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ACTIVATED COMPLEMENT IN THE SPUTUM FROM
PATIENTS WITH CYSTIC FIBROSIS
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Schiotz P O Seremsen H & Hoby N Actvated complement 1n the sputum from patents with
cysuc fibrosis Acta path mucrobsol scand Sect. C 87 1-5 1979

14 cysuc fibrosis (CF) pauents chromcally tnfected with mucotd P aerugimosa and presenting multiple
precipiuns 1n serum against this bacterium (CF + P) and 13 CF patients without P geruginosa infecuon
{CF P) had their plasma and sputum sol phase exemuwed for atburmn Clg C3/C3c C4 and CS5 by
means of electroimmunoassays Their sputum sol phase was examined also for factor B by

Jc was n the sputum sol phase but sigmificantly more
(requent (p < 001) among the CF +P patients than among the CF P patents Factor B was also
demonstrated sn the sputum sol phase but no significant difference in frequency could be demonstrated
between the CF+P and the CF P patients None of the results indicated that a local pulmonary

production of complement factors took place Complement acuvation was significantly (p < 001)
associated with inflammation expressed as increased

sputum sol phase albumin [, o
plasma albumin

The results show the of mediated n
pulmonary tssue damage 1 patents with CF and support the concept of chromc
wnfecuon as an immune complex disease 1 CF patents

the of
P aeruginosa lung

Key words Cystc fibrosis spotum cormplement Pseirdomonas aeruginosa
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Cystic fibrosis (CF) patients suffer from chronic
and recurrent bactenal lung infections and espect
ally chromic P geruginosa lung 1nfection has been
shown 1o be associated With a pronounced humoral

[ )

«

signitiedliuy mote frequent 1o patients with chronre
erugintsa lung nfe
’f Ehw’g ecion than in patents

factors were present in sputum from CF patients as
part of thew Jocal pulmonary immmune defense
Furth activated 1
factors promate the development of mflammanon
{11} so we examued whether ap assocuation
between chromc P aerugiosa lung nfection ang
could be d

PATIENTS AND METHODS
Fanenss
Twenty-seven CF Patents we;
¢ included
A:u pasents bad 2 typical history of CF a:;h ;2“: o
elevated sweat elecirolytes m repeated tests (4) .



(1) One group consisted of 14 CF patients (6 females
and 8 males, median age 139 years, range 6~29)
suffering from chrontc infection with mucod stramns of
P aeruginosa (CF +P) and exhibiing more than 10
different precipitins 1n serum against watersoluble
antigens from this bacterium

The pauents have been followed as previously
described (7) Mean duration of the P aeruginosa
respiratory tract infection was 4 | years (range 1-8 §
years) Routine studies of the lung function showed a
reduced vital capacity and peak expiratory flow rate as
compared with normal values (19) On an average, the
vital capacity of the lungs was 21 SD below mean
normal values, and the peak expiratory flow rate was 1 6
8D below normal values 1n healthy persons of the same
height

(1) Thirteen CF patients (6 females and 7 males,
median age 138 years, range 8-21) without P
aeruginosa infection (CF-P} and without multiple serum
precipiting against P ageruginosa antigens were examned
also The average vital capacity of their lungs was | SD
below mean normal values, and the peak expiratory flow
rate was 0 3 SD above mean normal vatues (19) In 9 of
the CF-P patents S aureus H influenzae, E coli §
preumoniae B anitratum and K ozanae were 1solated
from the respiratory tract during this study

Sputum
A 3-hours sample of sputum was collected at 4°C
from each patient between 8 am and [! am as

described previously (1, 14) Each sample was subjected
to bacteriological examrnation and the onigin of the
specimens from the lower respiratory tract was confir-
med by studying the epithelial cells present (7) Sol phase
of sputum was obtamed by ultracentrifugation at
120,000 x g (maxtmum vatue) at 4°C for 4 hours and
stored 1n Small aliquots at —80°C (14)

P aeruginosa Precipitins

The occurrence of airculating precipitating antibodies
in serum against P agertiginosa were investigated by
means of crossed
nique) as described previously (7)

Complement Factors and Albumun

Samples of venous blood stabilized with EDTA and
centrifuged were drawn from all patients The plasma
was stored 1n small aliquots 1n iquid nitrogen at =192°C
unti] analyzed

Albumin and complement components Clq C3 C4
and C5 were deternuned in plasma and sputum sol phase
by means of routine clectroimmunoassays (10) The

high voltage electrophoresis at 18 V/cm for 2 hours 1n
the first d The second d 1! e
sis was performed at 3V/em for 18 hours into an
agarose gel containing monospecific antiserum aganst
C3  (BIC/BIA, from Dakopatts, Copenhagen)
(concentration 5 pl/cm2) The dred gel shdes were
stamed with Coomassie briliant blue and 1nvestigated
for C3 and C3 split products (18) Exact quantitative
determination of the C3 spht products was not
performed Control ultracentrifugation of serum at 4°C
showed no activation of complement caused by this
procedure

The presence of factor B 1n sputum sol phase was
d d by rock ) of 3¢
sputum sol phase 1n agarose containing specific factor B
antiserum (Behringwerke, Marburg, West Germany)
(concentrations 3 pl/cm?2) With a smitable bufler system
(barbitone/calcrumlactate buffer, pH 8 6, 1onic strength
of vessel buffer 0 065 and of gel buifer 0 025) and by
employing % agarose (Litex type HSA, Glostrup,
Denmark) factor B was revealed as a reverse rocket
which migrated towards the cathode while native factor
B migrated towards the anode Exact quantitation of the
acuvated and native form of factor B was not performed

Statistical Methods

The Mann-Whatney test and Fishers test were used
and a sigmificance level of 5% (double tailed test) was
chosen (2)

RESULTS

The plasma Clq C3, C4 and C5 values from the
CF+P patients did not differ significantly from
those from the CF-P patients

Sputum sol phase examinations for Clq were all
negative Complement C3, C4 and C5 was present
i sputum sof phase i (3, § and 6 patents
respectively Afl the vaiues were 50 fow, that it was
only posstble to give a qualitative result present or
not present (Table 1)

C4 was found n the sputum sol phase m 8
patients 1n the CF + P group, while one patient in
the CF-P group was positive for C4 This difference
1s significant (p<002) (Table 1) The same
comparison for C5 in the sputum sol phase [§]
patients 1n the CF + P group versus | pattent 1 the
CF-P group) showed no sigmficant difference
between the 2 groups (p>>0 05) {Table 1)

L for conversion of C3 1n the sputum

results of the Clg C4 and C5 were
expressed th arbitrary units as a percentage of a reference
standard consisting of pooled EDTA plasma obtained
from 100 healthy blood donors The sensitivity of the
analyses for Clq C4 and CS was 10 $ and 5 arbitrary
units respectively For C3 Standard Human Serum
(Behringwerke Marburg West Germany) was used as
reference The sensivity of the analysis was 0 05 g/1
Conversion of C3 was detected by crossed immunoe
fectrophoresis of 10 pl sputum sol phase performed as

2

sol phase showed that C3 was present solely as Cle
and no native C3 1n the 13 patients where C3 could
be demonstrated by rocket immunoclectrophorests
(Fig 1) None of these patients had Cc mn their
plasma and no other patients had C3c neither In
their sputum sol phase nor 1 plasma 11 of the
patients with the C3 split product Clc were from
the CF + P group and 2 were from the CF-P group
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€Table 1) This difference 1s sigruficant {p<0 01}

Exammation for factor B was posttive i the
spatm Sol phase w16 paugnts and all these
patients shiow e activation of factor B as well (Table
U 11 of these patients were from the CF 4 P group
and 3 were from the CF-P group this difference 18
not significaat {p =0 16)

An estimate of transudation of servm protetns to
sputum caused by inflamimation was obtained by
CAMANE tha crnfum a2 ahe o Moo 20
10 the Ch-P group show ed 1o significant dufference
betn een the groups (p>>0 05){Table 1) A compar
500 of albumm rauos between the {3 patients with
e C3 split product C3c and the remamning other 14

100 Jow 10 permt exact quantitation

pattents showed however a significant higher ratro
1n the former grovp (p<0 0)), onanaverage 4 1%
versus 1 4% A companson of the same afbumin
12108 between the 16 panents with native and
activated factor B in their sputum sol phase and the
11 patients without signs of factor B m ther
sputum sol phase was also sigmficant (p<0 01} on
an average the ratios were 3 6% versus 1 3%

By multiplying the plasma complement concen-
tratons with the albumin ratto an estimated sputem
sol phase complement conceptration was obtatned,
whith may be explamned as transudation of serum
complement factors (gnonng the differences 1y
molecular size betwesn alburun and the comple-
ment factors) Compared to the analytieal precision
oftheClg C3,C4and CS electrotmmunoassays all
the estimated sputum sol phase complement valyes



were tn agreement with the actual findings and the
sputum sol phase values of Clg, C3, C4 and C5
were thus below 10 5, 5 and 5% respectively of the
actual plasma vajues

c3

Fig I Crossed immunoelectrophoresis of 2 samples mto
an agarose gel contaming antuserum agamst C3
{BIA/BICHS pl/em?} Anode to the nght

Above 10 pi heparin plasma from a normal person
with immune complexes added (Human antialbumn/
x‘(x:l;mn serum atbumin} showing conversion of C3 to

c

Below 10 gl sputum sol phase from a cystic fibrosis
Eﬂ}htnl showing solely the presence of C3c and no native

DISCUSSION

Complement components m bronchial secretions
have been demonstrated by Reynolds et al (12) wha
found C4 and C6 1n bronchial lavage flud from
smokers and non smokers 1n concentrations of
about 3% of the serum values Similar values were
demonstrated for C3 1n sputum sol phase from CF
patients by Brogan et al (1} These authors
concluded that the complement concentrations

found significantly more frequent 1 the sputum sof
phase among the CF + P patients than among the
CF-P patients although the fatter group of patients
alse hacboured bactenia 1n the lungs As soluble
immune complexes have recently been demonstra
ted 1n the sputum sol phase in CF + P patients (16)1t
seems more likely that it 1s these complexes which
activate complement (either via the classical or
alternative pathway) and thus intiates the nflam
matory process This 1s well 1n agreement with the
conception of chronic P aeruginosa lung 1nfection
1 CF as an immune complex dsease associated
with a poor prognosis (9, 16) The possibility
however, sull exists, that a potent alternatne
pathway activation (caused by bactersal products) 15
responstble for both factor B and C3c in the sputym
sol phase (3, 5, 17)

The sigmificantly higher albumin ratio demon
strated 1n the patients with C3c 1n therr sputum <ol
phase and also in patients with activated factor B
supports the concept of complement nduced 1n
it with subseq d of plasma
protens 11 these patients

Thus difference m albumin ratio could however
not be demonstrated when the CF+P patients
were compared with the CF-P patients The CF P
patients number 18 and 22 (see Table 1) had C3cin
their sputum sol phase and thus also had a relatsvely
high alb ratto The
observed (n these patients could possibly be due to
complement activation induced by complexes of 1gG
with proten A of S aureus as they had lung
infection with these bactena at the tme of
mvestigation (6 17)

Evidence for local production of the components
of the alternative pathway has been presented by
Robertson et al (13) This question was not
investigated 1 our study ~ but 1t 15 remarkable that
the 16 patients with factor B all had the activated
form as well ~ while none of the remammng 11
patients had any signs of factor B

This might indicate that activatton of factor B
(and also of C3) takes place below the mucosal
surface of the lungs thereby mediang the transuda
tion of complement components and other serum

components to the mucosal surface
C C3 and C4 are known as acute

probably were a result of passive son and
these results are 1n accordance with our view
Furthermore evidence of local complement ach
vation 1n the lungs notably from CF + P patients 1s
Ppresented 1n the present study As acuvauon of C3
15 2 proteolysis caused by the CTZd complex 1t
cannot be ruled out that proteolytc enzymes
liberated from eg neutrophils in the bronchal
secretions may participate in the spirtung of C3(11)
The complement split product C3c was however

phase reactants No significant difference between
C3 or C4 values could however be observed
between the CF + P and the CF P patients probably
because we are dealing with chrontcally mfected
patients These results are mn accordance with our
previous findings (15)

‘While no evidence of local pulmonary production
of complement factors was rm.x‘nd thss study shows
that d y




play a role 1n the patogenesis of pulmonary tissue
damage w panents with cysuc fibross and it
supports the conocept of chropic P aeruginosa lung
infection as an immune complex disease 1w CF
patients

Ths work was supported by the Damish Medical
Research Council (project no 512 7193 and 512 6623)
the Nanonal Danish Association aganst Cysuc Fibrosts
and the Poul Bergsoe Foundation

‘We thank Anni Bethien Ell nor Ward Petersen Aase
Strcker and Astnid Videre for skilful techaical assistance
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COMPLEMENT RECEPTORS
IN HUMAN PERIPHERAL NERVE TISSUE

HARALD NYLAND ROALD MATRE and OLAV TONDER

Broegeimann Reseasch Laboratory for Microbualogy and Departments of Newrology and Microbiology
University of Bergen Bergen Norway

Myland H Maiwre R & Tonder O Complement receptors 1n fuman peripheral nerve Ussue Acta
path mucrobiol scand Sect. C 87 7-10 1979

Cryostat sections of human perspheral nerve tissue adsorbed sheep erythrocytes sensttized with aptibody
and human complement (EAC) Acuvated complement was essential for the reaction to occur The
receptor had speaificnty for the C3b fragment. In order 1o obtain binding 1o nerve bssue the mdicator
cells had to be coated with more complement than that required for binding to C3b receptors i spleen
and renal ussue The receptors are located within the nerve fascicles and are probably of glycoprotein
nature The recepiors for C3b 1n peripheral nerve tissue may be of sigmificance i the deposiuon of

1mmune compleves which may play a role 10 acute polyradiculoncunts

Key words C receptors peripheral nerve ussue

H Nyland Broegelmann Research Laboratory for Microbiology MFH bygget N 5016 Haukeland

sykehus Norway
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Receptors for the third component of comple
ment (C3} have earlier been detected on human
enythrocytes (12) granulocytes (7) monocytes and
macrophages (8 9) and B lymphocytes (2)
Recently complement receptors have alkso been
detected 1n human renal glomeruli (6 11) and on
human diploid fibroblasts in cutture (16 17}

Data 1n this report indicate that receptors for

actnated complement are present 1n human perip
heral nerve ssue

MATERIALS AND METHODS

Tesues

Penipheral and centra) nerve ussue were obtained
Trom autopsies performed at the Deparment of Patho
Logy 9-20 h after the death of patents who had carduc
mfarcuon but no systemx disease Peripheral nerve
Ussue from ratb ts rats and guinea pigs were obtained
from Wsboratory ammals hadney and spleen were
provided by the Department of Surgery Smati pueces of
the vanous samples were quckly [tozen and movnted on
$pecmen bolders for the preparation of ussue sestions

Sections 6-8 ym thick were cut In a cryostat and placed
on 22x40 mm coverglasses Tissue and cryostat
sections were stored 1n sealed contamers at ~25° C For
histological investigations tissues were fixed i 4 per
cent neutral formaldehyde

Sera

Normal human sera obtawned from blood donors were
used s sources of complement (C) Complement was
imactivated by heaung the sera at 56°C for 30 mun
Heated human serum absorbed wuh sheep erythrocytes
was used as C3b mnacuvator reagent (13)

Anusera 10 sheep erythrocyies were raised in rabbats
and serum samples were collected at vanious tntervals
after iImmunization to obtain feM and IgG anubodies

Unlabelled rabbit anusera to human immunogloby
lins (polyvalen) Clg C3 C4# and albumm and
fworeseein 1sottuocyanate (FITC) fabelled anusera 1o
human immunoglobulins and C3 were purchased from
DA tmmenoglobulins afs (Copentiagen Denmark)

Imnunoglobul ns

Human IgG (Fracton 11 16 5 per cent solution) w
as
purchased from AB Kabi (Siockholm) and human
albummn from Behringwerke Marburg Lahn  Wegt
Germany) Aggregated 1gG was prepared by heaung the

7



solutions at 63°C for 15 min Rabbit IgM antibody to
sheep erythrocytes was isolated from early immune
response anfisera by gel filtraton on Sephadex G 200
equilibrated with phosphate buffered saline pH 72
(PBS)

Erythrocy tes

Whole blood from sheep was collected in equal
amounts of Alsever s solution and kept at 4° C Before
use the erythrocytes were washed 3x 1n PBS with
centrifugation at 800 % g for 5 mun and final packing at
1000 x g for 10 min

Indicator Cells
Sheep erythrocytes (E) were sensiized with rabbit
anttbodies (A) of 1gM class (IgMEA) or 1gG class

tions of trypsin {once crystalltzed DCC treated (Sigma
Chemical Co St Lows Mo USAY or periodic acid in
PBS The sections were washed 1n PBS and tested against
the vartous tndicator cells

Direct Immunofluorescence Test

Cryostat sections were wncubsted for 30 min t a
moist chamber at room temp With FITC labelled rabbit
antisera to human mmmunoglobulins (polyvalent) and to
C3 diluted | 1n 210 PBS The sections were then washed
n PBS and mounted 1n 50 per cent glycerol m PBS and
examined under a Leitz Orthoplane microscope equipped
with a HBO-200 mercury lamp

Test for Infubition of Haemadsorpt on
In these experiments the EAC3b were suspended in
the p to be tested for inhibiting activaty if the

(IgGEA) m varying amounts as aggl

units One agglutinating unit s defined as the amount of
the highest dilution of A that agglutinates an equal
amount of 2 | per cent suspension of E The mixture of E
and A were incubated at room temp for 30 nin The EA
were washed twice and made up to a 2 per cent
suspension In barbital {Veronal) buffered saline pH 7 2
contaiung 0 15 mM CaCl; 05 mM MgCly and 00)
per cent gelatin {(GVB)

E sensitized with 1/4 agetutinating umt of IgM were
used to prepare complement coated erythrocytes (EAC)
Zymosan trealed human sera which retam considerable
C3 acuvity with low C5 acuvity (18) were used as a
source for C Equal volumes of 2 per cent IgMEA and
varying dilutions of C in GVB (sce Results) were mixed
and ncubated for 10 min at 37°C Under these
condttions the effect of C3b inacuvator (KAF) 15
neghgible The cells were washed twice and finally made
upto a1 per cent suspenston 13 GVB (EACIb) IgMEA
incubated 1n 1nactivated zymosan ireated human serum
and EAC3b incubated i C3b nactivator reagent
(EAC3d) served as controls (11)

The procedure with tissue sections was the same as
described previously using the closed chamber techmique
(i1 15) Briefly the concavity of a microculture slide
was filled with a | per cent suspension of the various
1ndicator cells A coverglass with a cryostat section was
pressed into place on to the shide with the tissue section
the centre of the concavity The slide was placed with the
coverglass facing downwards to allow the indicator cells
1o settle on the ussue section After 30 nun at room
temp the shides were turned over and left so that the
indicator cells detached from the coverglass and from
ron reactine tussue settng mto the consavity of the
microculture slides The degree of hacmadsorption (3 +
2+ 1+) was recorded nucroscomeally when the
coverglass around the tissue was free of erythrocytes
Absence of haemadsorption was designated as —
Fixation and starming of the preparations were performed
as described previously (9)

Pretreatment of Tissue Scctions

Sections were incubated for 30 min at room temp
with rabbit antisera to human immunoglobulin classes
Clq C3 C4 and albumin or with varying concentra

.

w0 E these were
exhausted by absorption with E before use

RESULTS

Sections of human peripheral nerve tissue adsorbed
EAC3b 1n a focal pattern {Fig 1a) Apparently the
binding occurred within the nerve fascicles Sections
from different nerves both somatic and autonomic
as well as sections prepared from spectmens at
various levels of the nerves possessed this actiity
Specimens from 10 individuals whose ages ranged
from newborn to 80 years all gave similar
reactions No reaction occurred with sections from
brain medulla and optic nerve The haemadsorption
stopped abruptly at the transition from peripheral to
central nerve tissue (Fig 1b)

A number of experiments were designed to study
the factor(s) which mediated the haemadsorption
Unsensitized E or E sensitized with as much as 2
agglutinating units of 1gG or IgM 1gMEA incuba
ted m heated human serum did not adhere
Py bly activated I was necessary
for the reaction to occur

That C3 was essential for the binding was
ndicated by the following results Antiserum to C3
agglutinated the EAC3b The EAC3b gave a
postuve ummune adherence test and adhered to
glomerult 1n sections of human kidney (1 1}and to
the C3b receptor positive ateas n sections of human
spleen (3 4) EAC3b treated with C3b inactivator
reagent gave no reaction it the immune adherence
test and did not adhere 1o sections of nerve tissue or
of renal glomerul; However they were agglutma
ted by ant1 C3 and adhered to the C3d receptor
positive follicular areas in sections of spleen (3 4)
Assumably the binding of EAC3b to nerve tissuc Is
mediated by the C3b component of complement
indicating a C3b receptor in peripheral nerve tissue
The results above indicated that the receptor 1S
widely spaced withmn the nerve fasicles
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Fig 1 Adherence of JgMEAC {complement-coated
sheep erythrocyles sensiuzed with IgM antibodies) to

Satione AF mam v

W13 10 peripheral perve ussue and not 10 the central
nerve tissue { x 400)

The binding activity of Ums receptor was then
compared 10 the binding actwity of previousty
fecognized receptors 1 glameryls and Spleen using
EAC3b coated with varying amounts of C (Table 1)
In order to obtan binding to nerve fissye the
tndicator cefls had to be coated With more

TABLE 1 Adsorpuuon of EACIb 10 Sectians of Percy
Prepared with Varying

complement than that required for binding to spleen
and renal ussue Consequently the C3b receptor in
nerve tissue has less binding acuvity

The direct immunofluorescence technique did not
reveal 1z vno bound mmmunoglobulin or C3
sections of normal nerve tissue Premcubation of
sections with rabbit antiserum to human tmmunog-
lobuliag, Clg, €3, C4, and alburmn did not affect
the binding of EAC3b The adherence of EAC3b
wizs not inhibited by native or aggregated human
IgG. even at a copentration of 16 /1 Tissue
treated with trypsin at a concentraton of 0005
mg/ml and penodic acid at a concentration of 0 1
M had no receptor activity Formaldehyde fixed
and haematoxylin 2nd eostn (H & E) stained sectrons
showed normal structure of those perspheral nerves
studied

EAC did not adhere to sections of penpheral
nerve tissues from rabbits and guinea pigs

