrec Tossue from the

same Orgatt Incubated with the Corresponding Elwates

Pre treatmunt
of LssuL seetions

Incubated with

W ashed at 20 °C for 30 min PBS
Liwted at 56 °C for 30 min PBS
Fluted at 56 °C far 30 min Elvate of
arunoma
© 30 min Eluate of
Liuted at §6 °C Tor Hloatea
nssue

Sections of
Carcinoma Canr free uscue
—_——
HEAPA ODantlg EA pA ODanu g
e ‘¥ ++ ++
+r L + +
+ « +

ajfpd ~ 1w e s See Table |

o

sections



Tisswe from the same Organ The
furtnat on®) wth Sections of Carcinyma and Cancer free
TABLE fzed ’;ﬁ;’;?!’::e Etuted at 56 °C for 30 min prior to Incubation wuh the Eluates

No of tumours giving

Tissue Incubated with efuates of '2:‘:‘2 , ::;;-‘i: rn\:ﬁnn
Caranoma of the kidney Carcinoma of the kidney 4 4 2
Carcinoma of the kidney Canger free renal ssue 2 6 2
Cancer free renal ussue Carcinoma of the kidney ] 6 3
Cancer free rena) tissue Cangcer free renal tssue 2 5 3
Liver metastases Liver metastases 3 4 2
Liver metastases Cancer free Inver tissue 1 3 5
Cancer free liver ussue Liver melastases 0 6 3
Cancer free liver tissue Cancer free hiver ussue 0 5 4

9lndicator celts OD anu Ig (sec Table 1)
b Reaction compared 1o non etuted wssue sections {see tevt)

TABLE 4 Mixed Haemagglut nation with Sect ons of
Caramomas of the Kudney Incubated with Eluates of the
Tissueo)

Thssue from carcinoma No
Etuates from

carcinoma No

1 2 3 4
1 + - + +
2 + + + «
3 + + +
B - + +

 Indicator cells OD an Ig (see Table 1)
+ Binding of indicator cells
= No binding of induator cells

the gastro intestinal tract also bound 1o sections of
some carcinoma of the kidney The results obtamed
showed that the Ig eluted from the carcinoma had
Teacinty for tissues from other carcinomas of both
the same type and of other 1ypes as well as
Teactivaty for cancer free tissue from other mndivedu
als

DISCUSSION

The purpose of the present study was to mvestgate
whether Ig eluted from human carcinomas could
fecombine to the tissue One approach was to use
the tissue sediment from which the Ig was eluted
No binding of the elittad T2 10 eluted autologous

tissue sediment was however obtained “or did the
Ig tn eutracts or sera bind The lack of binding of
s Ig n eluates extracts and sera was shown (o be
due to elution or destruction of anugens dunng the
2 h elution procedure Elution of ussue sections for
30 min 1 PBS at 56 °C did not seem to nfluence
the antigens Therefore secuons eluted for 30 min
were used Since this treatment akso abolishes the
FcRA (13) FeR should not mrerfere with the
binding of Ig

MA appeared most suitable for the detection of
ussue bound g pA was useful as a bndge for the
ndicator cells This System was as sensitive as the
System using anti Ig as a bridge This 15 1n fine with
the results obtained by Portanova ef af (10} who
swdied 1gG antibodies bound 1o cell surface
anuigens on cells i suspension In our expertments
IF was not found useful stnce non specific flucre
Scence occurred after elution of the tissue Nor was
RIA useful since eluted tissue sediments could not

be used (see abovel and nn 1o

w1

au ’ -
Systems used 10 study the bimding of eluted Ig
could be concluded that most of the bound Ig wasof
the IgG class with an intact F

c-portion The results
obtatned accord with those obtained by foachim ¢

alI (6) and Romsdaht & Cox (11) who used aad
cluates of carcinoma of the lung and sarcom:

a
respectively  They found by applying IF with
monospecific antisera that the eluted IgG bound 1o



250 mg/l) No binding of this 1gG was ob
Incubanion of the secuons with 20 mg BSA/ml
PBS prior to the incubation with the elvates did not
mhibit the binding of the eluted Ig to the sections
The results obtained therefore indicate that eluates
contained Ig antibodies to the ussue

Bindmg of Eluted Ig to Autologous Tissue

Ig eluted from 21 tumours bound to the
autologous tissue whereas the eluted Ig from the
other 8 did not bind Simular results were obtained
using the corresponding extracis or sera

To evaluate how much of the Ig m each eluate
bound to the ussue the reaction on sections
incubated with the eluates were compared with the
reaction on non eluted tissue sections (washed tissue
secitons  See above) Secttons incubated with the
eluates using 9 of the tumours revealed a reaction
similar 16 the non eluted sections whereas eluates
of the other 12 showed a weaker reaction All
eluates tested showed similar results using both
indicator systems

We have previously shown (14 17) that the ratio
of albumin to I1gG in the eluates and extracts were
simidar using 5 of the tumours indicating a
predominance of non speaifically bound IgG None
of these eluates bound to the tissue Eluates of 2 of
the tumours contamned marker antibodies for non
specifically bound IgG mdicating both specifically
and non specifically bound IgG (16) These 2 eluates
gave a weaker binding of eluted Ig

Eluates of metastases gave similar reactions

TABLE 2 Mixcd Haomasslutination wath Sections of @ Carcmona of the &idney and the Ca

when on the logous tissue and on the
corresponding primary tumours FEluates of these
primary tumours were not available for testing