DISCUSSION

The results obtained Showed that human peripheral
nerve tissue obtamed from indwiduals of various
2ge possess receptors for actvated human comple-
ment The receptors were found at various levels
both 1 somauc and autonomic nerve tissve The
receptors were localized diffusely within the nerve
fasticles whereas (he copnective hissue compart-
ments gshowed no receptor actvity That the
adsorption of EAC3b indicator cells stopped ab-
Tuptly at the transition from peripheral to central
nefve igsue, seems to indicate that the receptors are
assoctated with the Schwann cells which ensheath
the axons 1n the peripheral nervous system (1) The
oo:nftemem receptor described on fibroblasts cultu-

‘
o

14ve ine capacity to differentiate 10 connective issue
cells (1)

The resutts further swrongly sndicated that the
Teceptors had specificity for C3b Only the complete

herat herve Tisyue Renol Tessue gnd Spleers The EAC3b were
Amounts of Human Complement (C)

Type of e Dilutions of 2ymosan treated human serum ]
2
4 16 32 6w 5 s
Penpherat nerve 2+ ge
\
Normal kidney 3e o 3e 3. ;‘ oo - e -
Notma) spleen 3v DS S S P

FRO



EAC3bind system mediated the h dsorp
tion That C3b was avaible on the cells was evident
from agglutination by antiserum to C3 immune
adherence and adsorption to known C3b receptor
areas 1n kidney and spleen C3d can not be involved
since EAC3b treated with C3b nactivator gave no
reaction That C3 was still on the indicator cells was
evident from the agglutination obtamned with the
anti C3 serum and from the reactivity with the C3d
receptor positive follicular areas of spleen (3 4)

The receptors were sensitive to trypsin and
pentodic acid at low concentrations The sensitivity
10 trypsin 1s consistent with the properties reported
for complement receptors on monocytes (8) eryt
hrocytes (12} and human renal glomerul: {(11) The
sensitivity to trypsin and periodic acid indicated that
the receptor 1s a protein or a glycoprotein The
results of experiments using EAC3b coated with
varying amounts of complement indicate that the
nerve C3b receptor has a lower binding activity than
the C3b receptors 1n spleen and glomeruls

The receptor for C3b n peripheral nerve tissue
may be of significance for the i vino deposits of
immune complexes which may play a role in for
nstance acute polyradiculoneuritis (5 10 14)
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Sera with high tires ol anubodies to smooth
muscle (SMA) are ofien detned from patients with
<hronic active hepatis (CAXI (Y 6 13 15 9%
However S\A m low titres have also been found
in some acute wfecions (5 12) and m other liver
discases {8 15} and may possibly be found also
patents with diseases which may be associated with
iner disorders such as ulceratve col s and
Siegrens syndrome (10 16) SMA in chronie Iver
Siseases are predorunantly of the 1gG class and
they have been shown 10 T£act with acun from both
s}ekz:zl and smooth moscle (3} SMA mugm

om patents Wyh

Aqnrdnae £ ban

N i
URTMINALONS 1§ 1S necessary 10 know the ma
dence and titre range of the antibodies 1 pavents
with different diseases and m normal controls In
this study the incrdence and utres of SMA of the
1¢G TgA and IgM class were determined m a
vanety of diseasss and the resuls were compared
with the findings 1n normal controls and 4 patients
with CAH The aim of the investigation was to
study whether the demonstration of SMA could be
of dagnostic vatue



EAC3bind system mediated the h dsorp
tion That C3b was avaible on the cells was evident
from agglutination by antiserum to C3 immune
adherence and adsorption to known C3b receptor
areas 1n kidney and spleen C3d can not be involved
since EAC3b treated with C3b inactwvator gave no
reaction That C3 was sull on the indicator cells was
evident from the agglutination obtained with the
antt C3 serum and from the reactivity with the C3d
receptor positive follicular areas of spleen (3 4)

The receptors were sensitive to trypsin and
periodic acid at Jow concentrations The sensitivity
to trypsin 1s consistent with the properues reported
for complement receptors on monocytes (8) eryt
hrocytes (12) and human renal glomeruli {11) The
sensitivity to trypsin and pertodic acid indicated that
the receptor 1s a protein or a glycoprotein The
results of experiments using EAC3b coated with
varying amounts of complement indicate that the
nerve C3b receptor has a lower binding activity than
the C3b receptors 1n spleen and glomerul

The receptor for C3b 1n penpheral nerve tissue
may be of significance for the 1 vno deposits of
immune complexes which may play a role in for
nstance acute polyradiculoneuriis (5 [0 [4)
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. drome ulcerative colitis regional enterites
nervous system (19%) In other diseases (Sjegrens syn
myasthen:a gravis progressive muscular dysirophy atopic dermatihs and mycoplasma preumomae
Infection) the prevalence did not dffer from that of controls {3 6%) IgM SMA were found more often 1n

CAH (28 6%} in wfecuons of the central nervaus system
T

snfections (13%) han = ~=n

detected only tn a.

diagnosis of HBA. - -
duagnostic value i cnronic hepatitis

(14 3%) and 1 mycoplasma preumoniae
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Sera with hugh titres of antbodies to smooth
muscle (S\MA) are ofien derived from patients with
chronic acuve hepatts (CAH) {3 6 13 15 19)

Ha = a6
n - - . N .
d - . -

v
Pavtins win gistases which may de assoctated with
Iner disorders such as ulceratne colitis and
Syogrens syndrome (10 16) SMA 10 chronic liver
discases are predomsmantly of the IgG class and
they have been shown 10 react with actn from both
skeletal and smooth muscle (3) SMA nught
therefore also occur 10 sera from pauents with

Agardasg ~F £ e =

uglernnauons 1t 1S necessary to know the mq
dence and titre ranoe af tha « L s
1

N . ' v v owlkllufied moa
variety of diseases and the results were compgred
with the findings 1n normat controls and 10 patients
with CAH The aim of the investigation was o
study whether the demonstravion of SMA could be
of diagnostic value



MATERIALS AND METHODS

Subjects

Sera from 182 patients with a varsety of diseases were
Studied and the findings were compared with those of
582 control persons and 7 pauents with CAH Some of
the sera had been stored at ~20° C for up 10 6 years The
subjects were divided into the following groups

Syagren s syndrome This group conststed of 15 female
patients aged 41-81 years All patients [ulfilled two of
the following three criteria Keratocomunctivitis sieca
xerostomia and f] arthrus
s sicca was based on a Shirmer s test and staining with
Rose Bengal xerostomia was based on snalometry or
histological examination of a biopsy from the Hp (4)

Ulceratne calins This group compnsed 18 female
and 11 male patients aged 16-63 years The diagnosis
was based on history radiological findings proctoscopy
and a biopsy from the rectal mucosa

Regiarnal entcritis This group comprised § female and
3 male patients with an age range of 26~74 years The
diagnosts was based on a history of intermuttent chronic
diarrhea fever weight foss and abdomunaf pain and on
radiological findings Sera from pauents with regional
entenius  ulceranve cohtis and CAH were kindly
supplied by Dr Karin Ladefoged Medical Department
P Randers City Hospttal Denmark

Myasthensa gravis This group compnsed 20 female
and 11 male pauents aged 18-72 years The diagnosis
was based on a chinical examunation and a positive
edrophomum chlonide {Tensilon) test and 1n some cases

cold aggluumn and/or mycoplasma antibody e
Mycoplasmas were 1solated m 10 cases but could not be
1solated 1n 7 cases In 6 cases no attempts were made to
ssolate mycoplasmas One to four serum samples
obtatned from each patient duting the course of disease
were studied Sera from these patients and from patients
with infections of CNS were kindly supplied by Dr
Alaus Lind Statens Seruminstiut Copenhagen

Chronic actne hepatins (CAH) This group consisted
of 7 pauents aged 22-71 years Three patents had
Hepats B associated antigen (HBAg) 1n scrum while 4
were HBAg negauve A lver hiopsy was performed in
all patients and hLiver biopuc changes corresponding to
chromic aggressive hepatitis as described by De Groore et
af (7] were found in all cases They had all had signs of
liver disease without recovery for at least 3 months

Conirols This group comprised 275 females and 307
males aged § months = 76 years This matenal has been
published elsewhere (2) and 1t consssted of blood donors
laboratory techmictans medical students and hospitalized
patients without autoimmune nfectious or hiver disea
ses

Conirol sera Six sera containing 1gG or &M SMA
were used as positive control Sera These sera had been
stored at —=20° C for vp 10 32 months and they were
titrated at several occasions during the study

Antibody Tests
Antibodies were demonstrated by indirect 1mmunof
| (IIF) as previously described {1 2) Unfixed

1t was confirmed by typical graphic findings
All patients auended the out pauent chimic at the
Neurological Department Aarhus Municipal Hospital
Aathus Denmark

Progressive muscular dy sirophy This group consisted
of 11 male patients aged 8-26 years The diagnosis was
based on history and climcal examination Ten patents
were from a nursing home and the oldest attended a
neurologcal put pavient chinic

Atopic dermantis This group comprised 16 female
and 10 male patients aged 9-64 years The dtagnosis was
based on chnical examinabion They were al) admitied to
the Department of Dermatology Marselisborg Hospital
Aarhus Denmark

Siphths This group consisted of 4 female and )3

cryostat sections 4 um thick of rat stomach and rat
kidney were used as anugens Antibodies reacting with
gastric smooth muscle (S§MA) renal vessel walls and
renal glomeruli (GA) were recorded Both polyspecific
fluorescein (FITC)

hin and aganst
human 1gG IgA and TIgM (W ellcome Research Labora
tories England and Behringswerke AG Germanyj were
employed for the antibody tests The monospecific conju
gates were specific for heavy chamns and they did not
cross react 1 gelpreciprtaion  The molar flucrescen
protein ratios of the conjugates were between 13 and
4 6 and they were used 1n a diuton corresponding (o an

anubody content of | 4 umis/m) In experiments where
P were employed  three positve

male patients aged 23-60 years The d was based
on demonstration of Trcponema palludum by dark fietd
microscopy or a postune Treponema palhdum mmobily
zauon test

Infections of the Ceniral Nenous Systenm (CNS) This
group camprised 21 patients Nine cases were diagnosed

oonilrol sera comaning anubodses of the 1gG IgA and
1gM class were included while only one posiive
controlserum was tncluded 1n expuniments wher¢ mono
specific conjugates were used All sera were mtaily
sesied a1 2 dilution of | 10 Sera from pauents with
gravis  prog muscular 4

as acute lymphocyuc meningius six as agute
us four as polyradiculitts one as transverse myelitts and
one as cerebelliis The patents were examined at weekly
intervals from one to four umes duning the course of
disease and a total of 45 serum samples were
nvestigated

Mycoplasma pncumoniae infecion A total of 53 sera
from 23 patients with mycoplasma pneumomniae infection
were mvestigated The diagnosis was based on demon
stration of a sigmificant (4 fold) increase or decrease 1n

19

syphilis and some of the controls were wutially tested
using a polyspectfic conjugate while all other sera wese
tested using monaspecific conjugates Al sera which
imally were positive or doubtfujly positive were litrated
15 doubling diuuons starung with 110 and they were
1nvestgated for antibodies of the [gG [8A and g\ class
by means of monospeaific conjugates The optic system
used was a Zess fluorescence microscope equipped wigh
an HBO 200 mercury



enter Ther was an mterference filter (400-500 nm)
adyusted Jor Nuprescein and the barner (ilter was
maiched to the nterference filter

RESULTS

Effect of Storage of Serum on SMA Titres

Several of the serum samiples invesgated in this
study bad been stored 2t =20° C for up to 6 years
In order 10 study whether the storage of serum
ight alter the SMA titres three G SMA posiuve
and three JgM SMA positive sera were titrated on
severat oceasions 1t appears from Table 1 that no
sigmficant changes 1 titres could be demonstrated
after storage of serum for up to 32 months This
suggests that the antibody findings n sera which
had been stored frozen for about 2 1/2 years may
not differ [rom the results which would have been
obtamned 1f fresh serum samples had been used

Incidence and Tutres of SMA

The frequencies and tres of SMA 1 patients and
controls are shown tn Table 2 IgG and IgM SMA
occurred 1 both patients and controls and antubo-
dies of both immunoglobulin classes were often
found together IgA SMA 1n 2 mtre of 10 was
demonstrated n anh ana - v
als - -
‘pavetts ‘wih YIBAR negatve CTAH but not 1n any
other patents or controls The fact that the G
SMA titres 1 the three HBAg positive CAH cases
were below 49 18 especually noteworthy 1gG SMA
titres of 80 were detected 1n one of the controls
one patient with syphilis and 1n one patient with
myasthenia gravis Serum from the latter patent
Teacted with gastnc smooth muscle tn 2 titre of 80
while 1t did Rot stain vessel walls All other positive
sera revealed sumilar fitres with both antigens 1gG

TABLE Y SMA 1 1res afier Storage of Serum at ~20° C

SMA were detected 1n 6 of 7 patienls with CAH
(857%) A sigmuficently increased frequency was
also found 1 patients with imfections of CNS (19%)
and 10 patients With Syphahis (16 7%) (Fischers
exact test p=001 and p=0 03, respecuvely) The
ncidence i other diseases did not differ from that
of controls

IgM SMA ptres above 20 were demonstrated in
only two controls 2nd m none of the patients
However IgM SMA m low ttres were found
significantly more often m patients with infections
of CNS (143%) 1n patents with mycoplasma

fn dian f

1gM SMA also occurred more frequently in patients
with syphilis than 10 controls but this difference
was ot sigmificant The incidence in other diseases
was of the same range 2s 10 controls

In 21 patients with infections of C\S who were
studied during the course of illness SMA were
found n 5 (23 §%} In these 5 pauents SMA were
present at the beginmung of discase and disappeared
from serum within a few weeks (Table 3) The titres
were low and antibodies of both the IgG (4 patents)
and [gM (3 pauents) class were demonstrated One
of the SMA posiuve patients had acute encephalitis
and fectious mononucleosis another had acute
encephalitis complicating measles while the etio-
logy of the 3 remaiming SMA posiuve cases was
undetermined In 23 pauents studsed dunng the
course of 2 mycoplasma pneumoniae infection SMA
were found tn 13% but it was not possible to show

that the antibodies had developed during the course
of disease

Incidence of Glomerular Annbodies

Glomerular aptibodies were demonstrated i 4 of
182 pauents (2 2%) with varous diseases and 1n 14
A2 %% Ul tne conudis ¥ n 3 o the pavents
glomerular anubodies occurred together with S\fA
and both types of anubodies were of the same

class The fourth patient who was
SMA negative had glomerular antbodies 1 2 titre
of 40 ™Nme of the controls with glomerutar

m Afonths of storage

Serui 1g Class 14 9132 24 n
44 G 80 40 80
1126 G 160320 160
6177 G 40 4p

R-33 M 20 20 40 20
R-34 i3 40 20 20

R-155 M 30 80 40 30

also had SMA while 1gG glomerular
anubodies in utses of 10-80 were detected 1n five
SMA negative controls In four HBAg negative
pateats glomerular antibodies were detected 1
utres of 40-320 which were one or two serum
diduons fower than the SMA utres In the HBAg
positive CAH cases glomerular anubodies 113 fitre

of 18 were found in only one
A 'Y one pauent with SVIA 1 a
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TABLE 3 SM4 Tifres

in Fe Patients with Infections of the Central Nervous System

i Weeks after
st mple Diagnosis
Panent Anubody sample . l'nrs(}s:‘ P
12G SMA 10 0 - Polyradiculius
A 1M SMA w - -
-~ 10 - Acute lymphocyue
B ‘EG R ~- - - menmngius
18\ SMA
- - Acwe encephalorayelms
G SMA 40 10
¢ 124 SWA 0 - - - Measles
o 1sG SMA 10 - - Acute encephalts
1eM SMA - - -
- - - Acute encephalitis
E }:s; SS\\’;: 10 10 - Infectious mononucleosts
= lre below 1D
DISCUSSION

The finding of a myasthen:a gravss serum which  also found 1n the present study but it was not

reacted with Tat Stomach muscle bus not with £t
renad vessel walls supports the assumption that
SMA with different specificities occur (3 6) Sera
with S\MA 1n igh utres often react with fenal
glomaruh and absorpuon expenments with sera
frora CAH patients have shown that the antibodies
react with actin present 1 both gastric Smooth
muscle and glomerul: (3) However the finding of
#lomeritar antivodies 1n SMA negative sera indica
tes that some antibodies to glomershs may react with
antigens other than actin

SMA 1 infectious diseases are often of the IgM
Qass but 3G anubodies also occur They are
present 1n the early phase of Winess and usually they
Bisappear from serum w(thm a few months (5 11
1) This was also the cas¢ im pauents with
nfections of CNS n the present mvestgation One
of the SMA-posune patients 1y this group had
measles and another had infections mononucleosts
and both of these diseases have

possible 0 demonsirate that the aatibodies had
developed duning the course of mnfection
An ncreased wadence of IgG-SMA but not of
1gM SMA was demonstrated m syphidis but the
titres did niot exceed those found 1w contrels The
ceren

reacon for the Asyatrmmn—
' v

i e uotun
19% of patients wuth Sjegren s syndrome and this
was sigmficamly higher than 1 controls SMA also
oceurred with increased [requency in this study but
the difference was not signficant This could be due
© the small number of pauents studied 1o

differences tn the sens t y 1w of o~ ®

spuuIQIE  theumatold anthnus and swcea syn
Arome  Hrebh er ol (18) thus found a greater

besn
Tound associated with SMA ({12} However
SMA bt alw been found 1 other wfectious
biseases 8 bcrfeld & Steenter (51 thus fourd an
increased incidence of 12V SMA 1n mycoplasma
Preumona infection The antibody tires rose at
the beginmng of thsease and decreased later duning
the course of illness An mcreased incidence of lg\
SMA i mycoplasma preumonize nfection nas

of, 0 Iner function tests
those with SMA than in those without suggestng
hat Yver drsorders mught be responsible for the
development of SMA However Pervert et at (16)

could not demonstrate any correlation betmeen
abpormal biver £ aet am e v

colitis
of S\
funcuor

»
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MODULATION BY MACROPHAGES OF LYMPHOCYTE
RESPONSES TO PHYTOHAEMAGGLUTININ,
CONCANAVALIN A AND SEMIALLOGENEIC CELLS

EINAR HEM

Laboratory for Haematology and Lymphology Norsk Hydros Insttute for Cancer Research
Montebetlo Oslo 3 Norway

Hem E by of

responses 10 hn A

and semmatlogenerc cells Acta path microbiol scand Sect C 87 17-21 1979

To mvesugate the effect of on rat

activation by pl {PHAY

concanavalin A (Con A) and semsallogeneic cells (umdirectional MLR) mcreasing concentrations of
‘pentoneat cells {PC) were added 10 cultutes of tymph node fymphocyies Lymph node celt preparations
contamned 2-4% esterase posive cells (macrophages/monacytes) Any additional PC seemed only to
inhibit MLR whereas opumal tespenses of PHA and Con A stimulated cultures occurred when 1-2%
abd 3-7% PC respecuvely were added Ten percent PC markedly inhbited the response of both PHA
and Con A stimutated cultures when added for the last 24 h of incubation Inhibatory cells were shown
10 belong to the glass wool adherent poputation of PC

Rey words Lymphocyte activation macrophages

E Hem Surgical Depanment 11 Ullevl Hosprtal Oslo 1 Norway

Recened 17vi 78 Accepted 25 van 78
Macrophages 2ppear 1o play a regulatory role 1n
ymphoproliferative Tesponses induced by a variety
of sumulaung agents  1itro They enhance respon
ses o anugens (13 17 19 21) allogeneiccelis (1 4)
and non-specific mitogens (6 18) and improve
viability of lymphod cells 1n cutture (3) On the
other hand several recent reports indicate that
macrophages present an spleens and  peritoneal
washings of mie and rats can also inhibt
lymphoproliferation (2 § 11 15 16 23 27-29)
Thene dual effeus of macrophages have been
thoroughty reviewed by Mifs 2 (14) Evidence 45
naw emerging which mdicates that enhancement
Will oouur at bwer concenteatsns and inhibition at

enhancement or mhibition of lymphocyte response
The findings suggest that optimal macrophage/
Jymphocyte rauios vary according to the sumulant
used

MATERIALS AND METHODS

An mals

Inbred Tocallv srescn Hngd &
v PR
Po.

a 4 muas wese used

Cilt Suspens

bugher v noentratons of ? © 3318
M) The wim of the present imvestization was 10
study the refat n between the enhancing and the
mhibat 1y effect of macrophages 1n relation to
d flerent tvpes of lymphocy

e sumulation and 1o
find opumal rhage/|

Lymph node il suspension were prepared from
cenvscal and aultar

described (7). Pernoneal celis 'Pcn)oic:r:;o?;'::(:u:y
washing the peruoresl GV with 20 mi phex; hay
bulfered saline (8) \eutrat eserase staiming (20) shos ”
at by oode cell preparatons conganed 244
Fositsne cells {macrophages /man h

fatos for

ocytes) and 1 the PC

10NS 65-30% were heavily stained



The reason for development of SMA 1n infections
15 not known, but also 1n these diseases 1t nught be
hoked with lver cell damage (12) However, 1n
mycoplasma pneumoniae nfection no correlation
could be established between the occurrence of
SMA and elevated transaminase values (5) This
further suggests that the occurrence of SMA 1s not
necessanly related to liver mvolvement

SMA were not detected 1n progressive muscular
dystrophy and they were found with equal frequen
cies In myasthema gravis and controls (19) Thus
the development of SMA could neither be related to
disorder of the muscular system

The same immunofluorescence technque used 1n
this investigation was also employed to detect SMA
1n sera from patients with various ltver diseases,
mcluding CAH, primary bihary curhosis and
alcoholic hiver disease (14) IgG SMA utres above
80 occurred n only HBAg negative CAH, and the
titres decreased in patients treated with immuno
suppressive drugs (17) These data together with the
present findings support the assumption that sera
with high IgG SMA utres are defived from patients
with untreated HBAg-negative CAH

In infectious diseases IgM SMA titres very
seldom exceed 80 {5 11, 12 15) and IgM SMA
titres above 40 were not observed in this investiga
tion Thus high SMA titres found with polyspecific
conjugates are most probably due to IgG antibodies
These titres would therefore be of diagnostic value
equal to high IgG SMA utres

Thts work was supported by a grant frem P Carl
Petersens Fond The author 1s indebted to Professor U
Bertram School of Denustry Aarhus to Dr Kiaus
Lind Statens Serumunstitut Copenhagen and to Dr
Karn Ladefoged Randers City Hospital Randers for
supplying sera for the investigation
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TABLE 2 Effect of hon adherent Peruoneat Cells (PC)
Added 1o Lymph hode Cell Cultures Stimulated with PHA
of Con A

3H thymidine wcorporation (cpm) £  SD
fihisdiisiteindlasinsiin s sinbhi

Es Mito

m:F gen Control 10% son adherent PC

] A TIE0458039 97,140+ T856
ConA 8922426992 1285721099

2 PHA  80379x4743 93158 8837
ConA 96421x7573 151419 = 11 367

k) PHA 6090124355 72603% 6560
ConA 637984879 93009 8508

2% 108 Iymph node cells were cultured with mitogen for
48 h 2x 104 non adherent PC were added at the
imitiation of the cultures Contro] cultures recenved only
medium

.y .
experiments were performed with column purified
Tymph node cells (contammng < 05% esterase
positive cells) and the results obtained demonstra-
ted the same trends as shown 1n Fig |

2 Kinetics of PHA and Con A-stumulated Cultures
with and withous PC

Cultures with and without 10% PC were har
tested at 24 48 72 and 96 b As seen i Fig 2
PHA stimulated PCcontaming cuftures showed
only 2 weak response at all intenals The other
sumulated cultures demonstrated the usual peak
*H thymudine incorporation on days 2 and 3 On
these days the isotope uptake by Con A was
enhanced by addion of 10% PC PC ihus
apparently influence solely the magniude of the
response and not the kinetics

3 Effect of PC when Added onby for the last 24 h on
Cultures Sumutated b PHA and Con A

Ten per cent PC were added 10 stimulated
cultures 24 h before harvest As shown im Table §
PC then mhubited *H thymudine incorporation of
toth PHA and Con A-sumulated cultures

4 Fftect of Non adherent PC
Ten gee onnt mnm atbanar Nem P
DS s . .
oy . ‘.
2+ e iutporauon by both PHA and Con A
sumulsted cultures (Table 2)

DISCUSSION

of lymp by thym
antigens and cells has been d!

to be macrophage-dependent {1, 19, 21) Whether
macrophages are necessary for activauon by Tcell
mitogens has remamned controversial (22. 25)
However, recent data presented by Rosenstreich ef
al {1%) have shown ihat T-<eil sumulaton by
mitogens 15 macrophage-dependent. but the concen
tration of macrophages necessary for mitogen
stmulation may be lower than those Tequured for
stimulation by antigens and allogenesc cells (12, 19,
25) While these vestigations focused on the
muumal number of macrophages necessary to
obtain actrvatron, the present study was aimed at the
determination of the number of macrophages
required for optimal responses in these assays The
results clearly showed that the requirement for
racrophages vaned according to the mtogen used

Thus optimal responses after stimulation by PHA
and Con A occurred when 1-2% PC and 3~7%
PC respectively were added The pertoneal cells
added seemed to inMuence only the magmitude of the
Tesponse and pot the tme course of maximal
sumulation by the nutogens Seemtngly In contrast
to these findings MLR were only mhibited by

additional perstoneal cells Lymph node cell prepara-
tons contamed 2~4% esterase posune cells
{macrophages/monocytes) and this 1S propably
enough for optimal stimulation Any excess ma

crophages will then mhibit proliferation Opumal
concentrations of peritoneal eells enhanced 1§ mpho-
cyte activation by Con A more than by PHA, and
*H thymidine vptake in these Con A-sumulated
cultures was much higher than that of correspon-
ding PHA-sumulated cultures (Fig 1) These
{indings may be telated to the finding 10 mice of tho.

T-ell mitogen responsive populanions. one that 1s
actinated hy PSS ~aa - s

d

- . - .

v Suuauulls Ilave lormerly been made m rats by
Keller (11} He reported that 1-4% »activatedsc
pPenitoneal macrophages enhanced the Tesponse to
Con A, whereas 10% or more were dlearly
whibstory Inhbition by normal macrophages was
L atthe highest e doses only
This 15 apparently n contrast 0 the present
findings However as he used plated macrophages
1n monolayers and spleen celts which coman higher
:{r‘xsun‘;:u;nsl of macrophages than lymph node
els, P Tesulls are not quite comparable Inhibs
Y eflects on 1y mphoproliferation have also been




Cell Culturs

Cell cultures were performed as previously described
(7) Briefly 150 pl cultures of 2 x 105 cells 1n medium
RPMI 1640 with bicarbonate buffer penicillin 100 U/
ml streptomyain 100 pg/mb and 5% fresh rat serum
(FRS) were maintained m round bottom microtitre
plates Con A (Sigma Chemical Company St Louss
Miss Jand PHA (Phytohaemagglutimn P Difco Detront
Michtgan) were added at doses giving maxumal activauon
of lymph node cell cultures 6 25 pg/m} Con A and
0 3% of the reconstituted PHA solution Ja MRL | x
105 Hooded cells were mixed with an equal number of
Fy cells giving a one way reaction M

o
8
3

»
8
3

—

vz
1

H thym d 6t incorporction cpm x 100

cultures were incubated for 48 h (or as shown 1n Fig 2)
and MRL for 96 h The cultures were pulsed with 1 25
#Ci 3H thymidine (speaific acuvity § Ct/mmo! The Ra
diochemical Centre Amersham England) for the last 4
h and harvested on a Muluple Cell Culture Harvester
{Skatron A/S Lierbyen Norway) and the amount of
JH thymidine measured in a santillation counter
Remmal of Adherent Clls

Cell suspensions were punified by incubation on glass
wool columns for 45 min and non adherent cells were
cluted {9)

RESULTS

| The Effect of PC on *H thynudine Incorporation
by Lymphocy tes Stmulated wiuh PHA Con A or
Senti allogeneic Cells

The effect of PC on 1sotope uptake by sumulated
lymph node cells 1s shown m Fig | Low numbers

400

8
8

P4 thym dne neotporot on cpm 110 3
n
g8
—

>

N ~_
\a\a .
| SO T — . —
0 a3 67 10 20 30
*a per toneel cetts odded 1o 2 x 105 lymph node cells

Fig 1 The effect of pertoneal cells (PC) on H
thymidine tncorporatton {cpm) of culwares symutaied by
PHA (O =) Con A (- & -) and semu allogeneic celly
(-0 -} The figures are mean values and standard
deviations of tnphicate (PHA Con A) ar sixduplicate
(MLR) cultures The cultures were incubated for 48 h
(PHA and Con A\)and 96 h (MLR)

12

100} { !
‘/ \ \
3
S \:
ol ¢
k3 48 7; 5‘5 T;O

Hours of ncubat on
Fig 2 haneucs of 3H thymidime mcorporaton lemp? by
PHA stimulated cultures with (- O ~) or withowt
(- ®-) 10% PC and Con A sumulated cultures With
(=0 =) or without (- M ~} 10% PC The figures ar¢
mean values and sandard deviations of taglicate
cultures

of PC(< 3%) ly ent d 3H thynud!
mcorporation of PHA stimulated cultures Higher
concentrations were clearly nhtbitory and at
concentrattons above 10% the response was very
low In cultures simulated with Con A maximal
3 thymuidine mcorporation occurred when 3-7%
PC were added and the isotape uplake was then
more than doubled compared to control cultures
without PC The 3H thymidine incorporation by
Con A sumulated cultures at optimal numbers of
PC was twice that of corresponding optimal PHA
lated cultures At above 30%
PC also marhedly inhibited the response of Con A

TABLE U £ffect of Perit scal Celts (PC) Added o Dy
Node Ccll Cultres Stunsdated weth PHA or Con 4

H thymidine incorporanon (cpm) £ ) SD

Exp Muo

no gen Cantrol 10} PCfor 241

! PHA 82603+ 5560 3030010 356
ConA 103009 9508 475085243

2 PHA 760291133 41917210916
Con\ 89772+ 8910 59087x13349

3 PHA 737982 5479 31421+ 5054
Cani 75467+ 9218 326342 2695

2 x 105 lymph node cells were cultured with nutogen for
48 h For thelast 24 h 2 x 104 PC were added to the cul
tures Control cultures recenved only medium
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demonstrated with human peripheral blood ma.
crophages (23)

[t 15 also nteresting to note that 10% peritonea)
cells added for the last 24 h only, decreased 3.
thymidine uptake by both PHA and Con 4.
stimulated cultures (Table |} This finding, together
with the demonstration of an optimal concentratign
of macrophages 1n the assays probably implhes thag
the mechanism by which macrophages enhange
stimulation by mitogens and allogemc cells ;g
different from those inhibiing lymphoproliferation

The experiments shown in Table 2, provide
evidence that at least the 1nhubitory effect by PC g
caused by glass wool adherent esterase positiye
cells, probably macrophages The stmulatory effecy
in these experiments might be attnbuted to a smajy
remainder of peritoneal macrophages and an
ncrease 1n the absolute number of [ympliocytes

In any case our studies have not only shown thy;
the macrophage concentration 1s a parameter to be
taken nto account when nterpretng lymphoproly.
ferative response in general but also that macrophy
ges at certain concentrations selectively may bloeg
some responses while only marginally affect others
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PRECIPITATING ANTIBODIES
IN DERMATOPHYTOSIS DEMONSTRATED BY
CROSSED IMMUNOELECTROPHORESIS

ELSE SVEJGAARD and AAGE HEIN CHRISTIANSEN

Department of De Unversity of Copenh

Denmark

Sveygaard E & Ch AHP antibodies 10
od smmunoelectrophoresis Acta path microbiol scand Sect C 87 23-27 1979

d by cross

A total of 289 serum specimens from 262 patients with dermatophytosis were studied using crossed
h with

an gel Rabbit antidermatophyte anusera were used as
reference and the antigens were water soluble extracts of Trichophyron (T Y rubrum T mentagrophy tes
M crosporum (M) canis or Ep dermophyton (E) floccosum Each serum was ftested dganst the
dermatophyte antigen correspording 1o the infectious agent of the patent tn question Antdefmatophyte
antibod es could be demonstrated 1n 25 (9 %) of the pauents and these were parucularly frequent m
patents with highly inflammatory lesions and those with chromc dermatophytosis cavsed by T
rubrum Antibodies were detected 1n all four patients with kerion Celsi. Mine patients five with acute
dermatophytosis and four with chromic disease who had precipnauing anbbodies 41 the mmat
examunaon were studied several umes during the course of the disease While the antibodies
d sappeared 1n all the patients with acute disease they persisted in those With chrome dermatophytosis

The human antibodies showed marked cross reactivity with T rubrum T mentagrophytes M can's
and E floccosum

Key words Dermatophytosss precipuisting anttbodies crossed immunoelectrophorests

€ Svejgaard Department of Dx Uraversity of C

Denmark
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Circulating anubodies have often been found n
laboratory animals and humans with detmatophy
osts There has been some disagreement however
concerning the speaificity and frequency of these
amtibodies This may be due to vanavons yp a
number of factors including 1) the immunologscal
methods employed 2) the antigens used 3) the yme
dunng the course of infection when blood was
drawn  4) the climcal whether

rests (CIE) was used to determine the occurrence of
precipitating antibodies tn patients infected with T
rubrum T mentagrophytes T terrucasum T
violaceum M camis of E floccostm Standardized
evtracts of four of these species were ysed as
anugens We also attempted to determine whetber
the presence of precipitating antibodies was related
1o wfection with specific dermatophytes Fually
we l?okad for an assoCiation between clintcal

chrome or acute  superfical or deep S) she

immunological responsiveness of the mfected per

son 1¢ hyperreactivity as shown by the develop-

ment of dermatophyuds or hyporeactivity 2s seen 1n
6) the

and spe
Gies invohved anthropophilic or zoophitic (4 6 7
1))

In the present study crossed 1mmunoclectropho-

and the produc-
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PATIENTS AND METHODS
Fatients The study comprsed 261 consecy
pautnts with dermatophytosss caysed by Tm::bom
021D T mentagrophytes 4 ar

ar interd;
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coatcols serom plus 3 6 ml 1% agarose The feference
g¢l was made of 0 5 ml reference serum plus Tmii%
agarose (Fig 1)

A posiuve result was defined as the appearance of
preapiuates Or remunuscences Of precipiates { apward
ferte} 10 the intermediate gel A control plate With no
serum 1 the miermed ate gel was run m each experiment
1 order 10 avond difficulsy 1n the mterpretation of
precipitates 1 the upper part of the mtermediate gel
Precyp t21es 10 thys afea may Onganate in 1he Teference
el
¥ A high Iipid content 1n the test serum 1s apother
possble source of error This may cause intense
backgeound stanng  thus obscuning weak precipuates
2}

RESULTS

Cansecutuse sera In 25 out of 262 sera as many as
four precipitates were observed wiile no precipita
tes were séen 1n the remainder The results are fisted
and compared with the chinical manifestations of the
fection 1n Table | Precipjtating antibodies were
rare 1n patients with uncomplicated soperficial inea
(28%) while they were seen to develop 1n patients
with acute inflammatory tmea pedss (62 5%)
Precipuating antibodies were seen n the sequm of
all four chuldren with deep dermatophytosis of the
scalp Humoral anubodies were seen twice as ofien
in pauents with chrome focalized 7 rubrum
wfections as 1 those With acute dermatophytosis
aused by T rubrunt Several preciputates developed
1 the serum of two patients with generalzed
dermatophytosis No precipitates were seéen in sera
from the controls

Precipitates Generally one specific orecpitate
was recognizable on each of the positive plates Thus
precipitate appeared 10 be the same when the
posiuve plates from patiemts were compared with
control plates {n sera from patents with chrome
generalized dermatophytosis 1t was seen together
wih various other precipiates The precipitate 15
shown 1 Fig 1 with the arrow 1o the nght

Follow up stud es The CIE was repeated several
umes during the treatment of four patients wyth
chromg dermatophyiosts caused by T rubrum three
chudren with kerion Cels1 and two patients with
e Y unea pedis by
dermatophytids on the hands The results from
theee patients from this follow up study are shown
n Table 2 Precipriaung antbodies were consss
tently present in patients with chiony infecuons
Among pabents with acute tnfections these antibo-
dies were demonstrated only in those with severe
wflammation In sl patients with acute disease the
antbodies dhsappeared after three months

NP

——

Fig 1aand b Precipiang anubod es 1o T rubrumina
pauent with generalized 7 rubrum mfection studied by
ssed

with gel
a test plate

b control plate
Antgen Water soluble 7' rubrum anugens
Anubodiey el ot test plae 1

bulis fracuon from patsent. Intermeduate gel on controf
plaz No serum

Reference gel Immunoglobulin fra
2ed rabbty

Precipriates and mpw ard feete 2z shown by arrows

Cuon from immum



(n=35), £ floccosum (n=353), or M canis (n=14}
Seventy of the patients with T rubrum or T violaceum
had a chrome infection Eight patients with tinea pedis
caused by T mentagraplysies var granulare also had
vesicular dermatophytids on the hands Four children
had kerion Celst caused by the zoophilic dermatophyte
species (3 cams, T verrucosum, and T mentagrophy tes
var granulare) The remainder of the pauents (n = 180)
suffered from ticated acute der tosis with
slight to moderate symptoms on glabrous skin, the groin
and/or the feet

Controls Twenty females of the staff without signs of
or history of dermatophytosis were included as controls

Antigens Water-soluble punified extracts of 7 ru-

from a few of the patients at weekly or montly
imtervals One sample was taken from each of (he
controls
1} Reference serum pools were taken from rabbits
mmunized with extracts from the four dermatophyle
species  The immunoglobultn fracuions from both the
patient and control serum, as well as the rabbit serum
were concentrated by salung out with (NH S0 2
described previously (5) This procedure increases the
immunoglobulin mnoenlralmn four to five umes
Crossed with intermeduate gl
This techmique differs rmm the conventional crossed
1 the of an mtér
mediate gel contaiming test serum between the itl

brum T mentagrophytes, M cams and E [l
were prepared as described in detal elsewhere (5)

the antigens in the first d
run and the gel contamng reference serum The
esis was carried out n | per cem

Briefly, lyophilized mycelia were n a bal]
mill, and the extracts were adjusted with sterile water to
contain 10 mg protein per ml The antigen solution
contained from 25 to 35 different proteins depending on
the species of the dermatophyte (5) As a rule the antigen
used was extracted from the corresponding dermatophyte
(Tables | and 2) In the follow-up study, other
dermatophyte extracts were also used to mvestigate the
possibility of cross reactivity

Sera 1) Blood samples were drawn from the patients
as soon as the was
ed, iz when the disease was active Samples were taken

agarose gel 1 barbital buffer Details regarding equiP
ment and techmique are described 1n Axelser ef al 1973
(2 and Christiansen & Svejgaard 1976 (5) A type of
agarose with a low electroendosmoss (Litex, 1ype HSA.
Glostrup, Denmark) was used to counteract the tenden<y
of immunoglobulins to move toward the cathode THIS
can cause contamination of the intermediate gel w:lh
from the refe gel, thus the
difficulty of interpretation in this complex system of
antigens In this study, the mtermediate gel {dmensions
10x2 4 cm) consisted of 04 mi of the patents F

TABLE | Circulanng Antibodies against Dermatophs tes in 262 Sera from Patients with Dermatophy tosts

Toial Positive sera
Climucal Der phy number Anligen
of sera number per cent )

Acute, uncomplhicated T rubrum 63 4 64 T rubrum
Tinea corpons, pedis T mentagrophy tes
and cruns var granulare et 48 0 0 28 T mentagrophytes

var interdigitale var -granulare

E floccosum 53 1 19 E floccosum

M cams 13 0 [} A canis
Acute Tinea pedis with
dermatophytids T mentagrophyles T wmentagrophy fes
on the hands var granulare 8 H 625 rar granulare
Kerion Celst T mentagrophyfes T mentagrophy tes
of the scalp var granulare i i var granulare

T serrucosum 2 2 -

M cams | | M canis

focalized T rubrum 67 9 134

Chrome T violaceum 1 0 o 157 T rubrum
1nfections penerayzed T rubrum 2 2 100
Total 262 25 95




those charactersstic of acute or sub-acute contact
dermaptis  Immunofluorescence  studies  have
shown mmmunoglobulms deposited m kerion Celst
Iestons (9 11} Speafic humoral antibodies as
demonstrated by CIE may play a role m the
elmmation of fungal antigen tn this type of
wfection The siruation could be compared 1o the
Arthus type reaction 1n which antibody excess leads
0 the precipitation of antigen antibody complexes at
the site of infection
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TABLE 2 Follow-up Studies of Circulating Antibodies against Dermatophytes In Three Pafients v ith Dermatophy tosts

Date

Patient Chnucal mamfestanon  Dermatophyte ofa bleeding Results Antigen
KR Acute Tineapediswith T mentagrophytes 19741127 1p T grophy tes
dermatophytids var granulare 1 . T rubrum
19750218 - . T mentagrophytes
19750312 - - T mentagrophytes
19750710 - - T mentagrophytes
HSL Kerion Cels T verrucosum 19740729 1 precipitate T mentagrophytes
i . T rubrum
19740823 [ - T mentagrophytes
19741017 1 - T mentagrophyies
19750123 - . T mentagrophytes
BL Chronic generalized T rubrum 19721026 4 precipitates T rubrum
3 - T mentagrophptes
2 . £ floccosum
1 - A canis
19760203 2 - T rubrum
19760611 2 . T rubrum
19760917 2 - T rubrum

DISCUSSION

The CIE was used 1n this study of dermatophyte
antigens because this method has been used
fully 1n the g of other bial

antigens such as those of Candida albicans (1, 2)
This previous success was due mamly to the
sensitvity of the method, making it possible to
d rate a ltitude of n hial
extracts The use of CIE with an intermediate gel
containing human sera has confirmed the sensitivity
of the method 1n determining human tmmunologs-
cal response This method 1s parucularly recom-
mended for studies of humoral antibody response to
nfections characterized by a complexity of antigens
and low titre antibodues (2)

1In contrast to what has been found previously in
patients with candidiasis (1), the present study
demonstrates that only a few of the previously
detacted 2535 dermatophyte antigens are respon
sible for the precipiin production 1n human sera
(Fig 1) The largest number of precipitates (four)
was found In each of two patients with chromc
generalzed T rubrum nfections (Table 2) Only
patients with chronie spfections had more than one
precipitate, While sera from patients With acute
dermatophytosts contamed only one precipitate or
mnward Teet« The location of this precipitate was
consistent from pattent 1o patient

Cross reactivity between different Trichophyton
species was demonstrated 1n the follow -up stuthes

(Table 2) Extracts from T rubrum and T
mentagrophy tes could be used equally well 1o show
humoral antibodies 1 patients infected with these
two dermatophytes as well as T errucosum
Extracts with £ floccosum and M cams 2lso
showed crossteactvity, though fewer precipitates
were seen

Our results confirm the hypothesss that humoral
antibodies are produced 1n patients with dermato
phytosis The follow-up studies showed that these
antibodies persist for a imuted peniod afier cure of
the nfections, while they persist 1ndefinitely 1
patients with chronic dermatophytosts

The biologieal signficance of humoral antibody
production 1n dermatophytosss is sull obscure Itis
generally d that cell ed
Tepresents the major type of defence agamst
dermatophytes (10), but 1t cannot be excluded that
humoral antibodies also play a role Precipuns
posstbly 1n combmation with nop-specific serum
factors, mught mhibit the mvasion of dermatophytes
to deeper tissues (3) In patients with chronic
dermatophytosss, the presence of fungal antigens 1n
the skin mught trigger several mmunological
mechantsms, 1€ both the cell mediated and the
humoral antibody response

The mechanssms mvolved 10 the formation of
kernon Celst are not clear Mycological exanunation
reveals hyphae and spores in the hairs, but these
fungal elements are frequently difficult to demon-
strate The fistological mamfesietions are sunilar to




Acta pat microbiol scand Sect C 87 26-36 1979

ANTIBODY RESPONSES IN URINE AND SERUM
AGAINST ESCHERICHIA COLI O ANTIGEN
IN CHILDHOOD VRINARY TRACT INFECTION

A SQHU AKERLUND § AHLSTEDTY) L. A HANSON and U JODAL

f Pediatnes
1 1 Institutg ©f Meducal Aicrobology and Depaniment  of
Department. of Lmmunogy, o of Goteborg Goteborg Sweden