Binding of Eluted Ig to Different Tissues

Eluates of carcmoma and cancer free tissue from
the same organ were mcubated on the sections of
both types of uissue The example given 1n Table 2
shows that Ig eluted from the carcinomas bound to
both the cancer and the cancer free tissue The
amount of Ig bound to the cancer tissue wis
apparently the same as the amount in the non-eluted
tissue whereas less Ig bound to the cancer free
tissue The Ig eluted from the cancer free tissue also
bound to both types of tissue but less Iz bound 10
these tissues than that detected 1n non eluted tissue
The results obtained using atl eluates of carcinomas
and cancer [ree tissue from the same organ are
shown m Table 3 Fischer exact test ona 2 X 2 tble
for cancer tissue and eluates of cancer acamst the
other combinations with weaker reaction and n
reaction combimed gave p<002 Accordingly
sigmificantly more of the Ig eluted from the cancers
bound to the autologous tissue than the amounts
bound when other combinations were tested

Eluates of 4 different carcinomas of the kidney
were also incubated on sections of the different
tissues (Table 4) Ig eluted from all of the tumours
bound to 2 of the tumours g eluted from 1 tumou’
bound 1o all of the tissues Stmilar results were alse
obtained using eluates of cancer free tissue The ¢
1n eluates of some liver metastases of carcinoma of

ncer frec Trssue from the

same Organ Incubatd wuth the Corresponding Eluates

Pre treatment
of ussue sections

Incubated with

Sections of

Carcinoma Cancer free tissue

4 EA pA ODannlg EAp\ ODanulg

+ ++
¥ ashed at 20 °C for 30 min PBS 4 ++ +
FEluted at 56 °C for 30 mn PBS - -
o 30 min Elvate of
Eluted at 56 °C for Bloaieof " » . .
N 30 mm Eluate of
Eluted at 56 °C for Eluaeel ) )

+ +

2} Indicator cells Sce Table 1
++ Tight monolayer of m
+ Single idicator cells auached 10 the
_ o ndicator cells attached to the sections

e sections

316

dicator cells attached to the sections
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cells 1n suspension of the autologous tumours In
addition, Romsdalt & Cox (11) showed that eluted
12A bound to the sarcoma cells Gupta & Morron (3)
eluted Ig from melanoma tissue using 15% NaCl at
37°C and found evidence for m vno binding of
cluted 1gG using a complement fixation test

In the present study the binding of the cluted 1eG
to the secuons was considered to be mediated
through the Fab poruon since a) pepsin digested
cluted [gG bound (o the tissue, and b) BSA did not
inhibit the binding of cluted 1gG

The 1gG eluted from the carcinomas also bound
10 the cancer-free ussue from the same organ from
the same patients This 1S 1n contrast 1o the results
obtained by Romsdahl & Cox (11) Gupta & Morton
(3) and Joachim o1 al (6) Who found no binding to
different control tissues of 1gG eluted from malig-
nant tissue These dilferences can be due to different
techniques used since Romsdahi & Cox (11) and
loachun ct al {6) used cells m suspension and Gupta
& Morton (3) used complement fixation test with
somcally treated ussue residue

{n the present study IgG eluted from one
carcinoma of the hidney bound to other carcinomas
of he kidney and [gG efuted from carcinomas of
the gastro intestinal tract also bound to the carci-
noma of the hidney Thss 15 i line with the results
reported by Gupta & Morton (3) that eluted 1gG

from melanoma bound o tssues from other

melinomas
The results obtained here show that 1gG eluted

from human carcinoma has a broad tssue react:
wity The results obtaned were not unexpected
aince the same activity was found n the correspon
ding exwracts and sera These resnlts accord with
those paresronsly obsersed shay sera from patients
with cancer cortain in additton to spectfic tumour
annibodies antibadies to other temours as well as to
different normal tissues (for review sce ref 8)
Increased amounts of auto ntibodies are also found
in sera of cancer patients (9)

The 1gG etuted from the cancer free ussue i this
study also bound (o the cancer ussue from the same
organ showmng that the malignant ussue has some
of the antigens found in the cancer free tissue

Measurement of the amount of {gG n tissue
using MA with ussue sections 1s not accurate
However since RIA could not be used the only
Wway to estimate how much of the eluted 1gG bound
10 the eluted (1ssue, was to compare the strength of
action using eluted sections incubated with the
cluate to the rezcuon using non eluted sccl;ons
Apparently most of the eluted IgG from 9 of ll;e
tumaurs seemed to bind to the tissue whereas only
parts of the eluted 1eG from the other 12 lur;u;ug
bound This indicates that parts of the eluted Ig!

the re:

119

from these tumours could be non speaifically
bound or bound to receptors such as FcR At
present there 1S no techmique avatlable to distingush
between these types of binding

The 1gG eluted from 8 wwmours did not bind 0
the autologous tissue The 12G eluted from § of
these tumours was considered non specificatly
bound since the ratio of albumin to IgG was simmjar
using extracts and eluates from these tumours (|4
17) The other 3 tumours displayed a reduced ragso
of albumn to 1gG 1n the eluates compared to the
corresponding extract (14 J7) This IgG could be
bound to FcR  Another possibility 15 that antigens
eluted concomitantly with the IgG block the
binding But due to the lack of eluates no
mvestigatsions were performed to clanfy this poing

The IgG eluted from different normat tissues and
from liver tssues from patients with various nan
malignant discases did not hind to the autologous
tissue  Accordingly, the Ig associated with these
tissues were non specifically bound or bound to
receptors such as FcR

The author 15 a fellow of g Nornegian Rescarch
Council for Scince and the Humamues {grant no
Coro04 9

He wishes to thank rss Hiteche Aasmas and Vrs
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Flab) fragments total serum protein sperm .
anhodies

Fc fragmeat, streptococet human 13G humanIgA
Fab fragment 27

Immunoglobulis classes  MyCoplasma pycione

phrius
Immuneglobulins  germ free BALB/c mice inte
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