Soht Akerlund A Ablstedt, S Hansn L. A & Jodal U Anubody response m urine and serum
agatast Escherschia colt O anugen (n chuldhood urnasy tract nfection Acta path microbio] scand Sect
C 87 29-36 1979

Urine and serum aptibodies agamst the Mmfecung E coli stran were recorded wsimg the enzyme finked
immunosorbent assay in 22 infants and children with acute pyelonephnus or cysuus In most patents
with pyclonephnius pronounced ncresses 10 the unine 35 well as the serum gutbody levels were
recorded m contrast 10 the patients with Cystus High 1¢G TeA and secretory Tz antibody Ievels were
getocted 1 the urme samples from (£ of 13 girls wath pyelonephnitis Occastooally TeM anubodies
were also demonstrated 1n the upne from some of these patients Increased serum IeG TgA and IgM
antibody levels Were noted 1n the patieits With pyelonephritis and secretory IgA antbodies could also
be detected 1 the serum [rom most of these patients Comparison of the anibody Jevels 1n unne and
serum Tevealed that secretory TgA anupodies appeared earlier i the urine than m the serum from § of
15 patients with acute pyelonephrits Suggestng a local antibody production ithin the urnary tract
Tbe peak of the urine TgA antibody levels was reached within 10 days after onset of infecton 1 8 of
13 gars wath pylonephnus The patents With acute cysutis had low tnine and serum antbody levels
throughout the course of ifecion Five of 7 patients with cystus had unine SIgA antibodies 15 the

absence of such serpm anybodies IndIRLNE 2 Jocal anubody formaudn i the jower enmary wract of
these pa sents

hey words Anubody responses Escherich a cofi O antigen childhood urinary tract infecuon

A Sohl Akertund Department of frimunology lasttute of Medical Micxobiology Umsversuy of
Goteborg Guldhedsgatan 10 S—§13 46 Goteborg Sweden

TReened Y2 Aopied ¥ 1178

n most studies of the tmmune response dunng
uninary iract infecuons (UTD the serum antibodies
hase been investigated Such antibodies can be
useful for the tevel dgross of UTL{LY 27) and
hase also been found protective in €xperimental
hematogenous infections 1n rabbus {18) Since UTY
1n humans 1s believed (0 be manty of the ascending
e anubodies detectable i the urine Must also be
consdered  Lnine anubodies aransy the infecung

_—
*1 Peesant addrecs ASTRA Lakemedes AB Research

and Dervclopment Latofatorwes S-151 85 Soderale
Sweden

organsm have been reported to occur i pauents
with acute pyelonephrstis (8 12 28) as well as n
pauents with acute cystis (5) and asymptomatic
bacteriuria (12) The antibodies present in the urige
may bind to the infecing bactern and can be
detected 1n the unine sediment from patients wuth
UTI 115 25) Furthermore speaific antibodies
2gainst £ colt antigens have been reported (o be
synthesized 1n the unnary tract (4 19 2¢) Such
unmry antibodres of the IgG and IgA classes were
also shown by Smith and 2ssociates 10 be local:
produced in the kidneys of Tabbiis with experime; ‘
1l &)!lontphrllﬁ 22 23 "
OSE previous studies 1y estigating ant
huran urine have been performed of: mi";ﬁxz
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urine samples Concentration techmques however
cause degradation and denaturation of the antibo

the patients were treated for 10 days with pivampicillin
{50 mg/kg day) or sulphafurazol (200 mg/kg day)

dies (8) These problems can be el d by

ding to the

employing the enzyme linked bent as
say ELISA (3) that 1s sufficiently sensitive to
quantitate antibodies 1n unconcentrated urine samp
les (12) Furthermore the ELISA has the advantage
of measuring separately and with similar efficiency
(1) the antibodies of the different immunoglobulin
classes including secretory IgA

In a previous preliminary study we have reported
urinary antibodies appearing during UT! using the
ELISA (12) The present investigation was aimed to
give a more detailed picture of the urine and serum
antibody response 1n sequences of samples from
children with infections at different levels of the
urinary tract We wanted to analyse the urine
anubodies with special reference to their appearance
1n relation to serum antibodies their time relation to
the onset of the infection and the possiblity that they
at least partly could be locally produced Finally we
wanted to determune 1f the antibodies 1n the urine
samples which are more easily available than serum
particularly from mfants and children could be used
for differentiation between upper and lower UTI

MATERIAL AND METHODS

Fatients Twentytwo infants and children with sigmifi
cant bacteriuria (2 10° bactena/ml) caused by Escher
chua colt presenting at the Childrens Hospital Gote
borg were included 1n the study Out of these 13 were
girls with acute symptomatic pyelonephnitts ¢ e with
fever exceeding 38 5° C and fulfilling at least two of the
g criteria renal

ting capacity in relaton to age increased erythrocyte
sedimentation rate ESR (>>25 mm/h with the micro
method) or increased C reactive protein CRP (>20 mg/
1) (13) Nine of these 13 patients (age 8 months to 8
years) had thesr first known attack of pyelonephritis and
4 patients (age 4 to 10 years) had recurrences with
previous infections between 10 and 30 months earlier
Three girls observed with their first known attack of
acute pyelonephriuis recurred within one month with a
second UTI caused by bacteria of the same serotype as
during thewr first wnfection These infecuons were also
ncluded 1 this study In additon two boys | and 2
months old having therr first known attack of
P were d bladder
puncture was performed on these y ung pauents to
obtain vrine for bacterial cultures

Seven girls age 2 to 16 years had acute cysttis 4 had
their first known UTI and 3 had recurrent attacks The
critena for the dragnosis of cystiis were symptoms of
burning and frequency absence of loin pain temperature
not exceeding 38 0° C and normal concentration
capacity ESR and/or CRP level

In all patients with UTI the first day with fever or
other symptoms was taken as the onset of infection All

30

pyel {IVP) and eysto
urethrography (MCU) was performed on all patients
with acute pyelonephnitts No obstructions were recor
ded but S patients had vesicoureteric reflux to the renal
pelvis but without any dilatation Parenchymal reduction
was seen in one of these cases Only 2 patients with acute
cystiis were radiologically examined and in both the
results were normal Consecutive urne and serum
samples were collected from all children during the
follow up All samples were stored at —20° C without
any addition of preservative The urines were centrifuged
at 2000 g for 10 mtnutes before analysis

Antigens The £ coli 1solates from the patients were O
grouped by direct bacterial aggluunation employing
specific antsera (20) Strains spontaneously agglutinating
1n saline were designated OR

A pool of strains of the 8 £ colr groups most common
1n UTI was used as antigens for the references in the
ELISA (14) The urine and serum samples from each
palient were analysed against the O antigen of the
infecting strain  Somatic O antigens were prepared by
heat extraction from the E coli urinary isolates and from
the 8 strains mentioned above (10) The determunation of
the serotypes of the K antigens was performed as
described by Kayser (16)

Antibody deternunations The samples were investiga
ted for O antigen specific antibodies of the IeG IgA and
IgM classes as well as for secretory component carrying
antibodies secretory IgA (SIgA) The antibodies were
recorded with the enzyme hinked immunosorbent assay
ELISA (3) as earlier described (1 14) The alkaline
phosphatase (Sigma Chemical Co St Lowss USA}used
for conjugation with the ant: immunoglobulins had 2
specific activity of 1140 U/mg protein

A serum sample was used as reference for IsG IgA
and 1gM antibodies and a pool of human milk for SlgA
antitbodies The highest enzyme activity obtained in any
dilution of the samples was expressed 1n per cent of the

ding dilution of the

Creatinune analysis The creatinine concentrations of
the urine samples were determuned using a Technicon®
Auto Analyzer (Techmcon [nstrument Co Ltd  Cher
sey Surrey Great Britain)

Statistics The Spearman rank correlation test and the
Wilcoxon rank sum test were used for staustical analyses
2)

RESULTS

Patients with Acute Pyelonephritis

Urinary antibodies Antibodses of the 1gG and
IgA classes as well as antibodies carrying SC were
detected 1n the unine samples from all patients with
pyelonephriis The antibody levels obtained with
the anti IgA conjugate parallelled those obtaned
with the anti SC conjugate but due to too few
samples from each patient no statistical evaluation
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urine samples Concentration techmiques, however,
cause degradation and denaturation of the antibo

the patients were treated for 10 days with pvampicy] o
(50 mg/kg day) or sulphafurazol (200 mg/kg day)
to the b

dies (8) These problems can be el d by

(IVP)and o

employing the enzyme linked bent as
say, ELISA (3) that 1s sufficiently sensstive to
quantitate antibodies 1n unconcentrated urme samp
les(12) Furthermore the ELISA has the advantage
of measuring separately and with simular efficiency
(1) the antibodies of the different immunoglobulin
classes including secretory IgA

In a previous prelimmary study we have reported
urinary antibodies appearing during UTI using the
ELISA (12) The present investigation was aimed to
give a more detatled picture of the urine and serum
antibody response in sequences of samples from
chidren with infections at different levels of the
urmmary tract We wanted to analyse the urine
antibodies with special reference to their appearance
1n relation to serum antibodies their trme relation to
the onset of the infection and the possiblity that they
at least partly could be locally produced Finally we
wanted to determune 1f the antibodies 1n the urine
samples which are more easily available than serum
particularly from infants and children could be used
for differentiation between upper and lower UTI

MATERIAL AND METHODS

Fatients Twentytwo infants and children with sigmfi

cant bacteriuria (= 105 bacteria/mi) caused by Escheri

chia colt presenting at the Childrens Hospital Gote
borg were included in the study Out of these 13 were
girls with acute symptomatic pyelonephnitis ¢+ e with
fever exceeding 38 5° C and fulfilling at least two of the
following criteria y d renal

Py
urethrography (MCU) was performed on alt patiepts
with acute pyelonephritts No obstructtons were recor
ded but 5 patients had vesicoureteric reflux to the repa]
pelvis but without any dilatation Parenchymal reduct,gn
was seen 1n one of these cases Only 2 patients with acyte
cysuns were radiologically exammned and in both pe
results were normal Consecutive urine and serym
samples were collected from all children during the
follow up All samples were stored at ~20° C withyyt
any addition of preservative The urines were centrifuged
at 2000 g for 10 minutes before analysis

Annigens The £ colr 1solates from the patients wete O
grouped by direct bacterial agglutination employing
specific antisera (20) Strains spontaneously agglutmating
1n salime were destgnated OR

A pool of strains of the 8 £ colt groups most common
n UTI was used as antigens for the references 1 the
ELISA (14) The urine and serum samples from each
patient were analysed agawnst the O antigen of the
nfecting strain  Somatic O antigens were prepared by
heat extraction from the £ colt urinary isolates and from
the 8 strains mentioned above (10) The determunation of
the serotypes of the K antigens was performed as
described by Kayser (16)

Anuibody determinations The samples were 1nvestiga
ted for O antigen specific antibodies of the IgG IgA and
IgM classes as well as for secretory component carfying
anuibodies secretory IgA (SIgA) The antibodies were
recorded with the enzyme linked immunosorbent ass2y
ELISA (3) as earlier described (1 [4) The alkahne
phosphatase (Sigma Chemical Co St Louis USA) used
for comjugation with the antt immunoglobuhins had a
specific acuvity of 1140 U/mg protein

A serum sample was used as reference for I18G I2A

ting capacity 1n relatron to age er
sedimentation rate ESR (>25 mm/h with the micro
method) or increased C reactive protein CRP (>20 mg/
1) (13) Nine of these 13 patients (age 8 months to §
years) had their first known attack of pyelonephritis and
4 patients {age 4 to 10 years) had recurrences with
previous infections between 10 and 30 months earlier
Three pirls observed with their first known attack of
acute pyelonephritis recurred within one month with a
second UTI caused by bacteria of the same serotype as
during their first infectton These mfections were also
included 1n this study In addition two boys 1 and 2
months old having their first known attack of
phritis were 2 p bic bladder
puncture was performed on tht  young palents to
obtain urne for bacterial cultures
Seven girls age 2 to 16 years had acute cystitis 4 had
their first known UT{ and 3 had recurrent attacks The
cnitersa for the diagnosis of Cystitis were symptoms of
burning and frequency absence of loin pain temperature
not exceeding 380° C and normal concentration
capacity ESR and/or CRP level
In all patients with UTI the first day with fever or
other symptoms was taken as the onset of infecuon All

an

and [gM and a_pool of human milk for SigA
antibodses The highest enzyme activity obtawned 1n any
dilution of the samples was expressed 1 per cent of the
cor dilution of the
Creanntne analysts The creaune concentrations of
the urine samples were determuned using a Technicon
Auto Analyzer (Techricon Instrument Co  Ltd  Cher
sey Surrey Great Britain)

Staustics The Spearman rank correlation test and the
Wilcoxon rank sum test were used for stastcal analyses

RESULTS

Patients with Acute Pyelonephritis

Urinary antibodies Anubodies of the 1¢G anq
IgA classes as well as antibodies carrymng SC were
detected 1n the urine samples from all patients with
pyelonephritts The antibody levels obtained with
the anu IgA conjugate parallelled those obtamed
with the antt SC conjugate but due to too few
samples from each patient no statistical evaluation
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TABLE | Anubody Lerels st Urine and Serum from Panients with Acute Pyelonephris and Cystis The Antibods
Levels were Measured agamst Somatic Antigen Prepared from the Infecting E colt strauns and were Expressed as per
Cent of References Mean and (Range) of Heghest ¥alues Encoutttered 1 the Pagients are Gnest

Urine antibodies

Serum antibodies

Duagnoss Sex  n G Iga SigA g\ 1sG g SigA TeM

Pyelonephnite, F k] 41 64 37 6 183 97 21 93
(6=201)  (3-221)  {11-8T)  (0-26)  (44-266)  (6-632)  (0-91) 146 159)

Pyelonephritis M2 3 6 10 0 30 12 [ 0
(5-101 2-10) 8- (149 1028

Cysuus F 7 4 6 i0 L] pal 10 1 43
0-17) (0-16) (0-24) 139 t5-16) (0-8) (8-63)

could be performed The antibodies carrying SC
were obviously of the SIgA type, since most urines
contamned no IgM antibodies

Increases of the urime antibodies to the O antigen
of the patient s strain were seen during the course of
infection tn most of the patients with pyelonephritis
The IgA antibody levels i the urines 1ncreased 1n
10 of the 13 girls but not i the 2 mfant boys (Fig
1a) Simular raises 1n urine IgG antibody levels were
seenin 7 of the 13 gurls (Fig 1b) No increased urine
1gA or 1gG antibody levels were noted 1n 2 of the
girls and the 2 infant boys In only 4 patients IgM
antibodies could occasionally be recorded

reinfected within one month showed varying
antibody amounts tn therr urine (Figs 2a-~) Patient
A had a pronounced response of IgG 1gA and SigA
antibodies after the first infection When she
recurred with an acute cystitis caused by an £ o
strain of the same O group as 1n the first mfection
only low levels of urine antibodies could be detected
When she attracted another attack of acute pytlo
nephritis caused by enterococct (Fig 2a) high
antibody levels against the £ colt strain causing the
previous UTI s were recorded I1gM antibodies were
found 1n the urine of patent A but only after the
first acute pyelonephritis In patient B only a

d bad was seen and onty after

The unine antibody levels of any
class measured in the girls with first and with
recurrent pyelonephritts did not differ (p>0 10) as
tested with the Wilcoxon rank sum test Therefore
the results from these patients are presented
together The means and ranges of the maximum
antibody levels for the different immunoglobultn
classes recorded 1n the girls with pyelonephritts are
shown in Table | The antibody levels showed large
mdividual differences but with increases in most
patients In 3 gitls the urine anubody fevels were
low 1n the range of those obtained 1n the patents
with cysttis One of the stramns causing the

the first UTI (Fig 2b) whereas no such urnne
antibody response could be detected 1n patent C
(Fig 2c)

Antibodics of the 1gA and TgG classes agamst the
mfecting bacteria appeared at the same time i
relation to the onset of infection in the urne
samples from 9 of the girls and the 2 boys wilt
acute pyelonephritis in the unnes from the other 4
girls the IgA antibodies were detected after the IgG
anubodies The IgA and [gG antibodses reached
thetr maximum levels on the same day m 9 of the
girls wah pyelonephritis In 2 patients the IgA

bodies reached e mauma before the 15G

mfecttons i these girls was usly agglutt
nating 1n sahne (OR) while the others belonged to o
groups | and 18 The values of the girls with
pyelonephriis sl differed from those of the
patients with cysutis {p<0 81) as esied with the
Wilcoxon rank sum test The tnfant boys with acute
pyelonephritis differed from the girls and only had
low levels of urtnary IgG IgA and SlgA antibodies
(Table | and Fig 1) without any pronounced
Increases

The 3 girls with pyelonephritis who became

anubodies and n another 2 patients the opposite
pattern was seen  The tughest levels of IgA
antibodies against the nfecung L ¢olt stramn
appeared within 10 days after onset of the nfection
1n the uripe from 8 of |3 girls The urine anttbodies
did not oniginate from the plasma as indicated by
the lack of correlation between the urine antibody
fevels and the creatimine Coneutrations w the urines
(p>>010) as tested with the Spearman rank
correlation test



The presence of bacteria 1 the urne samples
particularly dunng the fisst days after imtiation of
treatment may result m falsely low urme antibody

findings of incseased urine antibody levels may help
10 the diagnosss of UTT with differentiation between
upper and lower infection

values because of of urme antib It
was found that an addition of 106-107 bacteria/ml
unne decreased the unne antibody levels by
approximately 50 per cent (6

Much of the antibodies recorded n the urine may
be locally produced 1n the urnary tract Thus SIgA
anhibodies appeared 1n the urine from some of the
patients with pyelonephritis and most of the patients
wih cystis before such antibodies could be
detected 1n the serum Furthermore there was a
good correlation between the antibody levels deter
mined with the ants IgA and the ant1-SC conjugates
mdicating that much of the IgA antibodies was of
the secretory type which 1s produced locally (7) For
the IgG antibodies however the present study does
not give any information as to whether or not they
were locally produced m the urmary tract Such a
local production of some of the IgG antibodies was
Quepesterd na nrav A oot Ay b sbad o

. -
locally synthesezed 1n the kidneys of rabbits with
experimental £ colt pyelonephritis (22 23)

In an expertmental model ustng rats local
wmunzation w the bladder seems to protect
against ascending pyelonephritts via unne antibo-
dies (17} Such a protective role of the antbodies tn
the vripe from humans has not been definttely
established but the dufferences 1n several characte
nistics of the bactera 1n patients with untreated
ABU compased to those causing acule cysitis ot
pyclonephriis may be the result of a selection
pressure caused by unne antibodies resulting m
»antigenic dnfte (5 21) One possible important
mode of protection by unne antibodies 15 suggested
by the observation by Svanborg Edén & Svenner

ot Ahnt ~ L

.

e

The unne antibody levels recorded with the
ELISA can not be used as a single diagnostie.
measure to diferentiate pyelonephritis from cystitis
patients since in 2 of the 13 girls with py¢lonephry
Us no raised antbody levels were seen The
observation that the serum and urine antibodies
could not be used diagnostically in small ifants
with acute pyelonephritss agrees With an earlier
teport of thewr deficient serum antibody response
) Together with other entena (12) however, the

The skalful teckmcal asswtance of Lena Beffer 15 very
much appreciated This study was supported by grants
from the Medical Faculty of the University of Goteborg
the First of May Flower Fund the Swedish Medical
Research Courcil (project no 215} and the Effen Walier
and Lennart Hesselman Foundation for Scieniific Re
search
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Serum antibodies and their relation {0 urine
tbodies The serum antibody levels increased ;n
all patients with pyelonephritis except 1n one of the
2 infant boys The serum antibody values 10 the
guls with first and those with recurrent attagks
showed no statstically significant differences
(p>0 10) as tested with the Wilcoxon rank sym,
test so these patients were evaluated together The
highest levels of IgG antibodies 1n the girls appeareq
about 2 weeks after the onset of the infection and
the IgA SIgA and IgM antibody levels reached theyr
maxima after | to 2 weeks Increases in the serum
IgA antibody levels were found 1n 9 of the girls ang
in | boy as shown in Fig Ic In 9 girls Igp
antibodies appeared before SIgA antibodies 1n the
serum and in 3 they were detected 1n the same
serum sample One girl lacked detectable serum
Sled anbedes The Sled antdodes wase Swgg
within 10 days after the onset of the nfection in the
serum from 10 of 13 gurls The IgG antibody leveys
rose 1n all except one boy (Fig 1d) and the Ig\f
antibody levels mcreased 1n 8 girls In the 2 infang
boys no serum IgM antibodies were recorded The
means and ranges of the maxmum serum antibogy
levels are given in Table | The anubody values
showed large individual vaniation but were sigmf;
cantly different from those obtained in patients with
cystitis (p<<0 01) as tested with the Wilcoxon rank
sum tes¢
The serum antibody patterns for the 3 girls wity
recurrences withm one month are shown 1n Figs
2a— High levels of the 1gG IgA and IgM
amtibodies were recorded tn patient A after the firgt
infection (Fig 2a) The SIgA levels also rose In
patient B IgG IgA and IgM antubody responseg
were recorded after the first wmnfecuon onfy The
SlgA antibodies increased shghtly (Fig 2b) Iy
patient C the antibody increase was slow and only
the 1gG and IgM antibody levels rose (Fig 2¢}
Serum SIgA antibodies were detected before
urine SlgA antibodies 1n 3 of the gurls with
pyelonephritis Another 5 patients had SIgA antibo
dies detectable on the same day in the serum ang
urmne and 1n 3 patients serum antibodies of the SIgA
type appeared after the urine SIgA antibodies {In2
patents nterpretation was impossible due ta
differences 1n the timing of sampling ) In the 2 boys
SIgA antibodies could not be recorded n the serum
either durmg the infection or follow up period but
such antbodies were found n the urine Serum IgG
antibodies were detected exther before or on the
same day as urine IgG antibodies In no patient did
serum IgG antibodies appear after urine antibodies
(n 6 patients the difference 1n samplmg of the
serum and urine made nterpretation of I1gG
antibody appearance smpossible ¥

34

Patients with Acute Cysutis

Urinary antibodies Urine antibodies were detec
ted 1n all except 2 patients with acute cystitis The
levels of IgG IgA and SigA anubodies were low
thr the study as it d for IgA and I3G
antibodies 1n Figs le and 1f The antibody levels
obtained 1n the patients with their first attack of
acute cystitis did not differ from those  patients
with recurrences The means and ranges of the
antibody levels are given 1n Table 1 showing that
some of the antibody values were as high as those
found n a few patients with acute pyelonephritis
The antibody levels 1n the group of patients with
cystiis were however sigmficantly lower than
those recorded 1 the group of patients with
pyelonephritis (p<<001) as tested with the Wil
coxon rank sum test

fgA and (G anqbodies were detected on (fie
same day 1 the urine from 4 of the 7 patients with
cystitis In one patient IgA antibodies appeared after
1gG antibodies and in the remaming 2 patients no
urine antibodies were recorded

Serum antibodies and their relation to urine
antibodies Low IgG IgA and 1gM serum antibody
levels without any consistent increases were recor
ded 1n all patients with cystiis (Table 1) Antibodies
of the secretory type could be detected 1n the serum
from only one pattent while these antibodies
appeared 1n the urine from $ patients One girl had
serum SIgA antibodies 1n the absence of urine SIgA
antibodies and one lacked both serum and unne
SIgA antibodies All patients had serum IgG
antibodzes detectable either before or on the same
day as urine IgG antibodies

DISCUSSION

The findings 1n the present study of high levels of
1gG IgA and SIgA antibodies against the O antigen
of the infecting strain 1n the urine from patents
with pyelonephnitis correspond fo our earlier
preliminary report {12} The urine antibody fevelsn
the patients with acute cystius were low compared
to those found in patients with pyelonephrits They
were also shghtly lower than those previously
reported 1n patients with asymptomatic bacterunz
ABU (S 12) but were increased 1n comparison {0
healthy children where low levels of IsG and
occastonally JgA but not SIgA anti O antibodues are
observed (12 Soh! Akerfund unpublished results)
The higher antibody levels found i the patients
with ABU compared to those with cystiis may be
explamned by the ABU patients oflen carrying their
bacteria for long periods possibly resulting 1 2
sumufation of the immurie syster
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PRECIPITATION OF STREPTOCOCCAL
PEPTIDOGLYCAN BY HUMAN SERA: INFLUENCE
OF ANTI-IMMUNOGLOBULINS

CLAES SCHALEN and POUL CHRISTENSEN

The fastitute of Medical Microbiology, University of Lund, Solvegatan 23, 5-223 62 Lund Sweden

Schaten C & Christensen P P of 4) by human sera Influence of
att mmunogiobufins Acta path microbiol scand Sect. C, 87 31-40, 1979

Antibodies o streptococcal peptidoglycan (PG) were detected by gel preipitation in 38% of sera from
blood donors and 1 71% of sera with @ Waaler Rose test ttre of 2164 Twenty-six rheumatord
arthritis sera revealed patterns of interference with complete or partal fusion between PG and
aggregated human 1gG While none of the sera precipitating both these preparations showed pon-
iterference The reactions were interpreted as denoung interference between the PG antibody
complexcs and sggregated IgG Conversion of some non precipiiaung blood donor sera to PG
precipitation was obtawoed by addimon of 1sofated rheumatond factor 1n 1tsell not precipitating PG, to
the sera Thus the hugh frequency of PG precipitation among rheumatond arthnins sera could — at feast

1n part = be attributed 10 the parucipation of anu IgG 1 the reaction

Key words antt

1dentuty reactions

Clags Schalen, Insutute of Medical Microbiology, Solvegatan 23 § 223 62 Lund, Sweden
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The peptidoglycar, (PG) constututes the nigd part
of the bactersal cell wall and 15 a heteropolymer

composed of glycan strands cross bnked through
short peptide side chane Alravmns —n o ey
as . .

. - .
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The biologecal properties af PG include activaton
of the complement system, cytotoxiety for mam-
malian cells and inhibition of phagocytosss of
bactenia for review see Heymer 1975) A possible
fole of PG n rheumatod arthinus and other
»autoimmune« diseases has been discussed on the
basis of these effects and the finding that more
Theumatoid arthrins sera than normal human sera
precipitate streptococeal PG 1 double diffusion 1n-
gel analyses (Braun & Holm 1970, Zunan et af
1970) The nresent mvestigation was performed 1

order to elucidate, 1if the presence of anti-Ig could
account for the bugh frequency of PG-precipitation
among rheumatoid arthnitis sera

MATERIALS AND METHODS
Non-Dialysable PG

Graup A streptococct type Mt (Colindate No 8198)
were cultured 1n § ltres Todd Hewatt broth at 37°C
After centrifugation, the bacteria were extracted three
umes with formamtde at 150°C (Fuller 1938) The
:ﬁ'ﬁfﬁ ‘ﬁntf:n:?g PG, was wasb!d_ .u:ree times. "
3 grsalaliilie UL prolimg Rhamnose was
detectable indicating the absence of group‘spec:ll"::
carbohydrate One mg lyophilized PG/ml PRS was
solubilized by somscation for 60 min Afyer removal of
the msoluble residue by centnfugation the PG was
dn;yrsed 1 4°C for 18 h against an equal volume of PBS,
20d for anoth {
e nother 24 h against 100 volumes of distilled
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ed to
umes) which caused six of 16 sera examin
;m:uu PG The RF chosen did not 1 stsell
precipriate PG but precpitated aggleG

\ ¢

®

®
o”%
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@

Fig 1 Tomusodiffusion patterns between PG and
2gpigG revealed by dfferent RF posive sera A Serum
giving Ouchterlony type 1 reaction B Serum giving
Ouchterlony type II reaction € Serum only precipta
ung PG D Serum only precipitating agelgG E Serum
showing tohibition of the precipitation with aggleG by
dalysable PG Symbols 1gG - agglsG PG - non
dulysable PG dPG - dualysable PG

TABLE 4 The Effect of Dalysable PG on the
Preciputation of agelgG by RE Positive Sera

DISCUSSION

e present study sera from healthy indviduals
::elclhpnl;wd PG 1 38% Zinan ot of (1970}
reported that 30% of such sera had antibodies to
-= see moaadt amA cmm
- " .
$2% of normal human sera The failure of Braun &
Holm (1970) to detect PG precipitating séra among
100 blood donors could partially be ascribed to
varations in PG preparations or to differences
among the populations studied

The results showed that more RF positive sera
T1% of specimens tested precipitated PG than did
normal sera which 15 s accordance wuh ather
reports Zunan et al (1970) and Braun & Holm
(1970) reported that 54% and 73% respectively, of
rheumatosd arthnitss sera precipitated PG Juvenile
rheumatoid arthritis sera have been reported to
contain more PG antibodies than pormal sera 1 &
study using a RIA technique (Hey mer ef af 1976)

Bokisch et al (1973) reported that (w o out of four
sera from rabbus immunzed with group C
streptococct contained  homogenous 7S anti 3G
with reactvty for PG as well as the Fc portion of
rabbit IgG The authors discussed the possibility off
such double specificity of anti rmmunoglobulins m
RF positive sera agamst the report of Braun & Holm
(1970} Our present results show that sera contat
ning RF precipitated both agglgG and PG in higher
frequencses than did blood donor sera However 1n
a heterogeneous sample of RF negatsve patient sera
such a correlation was not found betw een precipita
tion of PG and agglgG Our findings that narraat
sera only evceptionally preciptated agglgG al
though 38% precipitated PG and that several pa
tient sera precipitated aggIgG but not PG also pro
vided evidence against the existence of anttbodses re
active with bath 1gG Feand PG An immunological
specifiaty of any antibody for the C-termmal

Precipitanion patern  No of

Dulysable PG
against non-dialysable sera
PG and aggleG tested  Infubition Nosnhibiiion
Type 1 Ginterference
with complete fusion)  § 1 4
Type 11 Grterference
with partial fusion) % 3 5
Sera prectpatating
13815G but sot PG 1 3 4
Total no of sera 20 1 1

seq fthe n PG as well as for the
Fc portron of IgG 1s wehifficult to reconcile from an
immunochemical point of view« as stated by
Bokisch et af (1973)

Our results indicated that the ants smmunoglobu
hins of human sera do not per se interact with PG
However the presence of ant Ig mught be the
possible cause of the more frequent precputation of
PG by RF positive sera than by normal sera It 1s
known that anti Iz contributes to the hugh aggfuty
nation titres against several microorgansms ofters
found 1 RF postuve sera (sec Muller 1962) For
example the L-agglutinavon of streptococer by
theumatowd anthrbs sera was showa to be nfleen
ced by anti 18G (Christensen er af 1975) The



Dialysable PG TABLE 2 Preciputaion of PG
nd y RF
A low molecular weight fraction of PG passing the A‘;eganve I’:{nen/ .Sf;ra Bl b
membrane on dialysis of the solub pr —
agamstan equal volume of PBS at 4°C for | 8 h was used
for some inhibition studies :;:;lg;t:émn )ig " : f p No :{;;r;g
recipy
Human Sera T
Amang the sera sent to our department for Wazler- Yes 14 6(41%)
Rose test (Waaler 1940) 72 rheumatord factor {RF) Mo 80 a3(54%)
positive and 94 RF negative sera were randomly selected
Totalno of sera 9% 49 (51%)

The RF positive sera had a titre of > 64, while the
titres of the RF negative sera were <1 16, with the
system used, a titre of > 1 32 was considered positive In
addition 50 sera were {rom healthy blood donors The
sera were heated at 56°C for 30 nun and stored at —
20°C

Gel Filtration

A RF posiuve human setum was filtrated on a
Sephadex G200 column (Pharmacia Fine Chemicals
Uppsala Sweden} The fractions of the vord volume
capable to agglutinate latex particles (Hyland Lab Inc
Costa Mesa Calif , US A ) were pooled and concentra
ted to yield the same Waaler Rose titre (1 256) as the
original serum

Double Immunodiffusion-tn Gel

Aggregated 126 (agalgG) was prepared by sonication
of heated IgG as described (Schalen & Christensen 1977)
Five to seven ul of PG and of agglgG 5 0—6 3 mg/ml
PBS were used The sera 15-25 pl were used
undiluted

* kindly performed by Sigfrid Svensson Ph D Dept of
Clinical Chemustry, Lund

RESULTS

Proportions of ¥arwous Sera Frecipitating Strepto-
coccal PG and ogglgG

Normal sera precipitated non dialysable PG 1n
389% (Table 1) Two of them (4% ) precipitated also
agglgG  Seventy-one % of RF positive sera
precipitated PG and 96% agglgG  Comparmg

TABLE | Frequency of Prectpuation of PG and aggleG

Proportion of sera

normal sera and RF positive sera more RF posttive
sera precipitated both preparations (r 001, Cht
Square test)

RF negative patient sera precipitated PG to 52 %
and 15% precipitated aggleG No correlation Was
found between presence of antibodies to aggizG ¢
capacity to precipitate PG (Table 2)

Diffustan-in-Gel Analysts of the Preciputation of PG
and agglzG b RF Positne Sera

Of 26 RF posiive sera, Quchterlony typ¢ I
reaction (interference with complete fuston, Ouch-
terlony & Nilsson 1978) was noted for 5 The
remainmg 21 sera gave reactions of interferefic®
with partial fusion (type III) between PG and
agglgG Reactions of non-interference {type 1) wer®
not observed (Table 3 and Fig 1)

None of the sera preciptated dralysable 76
However, dialysable PG nhibited the precipitatto?
of 2gglgG (Ouchterlony pattern type IV) for 7 out of
20 sera precipitating agglgG (Fig 1) Ofthe 7 s¢f@
3 did not preciprtate the non-dialysable PG wheré3s
aue, shawed 2 gattern af wterfetencs With complet®
fusion and 3 with partial fusion between the
precipitation hnes for this PG and agglgG (Table 4

Addinon of Isolated Rheumatoid Factor to Biood
Donor Sera
Effect on Capacity to Precipitate PG

Rheumatord factor (RF) preparation was added 1
blood donor sera not precipitatng PG (ﬂl"‘“

TABLE 3 Immunodiffusion Patterns of RF Posttive Se®

tals
1::, of precipitatng Precipuating both PG and 0gglsG
tested PG agglgG
P pattern No of
Patent sera agawnst PG and ageleG serz
RF positive 72 M% 96% " N ;
RF negative 94 52% 15% Type I interference with complete fusion
Type If (non mterference)
52 8% 4% Type 111 (1nterference with partral fusion} 24

Blood donor sera

38
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SALMONELLA TYPHI — INDUCED
STIMULATION OF BLOOD LYMPHOCYTES FROM
PERSONS WITH PREVIOUS TYPHOID FEVER

HANS HENRIK MOGENSEN

Department of Infectious Diseases M Rigshospratet Copenhagen  Denmask

Mogensen K H Salmonella typhi ~ induced sumulation of blood lymphocytes from persons with
previous typhoid fever Acta path microbiol. scand. Sect. € 87 4145 1979

n 21 persons Wih previous typhowd fever and 1 i controls thymdine sncorporation of blood
Iymphocytes sumutated i viiro by killed Salmonella typhs was studied The opumal cutture condiuons
were established 10 be a celt density of 0% cells per vial sumulated with 10% $ bphi and ncubated for
S days The lymphocyts response (o S Hphe was significantly highey 1n the typhod group than n the
controls The lymphocyts fesponstveness was not correlated to the time elapsed since the attack and
was not found different in pauents who had had typhoud relapse Mo difference was fouod m

Iymphocyte response to the mutogens PHA PWM and Con A befween the typhord group and the

controls

Key words Lymphocytes Salmoneila hph cell mednied smmomty typhord fever

H H Mogensen Department of Infections Diseases M Rigshosputatet, DK 2100 Copenbagen @

Denmark
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The nature of immuruty m typhod fever, 2
disease unique to man s largely unknown It has
been demonstrated that speaific antibodies i blood
are not correlated to the degree of protection (S)
Antibodies 1 1ntestinal flwd could be smportant,
but have 50 far nat heam wineen 02 ™ L
ve - . . .
» .

-

w
establish the opuimal conditions for lymphocyte
transformaton in vitro by Salmonella typhi-antigen.
2 10 compare lymphocyte respansiveness to § typhi
In persons with previous typhoud fever and in
bealthy controls 3 10 mvestigate whether any

exist between 1
ness 1o S bphi and certan clineal features Time
pulsl suee typhowd fever and appearance of typhosd
relapse

MATERIALS AND METHODS

Subjects S males and 15 femafes aged 8~71 years
(average 36 years) with actual or previous typhawd fever
from the Department of [nfectious Diseases Rigshaspt
salet were included The diagnoss was i all cases
established by culture of § fyphi from the stools and 1
35 cases also Jrom the Pood Fifleen persons were
treated with chloramphencol. 2 g per day for 14 days 2
persons were treated with amipiaillin and 4 did pot
recave any anubiotc treatment. In four of the patens
fyphoud relapse occurred (wthin two months) In the
semaiting |7 patients the climical course was normat
None became chronic carnier of S gyphi

One of these persons was examined one 2nd two
months after the onset of disease {Chloramphenscol had
been withdrawed 8 days prior 10 the first exarunation)
The remaining 20 persans wha weve examines once each
hzd Bad typhoud fever 3 months 10 33 years previously

Seven persons had received TABvacanauon one or
several umes before o afier the disease and 10 were

unvactinated In 4 persons the
unknown vacHnation siatus was
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participation of anti-Ig from rheumatoid artheyts
sera in precipitatton reactions by binding to antigen-

arthnitis and acute glomervlonephris Int Arch
Allergy 37 216-224 1970
Chri

antibody has been d by
several investigators (see Muller 1962) Vaughan
(1956) and Edelman et al (1958) showed that RF
precip soluble 1 formed in
antigen excess The partiipation of ant Ig 1n the
precipitation of antigen by speaific aptibodses has
been illustrated by the use of radiolabelled of
fluorescesn labelled RF by Edelman er al (1958)
and some current methods for the demonstration of
immune complexes are based on this RF reactivity
Lurhuma et al 1976) Hamers et al (1975)
reported that anti-lg s appearing in rabbits hyperim-
munized with Micrococeus by sodeicticus, can reve)
non precipitating allotype antigen-antibody  sys-
tems Simularly, antibodies to PG in rheumatoyd
arthrifts sera, ocCurring m amounts not detectable
by immunodiffusion n-gel, might become detect-
able by the amplifymg effect of simultaneously
present antlgs In our study, six of 16 blood
donar sera not precipitating PG did so on addiyon
of antiIgG
The Quchterlony patterns 1 and 111 obtained
between PG and agglgG should thus not be taken as
an indication of immunological sumtlarities between
PG and agglgG, according to our concept a more
lausib nterp: 15 pl or partial
mterference between PG anti PG.antibody com.
plexes and agglgG
Edelman et al (1958) showed that RFs precipita.
ted y-globulin aggregates larger than 20S however,
they also showed a reaction between RF and
aggregates of lower molecular weight, which did
not result 1n precipitatton In accordance with these
findings, dialysable PG might give small complexes

sen P, Oxelius V <A & Hoier Madsen M The

Edelman M Kunkel H G & Framkln E ¢
Interaction of the rheumatord factor with antigen
antibody p! and d
J Exp Med 08 105-120 1958

Fuler A T The formamide method for the extracton
of pol wdes from  haemoly t
Brth 1 Exp Path /9 130~139, 1938

Hamers R, Hamers Casterman C van der Loo W
Strosberg A D & de Baetseher P Rheumatod
factor n and
its terference with allotype specific reactions Z
Immun Forsch /49 187-192 1975

Heymer 8 gical properties of p z
Immun Forsch 149 245-157, 1975

Homer B Schlefer A H Read § Zabriskic J &
Krause R M Detection of antibodies t0 bacterial
cell wall peptidoglycan in human sera J Immunol
117 23-26 1976

Lurhuma A Z Cambuoso C L Masson P L &
Heremans J F  Detection of curculating antigen
antibody complexes by their mhibitory effect on the
agglutination of 1gG-coated parucles by rheumatord
factor or Clq Clha Exp Immunol 25 212-226
1976

Muller W Die Serologte der chromschen Polyarthrius
Springer Verlag Berlin Gottingen Heidelberg 1962
pp 85-96

Quehteriony O & Nilsson L -A Immunodifusion and
immunoelectrophorests In Wer D M (Ed)
Handbook of expertmental iamunology Blackwelt
Scientific Publ  Ovford 1978

Schechenmayr W Homer B & Noferhamp 0
A to dogl m the sera from

of PG- ant1 PG antsbodies which do not p ¢
RF Such small complexes might explam the
mhibition of the precipitation between agglgG and
RF positive sera obtained with dralysable PG

The present tvestigation dtd thus not support the

population surveys Z Immun Forsch 149 179~

186 1975
Schalen € & Chnstensen P A simple method for
demonstrating gel precipitating human antt immu
bod: Acta path scand

view that the mgher frequency of PG p 1on
found among RF positive sera 1s caused by presence
of a higher amount of specific antibodies to PG 1
such sera than 1n normal sera, the high {requency of
precipitation could rather be explained as due to the
presence of RF i the sera
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dilution ot typhod antigen

Fig 3 Thyoudine uptake by lymphocytes after sumula
ton with varying doses of kifled S Hphi The
lymphocyles were obtatned from a patient one month
{O~—0) and two months {®——®) after the onset
of disease Dilution of typhoid antigen 1 15 equal 1o 108
killed S fypht

TR FESTORIR 1O (S 2TUFLN PIEpAraton was m
one case obtaned with 106, i § cases with 107 and
n 14 cases with 108 killed S 13pht per 500 gl
culture In 4 of these last persons a higher anugen
concentraton (2% 108 or 4 X 108 S npfu per 500

pl} was tested giving a lower response than 108 §
frh Tmoka e ot L

TABLE | Thimidine Untaks b 1 mntinm ~ A1 .
Contr .

Comparison of Typhoid Group and Controls

Lymphocyte responses to different § typhi
concentrations are shown 1n Table 1 In spite of 2
great vanation, the responses cbtuned at alt 4
antigen concentrations {and the maximal response)
are significantly higher 1n the typhoid group than i
the controls (p<<0 001, Wilcoxon rank sum test}
The separation between the two groups s most
marked at low antigen concentrations, although this
trend was not statistically sigmficant (Wilcoxon
rank sum test)

The d by
fymphocytes was higher n the typhoid group than
1n the control group, however, the difference 15 not
significant (p=03) and 1s mamly caused by two
particutarly tugh values

Correlation between Chmcal Data and Lymphoc te
Responsiveness

a) Lymphocyte responses in the 4 persons with
Wyrhow sefapse and wm Ahe 17 wihout were 4710
and 5079 cpm respecinely (mean values) This
difference 15 not sigmficant (Wilcoxon rank sum
test)

b) Tume smce typhod fever The maximal
lymphocyte response to killed S npht was not
correlated to the tume elapsed since the attack of
typhoid fever (Fig 4, Kendall rank sum test)

€} Since the groups were too inhomogeneous, 1t

number of S 1y phs per 500 i

maximal
response
0 108 108 107 10

typhord :ﬂ:ﬂn 302 1589 2496 3617 4923 5009

group
SDY ase) a918) (1995) [e21D)] (2988) 3003
ean

contats com na 146 227 369 778 817
(SD) (84) 282) 240) (541) (828) (842)

Tatio of tespanses

typhoid/eontrols 109/1 1o/ 98/1 §3/1 6171

_
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Fifteen healthy volunters aged 22-66 years (average
36 years, 2 males and 13 females) served as controls
They had not had typhotd fever and were all seronegative
for Styphi 0 and H-antibodies None were TAB-
vaccinated

AIl donors (except the patient who was examined
during the acute stage) were free of any febrile disease at
least four weeks prior to investigation

Lymphocyte culture 30-40 ml of blood were drawn
m 20 mi of RPMI 1640 (Gibco Bio cult) with heparin
under sterile Lymphocytes plus moni
were isolated on a Ficoll-Jsopaque gradient (4) and
washed three times tn RPMI 1640 with S per cent pooled
serum from young non-transfused males, and Ihe cells
were cultured 1n 500 pl RPMI with 1§ per cent serum
According to the results of cell titration expertments 1035
cells per vial (38 12 5 mm, roundbottomed, NUNC,
Roskilde) were empl. 1n subseq expernments
According to the results of kinetic experiments the cells
were cultured for 120 h (mitogenstimulated cultures for
72 h) To the medwm were added penucillin 400 U per
ml), streptomycin (0 4 mg per ml) and glutamin (0 04
mM per mi)} All cultures were set up in triplicate, and
were tncubated at 37 5° C 1n 5% COj jn humedified air
005 pCi!* C-thymidine (specific activity 552 mCi/
mM, New England Nuclear) was added 24 hours before
termination The cells were collected on glassfibre filters
on a Skatron cell harvesting machine and the incorpora-
ted radicactivity was measured 1n a Beckmann Liquid
sointillation counter alter addition of 2 m) of scintilation
Nud (Insta-Gel Packard) to the filters The results are
given as means of triplicate determmanons in counts per
minute {cp m ) minus cpm in unstimulated cultures

Antigen preparation S typh! OH-preparation (phenol-
killed bacteria, Behring Institute) was washed 3 times
and resuspended 1n tsotonic saline This preparation was
employed at 4 different concentrations employing 10-
fold dilutions from 108 to 105 bactersa per 500 pl The
maximal response 1s defined as the highest value obtained
by anv of the varying antigen doses

ytes

_______

“- 4 ammp oAl Ban

UOR IS ANILY i vy -

Statens  Ser
sample 1s defined as one with a titer below 50

Y

RESULTS

Cell Density Requirement

The thymudine uptake expressed asc pm per cell
s shown at 4 different cell densiwes (Fig 1,
experiments were carrned out 4 persons with
previous typhoid fever) Each of these cultures was
stimulated with 107 killed S typhi The highest

42

cpm percell
008

o0!

.04

002

IMOL W I8 K¢

Cells par culture

Fig [ Thymidine 1ncorporation expressed as counts per
minute per cell at 4 different cell densittes after
stimulaton with 107 kitled S o pfir The cell donor hag
had typhoid fever mne years previously

reponse per cell was in | case obtained at a cej}
density of 3 3 x {0% and 1n 3 cases at 105 cells per
500 pl oniginally cultured This cell density was
employed 1n subsequent experiments

Kinetics of the Response

Cultures were stimulated with 107 killed S ik
and harvested afier 4, 5, 6 and 7 days of culture
Thymudine uptake was maximal on the sixth day of
culture (F1g 2, similar results were obtaned 1n 4
persons) In order to study the cultures during the
pertod of exponential growth, a culture period of §
days was employed 1n subsequent experiments

Opuimal Dose of Antigen

In a patient with typhoid fever the lymphocyte
response to varying doses of § fp/n was determis
ned at two occastons (Fig 3) The maximal response
was at both occasions obtained with 1085 opht In
e pasuns Wit previvey o Grar dhe

cpm

10000

8000 T~

6000

4000

2000

sdayssol cu?hn

Fig 2 Thymd by 105 Ilymp

from a person with previous typhoud fever, the ceils were
cultured for 4, $, 6 and 7 days after stmulation with 107

killed S ypht
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with refapse O typhoid fever without relapse
Rught the maximal response 1 15 controts

was not possible to evaluate the possible correlation
between lymphocyte responsiveness to the antibiotic
treatment given, to the duration of fever or to the
status of TAB-vaccination

Mutogenic Response

Cell-med r n man to §
typhi (lysed by ultrasonication) have previously been
demonstrated by means of the leucocyte migratipn
mhubition techmque (2, 9), positive results were
found sigmficantly more often 1n patients wyth
typhoid fever (68 %) than in normal persons (40%)
(9) The mnhibition of leucocyte migration was
demonstrable after the first week of illness 1n
uncomplicated cases but in complicated cases
appeared later comnciding with chinical recovery

In the present study another test of cell mediated

i viiro the lymphocyte blast transforma
tion assay, has d rated high resp to
typhord antigen 1n lymphocytes obtaned from
persons with previous typhoid fever This 1s 1n
agreement with the results of Vylegrhamn &
Bashirova (1972), who demonstrated increased
responsiveness of lymphocytes to typhord antigen
within the first six weeks of typhoid fever

The antigen preparation of killed bacteria emplo-
yed in this study did ehicit 2 hsgher lymphocyte
response 1 persons with previous typhord fever
than in the controls (Table 1} In similar nvestiga
tions of cell med, to Pseude
aeruginosa 1n cystic fibrosis and to Newssera

dis { heat kifled
bactenal antigen did not elrcit a specific lymphocyte

i a7

The lymphocyte r to 1 the
typhotd group and 1n the controls were {mean
values £ SD) 218396767 and 26216+9799
cpm (PHA), 4365+1778 and 44841529
cpm {(PWM), and 11740:4917 and
1272243840 cpm (Con-A) respectively The
differences are not significant (Wilcoxon rank sum

test)

Serum Antibodies
Four persons were examined within 3 years after

the attack of typhoid fever O and H uters were
postuve (tters 50 to 200) except for one H titer
Seventeen persons were exarmined more than three
years after their attack of typhoid fever these were
all seronegative except for one case (O titer 50) A
comparison of anubody titers to lymphocyte re
sponsiveness was not possible since most titers
were negative or low

DISCUSSION

In experimental infection 1n mice employing
Salmonella typlumuritm 1t has been demonstrated

Na definite himut can be drawn to separate the
typhoid and the control group (Fig 4) A sumilar
overlapping was found with the leucocyte migration
mhibttion test carried out 1n India (9) Since typhord
fever 1s endemic 1n India giving many subchnucal
infecttons some of the positive results mn the
controls could be explamed this way A simlar
explnation is 50! probable ;¢ Deamark a more
likely explanation may be based on crossreactions
between antigens of S fp/u and other bacteria as
demonstrated in a wide variety of bactersa including
S 1phi by crossed immuno-electrophorectic analy
s

Besides many mucrobral preparations have a
non antigen specific mitogentc effect (3 10) [t will
be important to investigate whether purifications of
individual antigens for i 1utro lymphocyte sumuia
ton will allow a2 more specific response to be
detected

Contrary to spectfic antibodes m blood which
decrease within a few years after typhoid fever the
Iymphocyte responstveness 1s long lasting (Fig 4)
without sigmificant decrease

that immunity to this disease depends on bod|
1n serum which afier transfer to non immune mice
protect these against infection {8) In contrast,
ressstance to typhord fever 1n man appears not to
depend on antibodes to O Hor Vi antigens (5}
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THE TIMING OF THE IMMUNE RESPONSE
IN RELATION TO VIRUS GROWTH DETERMINES
THE OUTCOME OF THE LCM INFECTION
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In the present study eashier obses

f
5 Uil 4 dennile correlation between the brawn virus uure at the ume of the u

rvations of a dual role of the immune response agaisst lymphocyuc
chonomenrgits (LCM) virus were confirmed and extended At different tmes alter
noculation of the virus groups of immunosuppressed TecipieTts were 1raf

mtracerebral f1c)
nsplanted with primary
blood of untransplanted
= 5o were the brans of
- challenge The resulis
mmune attack and the

climcal ouwome of the LCM infection Furthermore the results indicated that the extent of the

nfection 15 not

but may affect the outcome of the infecuon through

compeution for the effector cells The possible implications of these findings are discussed

Key words LCM mfecuion, celf mediated ymmuniy immune response tumng  viras growih

A Randrup Thomsen Institute of Medical Microbiology Unversity of Copenhagen Juliane Maries Ve

22 DX 2100 Copenhagen @ Denmark

Accepied as submimed 15 1x 78

Inoculated intracerebrally G¢) wto 2dult mace
lymphocytic chorromemungttis (LCM) virus replica
tes rapudly 1n the neural membranes and fethal

33 Whle B cells seem 10 be of 5o importance 1n
the acute disease (14) many experiments have
shown T cells to be central to the pathogenests of
ttus syndrome {3 4 11 13 23) Moreover recent
observauons strongly indicate that a short hived T
cell population appeanng transiently dynag the
acute infection and nch in cytotoxic cells 1s the key
factar in the events leading 1o the death of the host
ammal(s 27) However the T cell response 15 alsa
essential in controliing the 1nfection (3 13 16 23)

30N to acutely

nfected ce may 2lso reduce the Virus uire and
may even save the lives of the recipients (3 20 25,
28)

To exptain this dual role of the immune response
the folowing hypothesis has been advanced by
several tavesugators (13 21, 25) of the wirus
content of a delicate organ (such as the bramn) has
had ume to nse above a certam level before the
effector T cells are present tn sufficent numbers
extensive cell destruction and death will be the
result If the virus titre 1s below this level
destruction will be less and mstead of death the
result will be suppression of the infection In spite of
the fact that 21l parues concerned seem to agree on
this assumption few experiments have been carried
out trying 1o define this cnitical level of vyrus
multiphcation  the trme after jc moculation at
Which it 15 reached and ns relation to the degree of
cell meduated immuntty (CMB (17, 21)






Fig 1 The capacity of vanous spleen cell populatrons to
tnduce fatal disease tn virus wfected immunosugpressed
syngeneic mice The recipients were given 103 LDsp of
virus 1¢ and dosed with 150 mg/kg of Cy after two
days afier Surther THo days Biey were given 100 % 108
normal cells {—W) day 7 immune cells (6 —®)
day 9 mmune cells { O——O) memory cells (A—
A) of received no further treatment (@~ ~®) Each
group consisted of eight mwce

1 1 I
B eiv i wsenltnn

Fig 2 The ume-course of cywotone actvity 1n spleens of
vtrus mfected 1mmunosuppressed Syngeneic fuce yecey
wing day 9 immunc cells (@ —@) or day 9 immune
cells pre wradiated wath 600 R {A—AYor SOOR (M-
—~R) The reciprents were given 103 LDy of virus 1 ¢
:nd dosed wath 150 mg/kg Cy two days later after
Lriher tho days they were given 100 x |08 cells of the
<ell population 1n Question or received no further
Geatment (O} Also included 15 untreated 19 nfected
mice {x) sampled day 9 P} {peak cytotomicity acyvity
U9 Effector farget ratio was 25 1 The results are
expressed as cyiotone tndices (18

peak of CMI did not 1n our system have the rapid
effect shown by Doherty & Zinkernagel {5) In 2n
attempt to clanify the reasons for the delay observed
1n our system the following expenment was carried
out Groups of 1¢ infected recipents treated with
Cy as deseribed weretsansplanted an day 4 P with
aither wntreated day 9 smmune cells or day 9
smmune cells that had been irraduated in vitro with
600 or 900 R Twenty four hours and 3 days after
transfer spleens of the transplanted mice were
harvested and tested for cytotoxicity The expen
ment was carned out so that the results to be
compared were obtamed 1 the same Cytotoxic
assay Fig 2 shows that only few cytotouc lis
were found 1n the spleens of the reciptents 24 hours
after transfer of untreated day 9 immune cells
whereas after 3 days the cytotoxicity had reached a
fevel sbout that of untreated mice 9 days PI te the
Jevel which 1s lethal 1o t ¢. infected untreated mtice
1t « 2lso demonstrated that this increase 1
cytotoxicity from day | to day 3 after transfer was
clearly sensitive to pre irradiation of the transferred
cells with both 600 and 900 R It should be noted
that nio Cytotoxicity was observed 1n the spleens of
the Cy treated mice on day 9-10 PI when cytotoxic
activity 18 normally maxtmal

The effect of transfer of primory effector cells and
memory cells at different tmes after ¢ ¢ challenge
The observation that the mncrease 1 CMI after
transfer of day 9 tmmune cells occurred within only
3 days whereas the killing effect of these cells was.
postponed untl day 5-6 that factors
other than the state of the CMI influence the
outcome of the LCM infection In order 1o study
this problem further primary effectors and me
mory cells were transferred to iImmunosuppressed
1¢ mnfected recipients at different imes PI Howe
ver sice the experiment described above clearly
showed that i our system Cy treatment was not
sdeal for this purpose because of the high backgro-
und lethaliy the smmunosuppression was carfied
out with X irradiation in the following experiments

Groups of recspients treated with 275 R one day
before 1€ moculation were transplanted with
primary effectors or memory cells on different days
as siated in Table | The results are presented as the
comulated mortality over an observaton period of
10 days after transfer (Table 1} Thi period was
preferred since no LCM specific deaths were
observed later than mine days after transplantation
In Table 1 are also shown the results from one
typical cytotoxic assay carmed out with the cell

The daa preencd o

e presented show as an

that all three cell poputations ;::;:xal : “;f;:
mortality When the cell transplantation was carned
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The amm of the present study was therefore to
investigate systematically the interplay between the
factors a priort expected to influence the outcome of
LCM virus nfection 1n muce the virus content of
the brain the virus content of other organs possibly
competing for the effector cells and the state of the
CM] For this purpose cell populations representing
different states of immunity were transferred to
immunosuppressed recipients at various times after
1¢ virus challenge In this way vanous combipa
tions of CMI and virus concentration were obtained
and could be studied

MATERIALS AND METHODS

Virus The LCM virus strain used throughout the study
was ongwally obtawmed from Dr  Troub (Ludwig
Maxmmitlians Universitat West Germany) and has been
used i this Jaboratory for many years It 1s kept at —
70°C as a 10 per cent spleen suspension from nfected
mice When necessary it 15 passed in mice 1n recent yesrs
exclusively in C3H mice For infection of target L cells in
the cytotoxic test virus propagated in L cells was used
{19

Virus titration Virus titration were carnied out by 1 ¢
moculations nto ordinary 12-14 g white Swiss mice
When the virus content of organs or blood was
determined individual titrations were carned out as
described previously (17) Titration end points were
calculated by the Karber method (15) and tures were
expressed as log 10 LDso/0 03 mi intracerebral dose It
should be mentioned that the Traub strasn 1s lethal to
adult mice only 1f the virus 15 inoculated 1¢ 1f other
routes of 1nfection are employed no disease 1s produced

Mice Except for utration purposes highly mnbred
adult (2-4 months) C3H mice (C3H/Ssc 1) of both sexes
were used throughout the study

Imnunosuppressed recipients Two methods of immu

were d d

play mid g p (tonieclon ¢
convulsions on tail spinning) around day 7-11 Pl but
only a few mwe (<10%) died with typical LCM
symptoms However also this treatment resulted ia late
deaths with signs of general wastng and ansemia but
only 1n a small proportion of the animals

Transplantation of syngenic immune celis Lymphotd
cells representing primary effectors were harvested from
the spleens of mice infected 1 p with 103LDsg of virus 7
or 9 days previously (representtng just prepeak and peak
cytotoxic actvity (19)) Lymphowd celfs represent ag
memory cells were harvested from mothers of mnfected
babies about 2-3 months after the babies were born
Such muce have undergone 2 natural infection and are
soldly immune (24)

The cell suspensions were prepared as described
earher (19} except that only spleen cells were used
Transplantatrons were always carried out by the
ntravenous route (1 v ) and between animals of the same
sex the dose given was 100 x 106 cells in 0 5 ml

Cell mediated immumiy (CMI) The CMI was deter
muned as the m viro cytotouaty of smgle il
suspensions of spleen cells upon syngeme LCM virus
infected L cells The cytotoxicity was expressed as a
cytotoric index of as lytic untts (LU $0) per 106 spleen
cells The test and the calculations were carried out as
described 1n a recent paper (18)

RESULTS

Induction of fatal LCM w transplanted Cy treated
recipients  Experiments carried out tn different
laboratories by the use of the Armstrong stram of
the LCM wirus have shown that both primary
effectors and memory cells have the ability to kill
immunosuppressed 1¢_ infected mice 1f transferred
to these early (4-5 days) afer 1 ¢ moculation (5 11
13

In order to investigate if this was also the case
when the Traub stramn of the virus and C3H muce
were loyed the following experiment was set

pp
and (2) X irradiation The (Cy
Endoxan Asta® ASTA Werke West Germany) was
given mtraperitoneally (1p) in a dose of 150 mg/kg 10
mice infected 1¢ with 103LDso of LCM virus two days
previously In our system this treatment prevented acuie
LCM disease but during a period of about three weekS
after the infection practically all mice died with signs of
general wasting

The X irradiation was adminmstered by a Stemens
Stabilipan therapy machine operated with the following
factors 200 K\ 15 mA | 0 mm copper filtration The
dose rate was 47 R/mun and half value layer was | 5
mm of copper The dose given was 275 R and m all
experiments the mrradiation was carried out one day
before t¢ tnoculalion with J0LDsp of strus Thys
treatment was chosen because earlier experiments in this
laboratory (2) as well as recent prelimimnary experiments
had shown it to give optimal survival During the second
week after the tafecuon all mice treated Uus way
developed general stgns of sickness and some of them
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up Groups of 8 1¢ infected mice treated with Cy as
described were used as recipents Four days after
the moculation two days after the Cy treatment
normal cells primary effector cells or memory oclls
were transferred to these recipients The mortality
was registered daily over a pertod of 14 days after
the transplantation and 1s shown m Fig 1 Its seen
that all three popul pre d
cells showed almost the same pattern killng a large
proporuon (75-1009 ) of the host animals 1n
average 5—6 days after the transfer In contrast
mice recerving normal cells and untransplanted
controls for the mam part died somew hat later
Cytotoxicty in Cy treated recipients afier transfer
of day 9 wmmune cells W hile the resulls obtaned
with memory cells confirmed previously recorded
results (11 13) primary elfectors harested at ihe




Blood virus hire of muce surving early transfer o
immune cells 1t has been svggested that the
protective effect of 2n early smmune FeSpOnse tsdue
10 the antiviral effect of the eMfector T cetls {13, 25)
To establish whether ths coutd explass why most
oce survived cell transfer 1n the very early phase of
mfecion the blood virus utre of muce thet had
recerved primary effectors or memory cells on the
day of infechion was compared on day 7 Thothatof
untraasplanted controls It was found that transfer
of any of Ihe mmune cell populations caused a
clearcut reduction of the blood virus titre on the day
chosen {mean < 1022 compared to mean = 1074},
normal cells had no effect on the visemsa (mean =

The of wirus n the

the vicus was cleared from the bran In contrast,
when the cell transplant was gnen on day 4 PL
there was no wnfluence on the virus replication
which closely p d that of the Lanted
controls, and most Tecpients died about 4-8 days
after the cell transfer Transfer of day 9 immune
cells on day 2 Pl gave ntermegiate results
Furthermore, 1f the cell transfer was postponed
untd day 7 Pl the bram witus ttre which at that
time was maximal remained undisturbedly high but
1o deaths occurred

DISCUSSION

bramn of mice receving day 9 wmmune cells at
different times PI To further analyse the events
determimng the ontcome of the LCM wmflection, the
following experiment was carried out Four groups
of feciprents wete given day 9 smmune cells an days
0 2 4 and 7 PI, respecuvely At different times
after cell transfec four mce from each group were
kdled and the virus content of ther brains was
utrated

Fig 4 demonstrates that when the recipients
wete teaasplanted on the day of 1¢ moculavon,
viral replication fn the brawn was mfiated and went
on undisturbed for about 3-4 days Then the spread
of nfection Was aborted and 1t the next few days all

LR
« TSt L ecieting
Fig 4 The ume-course af bram xwus tse Pt
irradiaied 1€ anfected mice receiving day 9 tmmune cells
onday O PL(A~~L) day 2P1(O~~O) dayd PUQ-
-0) or day 7 PI (W--W) The recipients were
treadiated with 275 R one day before 1e inoculanon of
197 LDy of virus and were given 100108 gay 9
mmune cells on the days wndicated or received no
Terther teatment [ ® — @) Esch oyt represents mean
uire of four mice In parentheses are shawn (e mortality
of the reapients ths s the same as given 1 Tabje |

1 the 1t appears that the
striking differences beth een the i vno manfesta
tions of the CMI response can be ascribed 1o the
different outcomes of a race between the virus
replication m the neural membranes, on the one
hand. and the production of effector T ¢ells on the
other In the present Study this hypothesis was
tested further by transplanung 1¢ infected, immuy-
nosuppressed recipients with the same cell popula
tns at vanous tmes relayve to the virus
oculation and companng the mortality Three
dufferent cell populations were chosen for this
purpdte  prepeak primary effector cells, peak
prmary effector cells, and memory cells It was
found that during the first faw days of the mfection
(day 0-4 PI) any of the cell populatans emgloyed
caused the mortality to mcrease With increasing
interval between the tc challenge and the cell
transfer, and that this increase could be correlated to
2 symiar sncrease n the bramn varus tire (Table 1,
Fig 3) Furthermore, 2 companson between the
fesulls obtained with different cell populations
veveals that the ume at which the mortality
increases alter transfer of a given cell populaton 15
correlated to the effector activity as measured 1
vitrg 1e the higher the effector activity of the cell
Population, the later it can be transferred withour
causing high mortality Both of these observations
add furttier strong support (o the hypothesis that the
umng of the ymmune response i relation to the
virus growth in the braw 1s an essenual factor 1n
determining the outcome of the LCM wfecton Tt
should be added that the expected residual Immunc.
fogical actvity of the X-irsadsated reciprents can
hardly explam the findings since the experiment
using Cy treated recipients gave resulis that with
Tegasd 1o both mortality and MST were very sumiag
10 those oblained with X-irradated mice og the
::;’;ydjy';:x‘h““gh the Cy-treated mice are almost

mmunosuppr,
repients die (Fxgswlieg)m the yme when mosy



TABLE | Mortaliy in Immunosuppressed i ¢ Infected Recipients Gnen Primary Effectors or Memory Cells at vanous
Tumes Relate 1o the Virus Inoculation®

Mortality after transfer on vanous days Pl¢

Donor Cytotoxicity
tymphocytes + I vitrod
Day 0 Day 1 Day 2 Day 3 Day 4 Dwy?

Memory cells =05 11/33 16/16 8/8 16716
Day 7 immune cells 35 0/16 14/16 8/8 14/16
Day 9 immune cells 30 0/14 0/8 506 1316 | s
Normal cells - 1/14 - 4/16 - she 18

- 7/95 9/95 12/95 13/95 15795 /%8

& Adult C3H mice pre wrradiated with 275 R on day ~I. gnven 102 LDsp of virus 1 ¢ on day 0 and subsequently
transplanted with 100 x 106 spleen cells from immune or non immune donors on the days stated

b Expressed 10 lytic umits per 106 cells

¢ Proportion of mice dying dunng a 10 day observation period

out on day 3-4 PI, whereas both earhier and later
transfer to some degree resulted n a lower
mortality, this was particularly pronounced with
the cell populations obtaned during the primary
response (day 7 and d1y 9 immune cells) which are
rich 1n cytotoxic effector cells

The mean survival time (MST) was calculated in
all instances 1n which a significant proportion of the
rectpients (2 1/3) were killed by the transplanted
cells This was always found to be about 5-6 days
and 1n no case was It possible to conclude that a
given MST was significantly different from that
observed when the same cell population was
transplinted on other days or when other cell
populations were transplanted on the same day

Virus concentration wn the reaypient nice The
above teported results indtcate as expected that the
extent of the virus snfection at the time of the
\mmune attack plays & crucial role 1n determining
the clintcal outcome of the LCM nfection In order
to get a better preture of the correlation between the
extent of the nfection and the climcal outcome the
following experiment was carried out

Groups of 6 muce pre irradiated and imfected as
described were killed at various intervals after 1c
inoculation and the virus content of therr bramns
and blood was tirated the results appear from Fig
3 1t 1s seen that the virus titre an the brain was
steaduly increasing from day 0todwy 7Pl whena
mavmum level of approx 1048 was reached and
(he Wice cematned at this fevel for the rest of the
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observation period It 1s also demonstrated that
when the Traub stram of the virus s employed the
increase in brain virus titre 1 follow ed closely by an
almost parallel increase n virenua from day 010
day 7-10 P1 From then on the titre seems o Tutter
around a level of approx 1027, with a possibly
decreasing tendency In all uitratron expertments day
18 (not shown) was the first day on Wb
spontancous clearing of virenut was observed
some mee

[ [}3 q
cpinn

]
[

Fig J The ume course of blood {®—#) and bran
(O ~—0)virus titre s adult mice srraduated with 278 R
one day before y¢ moculstion of 108 LiJsp of virus
Each pownt represents mean utre = SD of s1x muee

5 s .

e e em oy e 31 % L.



beneficnal to the host depending on the relative
Tunetics of virus replication ang immurne induchion
15 to assume that it 35 the same xmmmwlo%ml
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Giden D M Cok G A Momjan A A &
Nathanson ¥ Immunopathogenesis of acute oentral
nervous sysiem disease produced by lymph:;z:c

d h

mechagism which 1s upderlying both
and virus clearance Actually recent i viro
experiments carpied ot With vacama virus do
suggest that the antwiral effect of T cells 55
accomyphished by a direct cell mediated destruction
of cells displaying wiral antigen during the eclipse
phase of the wnfectious €ycle 1€ before mfectious
progeny 15 assembled (26) 1f this mechamism plays
any role 1 vivo the cell destruction caused by the
cytotonic cells have found its teleological explana
tion
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How the apparently protective effect of an early

which would constitute a lethal target for ghe

response 1s hed 15 d by
the finding that pnimary as well as secondary
effector T cells have the capacity to reduce the virus
titre 1 many organs (6 20) In accordance with thys
we found that all mice surviving early transfer of
immune celis showed no more than trace levels of
virus 1n their blood Moreover 1t appears from Fig
4 that 1 day 9 smmune cells {peak primary effectors)

attack If muce are transplanted wth day 9
1mmune cells two days after 1¢ chalfenge 3pproy
mately one third of the recipients are kijed
whereas 1f the cell transplantation is postponed but
one day pracucally all the reciprents are killed
(Table 1} The bram virus titre of muce receving day
9 mmmune cells on day 2 PI shows that m ths
situation the effector T cells do not reduce virus

Hiplication until day (5)-6 PI (Fig 4) From the

are transferred to the pp d recip
oft the day of infection the virus replication 1 the
brain 15 aborted prematurely there are no deaths
and the virus appears to be cleared as a direct result
of the transferred cells With increasing mterval
between 1¢ challenge and cell transfer the virus
repitcation 1s alfowed to take place unrestrictediy for
a Jonger period and mortality increases When the
mterval 1s extended to 4 days the virus replication
1n the bramn remamns completely undisturbed and
practically all the recipients die On the basis of
these resulis 1t seems reasonable to conclude that the
early presence of a CMI response protects the
animal through a suppression of the infection 1n the
bram before 1t reaches an extent which would make
ths organ too vulnerable to the immune attack

It 1s somewhat surprising that transfer of a cell
population having maximal cytotoxic actvity in
vitro and almost immediate antiviral effect mn the
spleen and liver (19 20) does not as shown 1n Fig
4 cause any demonstrable decrease of the virus
replication 1n the brain of the recipients untd (34
days after the transfer However this delay 1s
probably due to purely mechanical factors which
may slow down the race of the effectors to reach the
1nfected target cells m the neural membranes

The correlation between martality and sram
virus titre at the time of the CMI response could
theoretically be explained 1n two ways First that
the number of mfected cells 1n the neural membra
nes has to exceed a certain percentage of the total

drastic increase 1 mortahty which 1s found whea
the virus 15 allowed to multiply unrestrictedly for
Just one more day we find 1t reasonable to decuce
that the level of infection found in untransplanted
myce around day 5-6 PJ may represent the
approximate limit of virus concentration 11 the
brain determiming the outcome of the LCM
infectton This assumption s supported by the
finding that memory cells which seem to need about
5-6 days to obtan effector capacities {7 9) are
killing only one third of the recipients (MST = 5§
days) 1f transferred on the day of infection whereas
a later transfer leads to 100 % mortaltty Moreover
no deaths in any expertmental group were ever
observed earlier than day 5 PI indicating agan that
conditions for fatal disease are not present before

that day
A situation totally different from the onme
discussed 1n the above anses 1f the cell traasfer s
postponed until day 7 PI From the blood virus titre
curve presented i Fig 3 and m view of the
findings of several authors (11 13 16) it seems
probable that what has happened 1s that because of
the the 1nfe has spread to
many organs so that the brain is no longer the mam
target for the immune attack Under these cirdim
stances the clinical outcome of the infection will
depend upon whether enough effector T cells are
being generated to overcome the competition from
other sites of wnfection and establish a sufficiently
d attack on the bram Ths

number before the 1mmune attack causes
damage Second that with the extension of the
some ly vital area b mfec

would certainly explain why only a memory subset
with its inherently greater potential for proliferalion

ted and 1n this way susceptible to the
attack However immunofluorescent studies have
clearly demonstrated that during the early phase of
1¢ infection 11 immunosuppressed adult mice the
virus replicates predommnantly in the neural memb
ranes (16) Moreover that 1t 1s the number of
antigen presenting cells — and not therr distribution
— which changes during the first few days thus
clearly favouring the former of the two possible
explanations

However the data presented in this paper allow
us to go further than thus and to draw Some
conclustons about the extent of virus infection

o

and/or differ (7 8 13 18 25) can mduce
fatal disease 1f the cell transfer 13 carnied out on that
day whereas mice receiving primary effectors will
not only survive but also conunue 1o CTFY
infectious virus in their brams Compettion from
extrancural sites of mnfection may also explain the
finding that m coritrast to others wusig he
Armstrong strain of the virus {5} whch causes
more localized infection we did not on any day
observe primary effectors to have a more rapid
kiling effect than memory cells

The sumplest explanation of the fact that the
immune response may be detrimental as well as



tensfical 1o the host depending on the relatwve

funetics of varus replication and 1mmuge aduction

5 1 2ssume that 1t 15 the same immunoiogical
0 '
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Giden D H Cote G A Monjan A A d.
N N s

nervous system disease produced by Jymphocyuc
virus 1 Oy Medy

which 15 under}

and vwus clearance Actually recent 1 wifro
experiments carred out with vacCinid virus do
suggest that the antviral effect of T cells 15
accomphished by a direct cell mediated destruction
of cells displaying Viral antigen during the eclipse
phage of the mfectious cycle 1€ before mnfectious
frogeny is #ssembled (26} If this mechanism plays
any role fn vivo the cell destruction caused by the
cytotoxic cells have found 1ts teleological explana
tion
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GUINEA PIGS INBRED FOR STUDIES
OF RESPIRATORY ANAPHYLAXIS

LISE LUNDBERG
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Lundberg Lise Guinea pigs mnbred for studies of respiratory anaphylasss Acta path mucratiol scand
Sect C &7 55-66 1979

A selective nbreeding of approumately 24 generations of albino guinea pigs by brother x sister
maME has Tesulied 1 LAC Sams fegrstered IMALYS and IMA/R wuth hugh and Lo responsiveness
respectively to ovalbumun induced respiratory anaphylaxis The twp guinea pig strayns differed m their
abibity 1o be ymmumzed by the inhalavon of antgen and produce 2nubodies as well as o develop
respiratory anaphylaus A correlation between the strength of the anaphylctic reactions and the
amoum of hemagglotinaung antibodies produced was vbserved When immunization as cartied due
by 2n imigadermal imyection of ovalbumin (OA) even m small doses incorporated in FCA guinea pigs
from both strams produced hemagglutinaung anubodies m nearly Wie same amount These antibodies
do not mfluence the ability of the amimals to react with a high respectively low anaphylacuc response
on subsequent challenge by mhalation of DA nenher 1nt the acuvely sensized ammals nor 1a passnely
sensiized ammals However With repeated inhalations of OA  destnsiuzation ocewrred 17 the

iniradermally mmunized high responders while the passtvely immunized high responders could be
provoked several ymes without any signs of No diffe between the
™o strans with regard to Sensifivity to inhalations of histamune were demonstrated The low
fesponders wére found 10 be less resistant 10 infections than high responders

Key words Sclecisve tnbreeding respiratory anaphylaxis acuve passive immungzation  high low
Tesponder

I;:c Lundberg Institute of Medicat Microbiotogy Jutmne Manes Ve 22 DK 2100 Copenhagen @
nmark

Recened 278 Accepted 231 78

The guinea pig has been the trad, mmuno-
Wgic research model of anugen mnduced  airway
obstruction, The use of owbred guinea pigs sn
expentmental work with respiratory anapbylans 15 15 under genetic control (8
smpeded however because of vanalions in Tespons  short term selective wbreediig of gumea pgs
Neness within sex age and season of esung and  has o the of
2so due 10 the large dill d

develop guimea pigs with more homogeneous

Results from experiments with mwbred stratns
of mice havé shown that the immune response

15) la addwon

m
responsmveness the prop of good and poor production of ants

toxin against diphtena anatoxia (2
10 our own experiments retationships between y v

methods of immunszation anubody production and
fmmediate hypersensitivity reactions could not be
©aluated due o the dispersion 1 the results winch

Was 100 large for drawing any statisucally ssgafi
Nt concfusion Tha tiwese  + 4 7

This report describes the development of two
strzns of guinea pigs with reproducible responses to
inhalation of ovalbumin {0A) one stran with a
tugh and one with a low anaphylactic response
These strains Were compared as regards therr bty
to develop hypersensiuvity therr susceptibihty to

fespiratory  anaphylaxis and there ses:
infections s 1o



MATERIALS AND METHODS

Antigen Ovalbumun crystallized three imes obtained
from ICN Pharmaceuticals Inc

Adjurant Freund s Complete Adjuvant (FCA) conta
ning 05 mg/m! Mycobacteriunt tuberculosis kindly
supplted by the Tuberculin Department Statens Serum
nstitut Copenhagen

Immuniation by The fol 8
Is used both in the 1mtial 1mmunization and n the
bronchial provocation test of anaphylaxis The guica
pigs are placed 1n a box divided into mdividual sections
by rough wire mesh A glass cover enables observation
of the animals during the inhalation procedure A De
Viliss nebulizer No 40 fitted 1n one side of the box
introduces an aerosolized 0 5% antigen tn saline solution
at a pressure of 70 mm Hg The animals are exposed to
antigen ynhafation for 50 mun once a week for 6 weeks
6-8 ml antigen solution are used duning each nhalation
Up to 30 animals can be cxposed to antigen at the same
time The severity of the anaphylactc reactions 1s
evaluated during the inhalattons and graded with 0-5 +
according to the following scheme

bl

Eraluation of the anaphy factic reactions in the bronchal

provocation test
No signs of anaphylaclic reactions —

controls
+ Inerdental or shightly forced respiraton
+ + Clearly forced resprration
4+t Strongly forced resptration fits of cough
ng
++++  As 3+ but mn addition the ammal is
shocked and uts general condition ts poor
+ + + 4+ + As4+ butinaddiion an interruption

1 for with

adrenaline 1S necessary

Intradermal Immunization  The guinca pigs are
immunized once by intradermal injections at 4 sites of
the abdomen with 0 ) m! of sahne soluuon of antigen
emulsified 1n FCA

Passne tmmumation  1-3 ml samples of whole
serum from guinea pigs actively immunized as described
above are used for passive immumzation The serum 1s
imjected Into the recpient ammal mntrapentoneatly 48
hours before antigen challenge

Bleedings One week after the last exposure o
imhalation of anugen or § weeks afier the intradermal
ymmunizaton blood samples are collected Samples of
sera ace kept In the refrigerator at =20° C unul tesung

Anttbods turation A quantative analysis of the
antibodses 1s carried out by a passive hemagglutination
technique (3) Seria) twofold dilutions of unheated serum
are made beginning with a ditution of 120 Al
ttrations are run with a standard serum containing a
determed amount of antibody and a normal serum as
cantrol The tter 18 recorded as the number of tubes

ve hemagglutination
Shol\‘;::f u::: lerlulaphylaxrs The bronchial provocation n;]s'
of anaphylaxis 1s carnied out as described under the

snhalation techmque The Schultz Dale test the in v
measuring of apaphylaxis 1s carried out as earlc
described on isolated pieces of ileum (17) Tt
anaphylactic response of the tleum 1s expressed as th
lowest amount of antigen 1n mg added to the reactio
chamber which generates a weak contraction

RESULTS

A Selection for breeding Albino guinea pigs wer
chosen for the experiments due to their sutabihit;
for cutaneous testing and marking Animals used t
start the inbreeding were imtially obtaed from ar
outbred colony d at Statens S
n Copenhagen from 1933

Three month-old guinea pigs of both sexes wen
exposed to repeated inhalations of aerosolize
solutions of QA Some of the animals develope
severe respiratory anaphylaus and produced hiet
titers of hemagglutinating antibodies whale sonx
showed no anaphylactic reacttons and produced nc
measurable amounts of antibodtes (Table 1}

Guinea pigs showing the strongest anaphylactic
responses Were bred together as were thow
showing no signs of anaphylaxis The offspring
were tested when 2—4 months old and were selected
for further breeding in the same manner as the
parents The inbreeding was performed as brother
X sister mating

B Problems during the breeding experuments
Passive transfer of anubodies from mothes ©
offspring sometimes caused very strong anaphylac
fic reactions 1 connection with the first antigen
exposure of the young ones This passtvely transfer
red hypersensitivity could be observed i young
ones from the first five tters which indicated that
antibody transfer occurred over a year afler the
mother s last exposure to antigen These anaphylac
tic reactions often decreased with repeated anugen
exposure somettmes resultng 1n a total foss of
anaphylactic response and antibody production
Even some guinea pigs which did not react on the
first inhalation could develop thts refractory state

Delaying the antigen exposure unti) aftes wean
1ng was not possible since the ability of the anmals
to be sensitized by whalation decreased with age 35
seen n Fig |

A system in which the brecding animals were fot
exposed to antigen but were sclected on the basis of
antigen testing of brothers and sisters was aban
doned after stx generations of brother X sister
mating because of poorer results with regard 1o

Y 1n (mmune fesp

C Results of the inbreeding experiments Results
of the halation experiments on the ongmat
outbred colony (Table 1) show the large variations




TABLE ! Devel, t of Resp! Anaphyfaxis by Repeated Inhal: of Aerosoh-ed Agueous Ovalbusmia ©Ahn
Outbred 3 Months Old Female Guinea Pigs

Hemagglut  Schuliz Daletestb)

Wght Response to OA inhalations ers) g OA

Dayo Day? Daytd  Day2t Day28  DaydS caydd  day 0
) PO . 0 0 K <
500 0 4+ 0 0 0 0 <
s 0 [ o e o 0 4 <
s 0 P P +4 + 3 01
w0 s o b ras * 3 0 005
@ 0 o 0 P 0 4 0005
5 o o o e+ ot + 5 002
% 0 o 0 e 4t + 5 01
450 0 o 0 PO 6 Qqot
400 0 0 ¢ P R ] 00002
600 A ¢ ¢ R 0 7 00005
s 0 0 vres kes b + 7 0001
50 9 1 e rrt aas 0 3 00005
465 0 0 P PR Y +4++ 3 00002
368 0 0 4+ ++ ++ 4 ++ 8 00005
656 0 0 oyt 4+ e 0 9 0001
500 0 [} PR 4+ +4+ 0 (] 00002
475 0 0 0 R N 9 001
405 [} 0 B O e T S O 9 00002
440 0 0 PP PR . 44+ (0 60001
# Standard serum titer 15
8 See Mateviats & Methods.
9 ~C~ no contraction with S mg OA

d ?
o
o

S

80 65 4k

Woa b5 mom o kg g | [ e
T M
E Mo aphyl
nchiey

Serere amaphyl
[CLUT

60

L]

2

]

“2 2 IrIIM AN AL 5 mp

L]
~2 2229301435 45 55 =
Honths between burih 2nd
1he ¥ inhalation
Fig 1
mgrm‘l‘(\:m‘[:smeé:‘ ::;IL tnhalauoss of aerosolized aqueous OA of all 2UInea pigs from the first four years of
The numbers beading the columns tndicate numbers of animals tested
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Fig 2 Results of 6 weekly inhalations of aerosolized aqueous OA of all 24 month old guinea pigs from the firstd
years of mbreeding at different umes of che year
The numbers heading the columns indrcate numbers of animals tested
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apaphylactic reacuvity in the
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Fig 4 Results of 6 weekly inhalauons of acrosolized aqueous OA of 2-5 month-old guinea pigs evaluated for low
anaphylacu reactrvity 1n the first 6 generauons of inbreeding
Tbe numbers heading the columns indiate numbers of ammals tested

In immune response due to dividual ddferences,
and Figs 1 and 2 illustrate the vanations observed
0 respiratory anaphylaciic reactivity within age, sex
and season

The results of mnbreeding gunea pigs selected for
high and low respiratory anaphylactic reactivity in
the first 5—6 generauons are shown in Figs 3and 4
respectively The figures demonstrate the gradually
developed separation of the two properues, when
the oniginal method was used

These results indicated that the sensitiviry and
resistance to inhalations of OA were hereditary by
nature and based on this the b,

tics such as failing fertility, blindness, deformity of
the forelegs and increased senswivity to infections,
and at the same tme to preserve the already
obtaned immunological properties e have cross

bred ammals from two hines of 209 after 5-6
Benerations, and developed substramm 209y Like-
wise, we have crossbred ammals from 201 with
aommals from 203, and developed substramn 201—
3

The substrains 209y and 201-03 were then
brother X sister mated for 16 and 12 generations
respecuvely and after only two generations these

was continued

D The resulung strains Today we have two
stramns of hugh responders 209 and 740, registered
25 IMM/S (7) inbred for 24 generauons, and two
stratns of low responders 201 and 203 regsstered
as INM/R (7) inbred for 24 and 16 generanons
respectrvely

After 15 generations of selected

inbreeding by the
ST AN SR At i e

vons of aerosoltzed aqueous OA, without variatons

due to sex or season
E Cross-breeding In an atempt at elimmaung
Y of b

were already pure high- and low
Tesponder strains respectively

The suscepubility 1o infections resulung
pnmanly 1n pneumomna, differed sigmificantly be
tween high- and low responders, the low respon-
ders bemng less resstant to infections Table 2 shows
the mortality of young guinea pigs in the different

strame Takla T chane ok 3

UISU Willun Whe hirst six months {x2 = 30
0001} Y frp<

G Correlation betw een )wmagg[uunalmg antibo-
dl‘?s and res;j:mlor) anaphylactic response This

P 12 the ongmal animats
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Fig 3 Results of 6 weekly nhatations of aerosolized aqueous DA of 2-5 momib old guinea pigs evaluated for bigh
anaphylactic reacuvity 1n the first 5 generanons of inbreeding
The numbers heading the cotumns indicate numbers of ammals tested
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TABLE 2 Stiltbirth and Early Death in Various Substraims of Gunea Pigs Bred Through the Last Year
{Stltberth Includes Abortions of which Only a few were Obsened)

Strain/ Total Sullbirths Deaths 0-2 months ~ Deaths 2-6 months ~ Susvivals
substrain No No % No % No % No

IMM/S 209 21 7 33 7 33 2 10 195 924
IMM/S 209y 146 6 41 14 96 10 69 16 81
IMM/S 740 148 | 07 4 27 ] 68 133 899
IMM/R 201 383 25 65 30 78 38 99 290 18y
IMM/R 203 78 7 90 10 128 3 39 58 M4
IMM/R 201-03 167 7 42 9 54 22 132 129 773

(Table 1), was maintained during the breeding,
when the immunization was performed by inhala-
tion (Figs S and 6)

' Intradermal unmunzanon When ammals
from both strams were injected intradermally with
different doses (01 pg, | pg, 10 pg) of OA
incorporated 1n FCA, both high- and low-respon-
ders produced hemagglutinaung antibodies 1n

to the results from the actne, ntradermally

d high- and | following the
first nhalation However, with repeated mhala
tions, no decline 1n severity of the anaphylacuc
reactions 1n high-responders was observed, and only
low titers of hemagglutinating antibodies Were
produced The results given m Table 5 show, n
addition, that antibodies formed i high- as well as
1n low-r ders after 1on with OA 1n

nearly the same amount However, a
challenge with wnhalation of QA showed, that the
sensttivity to this treatment was not really tafluen-
ced by these antibodies By repcated inhalauons a
dechne tn sevenity of the respiratory anaphylaxis
was demonstrated (Table 4}

I Passne immumzation with transfer of antibo-
dies produced by injection of OA 1n FCA, followed
by inhalation experiments, gave results comparable

FCA are equal able to produce respiratory anaphy
laxts when passtvely transferred
J  Dyfference in susceptiblity to  respiraiury
anaphylaxis demonstrated by high and low
responder guinea pigs, mmmunized actively or
passively, led to an examination of the sensivity to
h of No 1cal diffe
was found between ammals from the two strins

TABLE 3 Lutter Size tn Vartous Substrains of Guinca Pigs Bred Through the Last Year

No of gunea pigs in litter at birth lA(:r:ragc
am/ Total no snller
bstrain of Intters . 5 , . s .

No % No % No % No % No % No % No %
3o 32
9 67 3 45 1L 154 28 41823 343 2
::}gggw 44 2 46 8 18213 29518 409 3 68 g: 310
IM/S 740 53 10 189 (3 24519 359 9 170 2 38
1 09 1 09 10
8 10 g5 28 237 45 381 24 203 9 76
:k}jl‘:gg; I;S 2 71 7 250 14 500 2 71 2 71 1 36 gZ 29
[M/R 201-03 61 6 9% 22 360 24 393 T NS 2 33

in
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TABLE 6 Antibody Production and Respiratory Anaphy lactic Responsiveness in Guinea Pigs from Strains IMMIS and
IMM/R Immunized with Ovalbunun by Different Methods

Strain Imunization Respiratory anaphylacuc response Antibody uter
method st chattenge subsequent before afier
challenges challenge  challenge
IMM/S halation high high moderate figh high
IMM/R 1nhalation Jow low tow low
IMM/S 1d +FCA high moderate moderage low high high
IMM/R 1d +FCA moderate low low high fugh
IMM/S passive hgh tugh low tow
IMM/R passive fow low Tow fow

and furthermore very large variations 1n sensitivity
to histamtne were observed in the same ammal wath
repeated inhalatons

DISCUSSION

Results of selective inbreeding The mgh and low-
responder strans of gunea pigs developed should
now be tnbred after the 24 generations of brother X
sister mating and (n accordance with the intrastram

! b b d for the proper-
ties examined The two strawns are now considered
sufficiently pure for the performance of crossing
experiments with high and low responders for

The transient or weak anaphylactic respiratory
respatises Sometitmes observed (1 seroagly mtun
2ed low Tesponders however indicite el a
absorption of ovalbumin throngh the mucous
memhranes takes place 1n low responders to
Furthermore recent studies 1n man indiclte a
sumilar absorption of allergens 1 both alkrac
patents (dunng asymptomatic periods) sod 1w
normal individuals (12 19}

Antibody production and respiratory anaphylactc
responsyveness by the different immutization me
theds are briefly outtined in Table 6

The amount of thfferent antibodses pmduwld “11’
1nea pigs 1s known to depend on antigen route ol
. Prgatmn dose and Pf 6 11 23 The

studies of the genetic control of the different
properties  Correlations between certain  major

respiratory anaphylavis developed after repeated
af QA may be due to the prescence of

y fex genes respon

siveness and susceptibility to infectious and allergic

diseases 1n a number of species including man have

been demonstrated and discussed by several wac
kers (2 10 21 25 26)

Animals from the two strains differ 1) 1n their

- vanaarod

1 Dyference in development of iy persenstiiiiy
can be explamned at two levels 1) the permeability of
the respiratory tract mucosa and 2) the apubody
production A difference permeabihy of the
respiratary tract mucosa {0 OA 15 the sumplest way
to explain differences n the anaphylactic respons
veness between high and low responders. poth 1n

one or more of 1he three homocytotropic antdodies
IgG la 1gG Ib and IgE wdentified at prescot 1t
gunea pigs (23)

By 1nhalatton of OA a different ability to produce
hemaggiutinating antibodies wn the two strains anda
corvelation between the amount of hemaggluind
ting antibodies formed and the anaphylactic respia
tory resp was d d These re
sults can be paralielled to & correlation demonsirated
between hemagglutinatng antibodies and 1gE m
different sirans of mice When the inmumization
was 1niated with small doses of OA adsarbed on
alumimum hydroxide (25)

The discrepancy observed between the anaphylac
tc response and the quantity of hemagglutmaling

dies 10 guinea pugs from the two strains

ability to be d and m suscep 10
respyratory anaphylauis n actively as well as i
passively wnmunszed ammals The demonstrated
age selated responsiveness 1o respiratory anaphy
Jaxis may also be explamed by a difference tn
permeability of the mucosa which has been
observed to be mversely related 1o the maturity of
the wdrvidual {4)

64

\maunized with OA 1 FCA or by passively
transferred antibodies and the variation observed m
desensttizing effect of repeated mnhalations My
partly be explamed by the presence of \h:rmunttgl:\r'

a
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dufferent
(28)

However the severe fespiratory anaphylaxis in
the passively sénsitized high responders ‘which can
e reproduced several imes without desensiization
may offer a system suited for in vno testing of
pharmacological agents of nterest i asthma
broachule

2 The dfferens susceptibility to respiratory
anaphylaxis observed 1n high and law responders
¥ pot due to a corresponding difference m
seostivity o tahalations of histarmine Tn contrast
%0 Strains of guinea pigs inbred with regard to
figh and low sensjuvity respectively to ihalation of
histanune  when sensitized with antigen showed
e same daf m
by subsequent challenge with inhalation of aeroscl
12ed antigen solution {29}

The difYerent susceptibility 1o respiratory anaphy
laus may further be explatned 1) by difTerences both
1 the total amount of histamine 1n the fung tissue
and the amount available for release mn anaphylaxis
a3 demonstrated in the ynbred guinea pig strams 2.
and 13(28) 2)by a different ability of cells to accept
reaginic antibodies as demonstrated with human
leucocytes n vitro (20) or 3) by differences in the
biochemical processes that are controling the
mediator release from the cells after the antgen
antibody interaction on the cells The histamine
release 15 considered to be controlled by cellular
enzymes and the level of cychic AMP while the
number of cell bound anubody molecules deter
mines the of the cor 4,

to resps ¥

q Sor an ammal model for studies of
atopic reactions Several investigators have discus
sed 1n detail the enormous complexity of events 1n
the atopic reactons in man and the possibihues and
umstawons of using animal models suce for safety
rteasons only limited studies can be done 1 atopic
fumaps {1 4 5 12 13 18 22 24 29)

‘The prelimunary results presented here indicate a
utilization of the two strains of guinea pigs for the
orignal purpose the development of an ammal
model for of resperatory gt

This work was started in collaboration with my former
chief Professor K A Jensen to whom 1 owe a debt of
grantude for inspiraton 2and suppori § am much
mdebied to my presem chuef Professor M Volkert for
gwung me the possibility of contnuing these prolonged
experyments The careful and relable assistance of the
persannel 1n our ammal house 15 gratefully acknowled

%23 Finally 1 wish 1o thank my present laboratory
assstant  Charlotte Berthelsen as a representative of
severaf assistants from whom ] have recetved vatuable
technical asststance

The work was supported by grants from P A Brandts
Foundation
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AND IMMUNOCOMPETENCE IN RATS
A C THOMSEN and I HERON

fnstitute of Medical Microbiology Bamhohn Buitding Umversity of Aathus DK 8000 Aarhus
Deamark

Thomsen A C & Heron 1 Effest of on
Acta path microbiol scand Sect. € 87 67-71 1979

and 1n fats

The purpost of thus study was 10 evaluate some possible mechamsms by Which mycoplasmas 2y
Laciluate 8 Subseqieat bacteral wfection The effect of M arthritdis M hominis and U urealyucum on
Tymphocyte reacuvity to mitogens subséquent antibody response and the ability of neutrophils to Carry
qut phagocytosis was wvesugated [ wtro lagge doses of M arthrndis and M homunis depressed the
reactivsty of lymphocytes and the phagocytic ability of In vivo of 0

had no effect on reactvity of lypbocytes frops rats and antibody response to subsequently snjected £
colt was normal However penitoneal neutrophils from rats injected intrapefitoneally with large doses
of M arthrindis and M Horms were wvalidisted m their ability to cause phagocytosis of £ coft U

urealyncym bad no observable effect on lymphocytes and neutrophuls fn vitro and o vive
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rats
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Mycoplasma hormmes and Ureaplasma ureafvt:

cum are frequently solated from the hyman
urogental tract but thewr relationship to disegses
remans in Most cases unclear However a possible
pathageme fole of mycoplasmas ts dicated by
reports of a facihitaung effect on stmult2neousty (6)
and subsequent (6 10 14 bacterul mflammayon
Thus the dose of Eschenicia colt sufficient for the
wduction of suppurative pyelonephntis in rats was
decreased a hundredfold when preceded by inocula
ton with Mycoplayma arthrindis (14)

' - N

- ATAVEN
certam anugens was depressed (12) l’&s\l]lu;g ma
secondary in viro productson of humoral

anubodies

Mycoplasmas have also been observed to nteract
SR bk w -
. L ‘

The present study was undertaken to compare the
effects of mycoplasmas 1 vitro and i vio on T
B and as

expressed by the reactwvity of lymphocytes to
mtogens, the production of humoral antibodies
and the ability of neusrophsls 10 tause phagecytosis

MATERIALS AND METHODS

Rats Speafic pathogen free male rats of an mbred stram
of Hooded Luster weight 200-300 g were used

Mycoplasmas The strains used were s 158 p 10
ofif ar:hmulu which has been proved 1o be pathogenic
m . e

modifed Shepards medium (1) The cotres were
barvested by centrfugation st 50000 g for | hour and
tesuspended m normal salme to a Concentraton of
approvimately 10% colony formuing units permllcfu/
wl Mycoptasmas were imoculated Intraperttoneally

rel



intracardially or directly into the kidney, as described
previously (14) Control rats were inoculated with
normal sahine

Bacteria Swrain 04 44/41 of E colt 1solated from a
patient with inflammation of the uvrinary tract, was
cultivated in brain-heart broth to provide approximately
107¢ fu /m! This dose 1s pathogenic for rats (14)

Examunation of Iy mphocy te reactivity Cultures of rat
fymphocytes were prepared from cervical lymph node
and spleen as described previously (8) In bruef, 5 x 105
Iymphocytes were cultured 1n 02 ml of medum in
microtitre plates The medium used was RPMI 1640
(Gibeo), supplemented with penscillin 1001 U /ml, § per
cent normal rat serum and § % 10-5 M 2-mercaptoetha-
nol DNA synthesss was quantified by the uptake of 15C-
labelled thymudine during the Jast 16 hours of a 96 hour
ncubation period at 37° C Cultures were harvested on
glass fibre filters The radioactivity on the dried filters
was measured in a scintilfation specirometer

T lymphocytes were sumulated by the additton of

counting was shown 1o consist of 95 per cent or more
neutrophils Heparimized tail vemn blood from the rass
Wwas used for the preparation of perspheral Jeukocyes
The blood was mrxed with one-fourth of s volume of §
per cent dextrant 70 (Pharmacra) and 1ncubated for one
hour at 37° C (o sedument the erythrocytes The
Supernatant contained approximately 104 leukocytes per
ml, 20 per cent of which were neutrophsls The leukocyte
suspenstons from pentoneal exudate and perpheral
blood were centnfuged at 180 g for S min and the
ds cells p d to a of 106
cells per ml tn Eagle's mynimal essentsal mediym (MEM)
supplemented with five per cent (v/v) foetal calf servm
and adjusted to pH 7 2 with sodium bicarbonate The
mycoplasma strains were added to four suspensions of
leukacytes ta a ratio of 100 1 or 10 1 of mycoplasmas per
neutrophtl An equivalent volume of saline was added to
four leukocyt The were
incubated at 37° C for 30 min E cofr suspended 10
MEM was then added to a ratio of {0 | and 1 | bactern

phytohemagglutimin (PHA) 0 5 pg ml-1, and
lin A {con A), 10 pg ml-1, and 1n the mixed lymphocyte
cutture (MLC) by the additon of equal numbers of
irradiated (4500 rad) allogeneic lymphocytes B cells
were stimulated by 20 pg mi-1 of lipopolysaccharide
(LPS)

The 11 suro effect of mycoplasmas on lymphocyte
reactivity was studsed 1n lymphocyte cultures Doses of
108, 106 and 105 cfu /ml of the three mycoplasma
stramns were added to the cultures before symulation, and
each test was performed in quadruplcate Controls
included (he addition of normal saltne to cultures

The in wno effect was studied i lymphocytes
removed fram 40 rats after moculaton of 108 ¢ fu of
the mycoplasma strains or of normal salme into 10 rats
each Injection was performed into (he heart peritoneum
and kidney simultaneously The rats were euthamized in
pairs at | 8, [5 22 and 29 days post-inoculation
Lymphocytes from the cervical lymph node and spleen
were cultivated and sumulated as above but strepiomy
cn (100 pg/mb) was added to the medium to prevent
growth of mycoplasmas

Exammation of abiliy 1o produce antibodies to E coli
Nine rats were each oculated with 108 cfu of
mycoplasmas or normal saline Injection was performed
nto the heart peritoneum and kidney simuitancousty in

per phil, and d in the supernatant 1a five
concurrent aliquots after 0,30 and 60 minutes of further
incubation at 37° C

The i 1no effect of mycoplasmas on leuhocyic
phagocy tic function was studsed using the perutoneal 2nd
peripheral blood leukocytes from 32 rats Six groups ¢
four rats each were moculated inteaperitoneally wilh ¥
arthritidis M homumis or U wrcaly ticum suspended in
0 1% glycogen at two concentrations 108 and 106¢ v
Ewght rats moculated with saline contaming 0 1%
Blycogen served as controls The peritoneal exudate {rom
these rats contained 107 cells per ml, 95 per cent of which
were neutrophls, and the blood contained 104 leukocytes
per ml, 20% of which were neutrophls The leukocytes
were harvested and resuspended 1 MEM as above
Mycoplasmas were never recovered from samples of
these suspensions £ coli was added and enumerated 35
above

RESULTS

Effect of Mycoplasmas on Lymphocy te Reactpity
The addition m vitro of M arthrisdss and M

homims i doses of 105 and 106 ¢ fu /ml reprodu

cibly both the thymtdine mcorporation it

all 36 rats 107 £ colt was d Intr
and 14 days later Serum samples were drawn from the
tad vera of the raw before moculauon wih E coli and
subsequently every second day

Antibodies to £ coft were determined 1n duplicate by
the indirect haemagglutenation method (11) A 10 hour
culture of £ coft stram 04 44/41 was boiled harsested
and used as antigen

Exammation of the abithy of nentrophilic leukocvics fo
cause phagocytosts For the 1 vitro phagocytosts assay
peritoneal and pertpheral blood neutrophils from 16 rais
were examined The rats were inoculated ntrapenito-
neally with O | per cent glycogen n normat saline The
peritoneal exudate harvesicd 24 hours later conttmed
approumatety 107 cells per mi which by differential

£R

Iymphocytes sumulated with mitogens (PHA cont
and LPS) and the MLC response A representati®
example 1s shownn [ig | mwhichan almost total
impatrment took place n the uptake of 4C-labelid
thynudine in PHA and conA stimulated Ilymphocyte
cultures with 106 ¢ fu /ml added The addition of
105 fu of M arthritidis and M homs imereased
the mitogenic response shghtly but the addion of
U urealyticum or normal saline had no significant
effect on the responses Stmular results were
obtaned when lymphocytes from cervical jymph
node or from the spleen were tested

In wno the mycoplasmas did net reveal snhiit
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cultures which were stimolated with PHA and con A

tory effect Lymphocytes from both the cervical
tymph node and the spleen of 30 rats removed
during 2 period of 30 days after injection of Af
anhrindis M homims or U ureabticum could all
be stimulated by mitogens and in MLC to the same
extent as lymphocytes from 10 control rats
ioculated with saline Mycoplasmas were ivari

ably cultured from the lymph node and spleen of
moculated rats at the ume of removal but
lymphocyle cultures pever yielded growth

Effect of Mycoplasmas on Antibody Formation o E
col

The i vno formation of anubodies to £ coft
woculated seven aad 14 days afier

woculation of
mveonlasmac wae -

nalfamad A L

R .

ureahiicum as compared with the nime controls
previously socutated with saline (Fig 2)

Effect of Mycoplasmas on the FPhagocy tosis of

E coli & Neutroph Is

In suro the pernoneal and pery
ipheral blood
neutrophuls from eight rats were mvalidated n theyr

69



E colt after Mixing with the Neutrophils

TABLE L. The Effect of My coplasmas on Phagacy e Funenon of Pemoneal Neutrophils as Expressed by the Number of

Colony-forming umts of £ colr in Suspension®

mire vava
Time of incubation (minutes}
Mycoplasma species 0 30 60 0 30 £
M arthrindis 8x 108 1x106 7% 108 2% 106 1% 106 1%108
1x 108 1% 106 2x 108 9x 105 X105 Ix 108
M homuns 3x108 1% 106 3x 106 9% 105 [x 106 8x 108
7% 108 9% 105 8x 105 2% 106 2x 106 2x106
U wrealy ticum 1x 108 5104 1x 104 2x 106 7x 104 2x 104
1% 108 1x104 2% 104 9x 10§ S 104 §x104
o my copiasmas gx 105 1x104 Ix 103 3% 106 2x {04 Ix 104
7x 103 2% 104 2% 104 8x 108 9x 103 1% 108

2 Average of five concurrent enumerations of £ cgl added 1n the rauo of one bacteria to one leukocyte 11 twg it 1l

and two 1 yivo experiments

ability to phagocytize £ colt by M arthringis and
M homims This was expressed by a constant
number of £ cols after incubation with neutrophils
pr d with the my (Table 1) The
mycoplasmal snhibrtory effect was independent of
the ratos of mycoplasmas per leukocyte and
bacteria per leukocyte tested Neutrophils from
eight rats premcubated with U urealyticum or
saline phagocylized £ colr, resvlting 10 a hundred-
fold decrease n the number of bactersa within one
hour, regardless of the ratio of bacteria per
leukocyte tested

In yno, peritoneal neutrophils from erght rats
inoculated with 108 cfu of M arthrindis or M
homus were nvalidated n therr abity to cause
phagocytosis of £ coft, as shown by the constant
number of bacteria after mixing with the neutro-
phils (Table 1) Peripheral blood neutrophils,
neutrophds from eight rats moculated with 106
cfu of M arthrendis or M homunts and heutrophils
from 16 rats with U wrealvitcum or saline,

mncorporation 1n cultures where Iymphocytes were
stimufated by either B or T cell stmulating agents,
while small doses increased the response We
assume that these changes reflect decreased 2nd
mcreased DNA synthesis of the lymphocyles
respecyvely, although tus may not necessardy b
the case Simiar dosedependent decreasing 2nd
mcreasing effects of the two mycoplasma SpESEs
have been observed 1 mice lymphocyte cultures (3)
and a suppressive effect of large doses of both
orgamsms on human lymphocytes has also ben
reported {12)

Furthermore, a decreased response of sensitized
lymph 1 \atro to tub and all S
and 1mpaired secondary tn vitro production of
antibodues to diphtherta toxoid has been demonstra-
ted n lymphocyte cultures mfected with A7
arthritidis or M hormims (12)

The effect of )
tymphocyte reactvity i iro seems to be due 0
argintne depleton of the medium (3, 12), and s only
d by argmme utihzing species, eg M

l; on

phagocynzed E colr as expsessed by a h 1d
decrease sn the number of bacterta The leukocyte
suspensions never yielded growth of mycoplasmas

DISCUSSION

The effect of mycoplasmas on lymphocyte function
appears to be complex Jn vitro large doses of M
artbrindis and A fomms wmhibited thymidine

arthriticis and A1 fomms (12}, and not by species
independent of argiine, eg U urealyticum 2
shown 1 the present study On the other hand the
mutogenic properties have been observed for both
glucose and arguune uhlizing species, though as
regards the latter only when added in small doses
which do not deplete the arginine from the medium

)



fn wwo T and B lymphocytes from rats the facitatng effect of some mycoplasmas on

inoculated with mycoplasmas
mutogens and allogeneic cells The B cell production
of antsbodses to £ colt 1njected one and two weeks
afier the mycoplasma tnoculation was also preser
ved Thss 1s s aceordance with the observation that
antibody response to sheep erythrocytes is unaffec
ted by pror wfection with arguune utilzing
mycoplasmas (12) Thus where bactenal infection
follows mycoplasta mfection the functions of T
and B lymphocytes in vive seem to be unaffected
possibly due to the nability of mycoplasmas to
depress markedly the levels of argimine 1n the host.

However a depressive effect of M arthritidis on
the antibody response to bacteriophages when
1noculated simultaneously 1nto rats kas been repor
ted (9) and the sunultaneously moculation of
membranes of M arthriudis and immunogens of E
cols mhibited the antibody response to £ coli in
rabbits (2) This mhubitory effect may be due to
antigenic competition

Ia the natural suvation ifections with mycop
lasmas and bacterta are not always simultaneous
and simce this and other studies {12) have shown
that where bacterial mvasion follows mycoplasmal
mvasion lymphocyte reactivity and antibody re
sponse femain notmal then the facitating effect of
mycoplasmas on subsequent bactenal infection

would not appear to be due to impairment of these
functions

However an mhibitory effect i vitro of M
arthrindis and M kormunis on the ability of
neutrophils to cause phagocytosss of E colt was
found 1n thus study and by Simberkoff & Elsbach
{13) Moreover n the present study this effect was
shown to occur in vivo The intrapertoneal wnocula
ton of 108 cfu of M arthrindis and M homims
wmpaired the abiity of newtrophis 1n peritoneal
exudate to phagocytze £ coft This would not
appear to be an i vuro effect caused by mycoplas
mas adherent to the leukocytes since 1n actordance
with the findings of Simberkoff & Elsbach (13)
mycoplasmas could not be cultivated from the
sediments of centrifuged leukocyte suspensions.

The mechanism bv ah = =

'
- e - v .
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eupioyed Jhus, the effect seems to be local and
dose-dependent which may indicate the possible
aesseety of direct contact between the neutrophils
and a certain quantuty of mycoplasmas This 1s ona
par with the hypothesss that mycoplasmas may
damage the oell surface of the nautrophuls (13)
These observauons offer a possible explanation for
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reacted mormally to  subsequent bacterial 1nfections

REFERENCES

Black F T Modifications of the growth mhibiuon
test and 1ts apphicauon to human T mycoplasmas
Appl Microbiod 25 528-533 1971
Bergquist L M Lou B H § & Winter C E
associated effect
on hemagglutinin response to common antigens 1n
rabbits Infect fmman 9 410415 1974
Cole BC Aldndge K E & Ward J R
Mycoplasma-dependent actvation of normal lym
phocytes mutogenic potential of mycoplasmas for
mouse Iymphocytes Infect tmmuo /8 393-399
1977
Copperman R & Morton H E  Reversible
\nhibition of mutosts in lymphocyte cultures by non
viable mycoplasma Proc Soc exp Biol Med 123
790-795 1966
Erme H & Snpkovits L Bovine mycoplasmas
Cultural and brochemrcal studies II Aca vet
scand /4 450-463 1973
Fabricans I & Levine PP Expenimental produc
uon of complicated chronic fespratory disease
infection (satr-sac disease) Avian Dis 6 13-23
1962
~

Heron I & Meyer H Local lymph node response
1n rats 1o atlogene:c strmulus analysis of the 1 virrp
responding cells Acta path microbrol scand Sect.

Liu C Jayanetra P Voth D W Muangmanee L
& Cho € T Potestiaung effect of Mycoplasma
preumoniae infection on the development of pneu
mococeal septicemta w hamsters J mfect. Dis 425
603612 1972

Neter E Bersram L F Zak D A Murdock M
R & Arbesman C E Swdieson hemagglutinaton
and hemolysis by Escherichia coli antisera J exp
Med 96 1-15 1952

flmberko/f M S Thorbecke G J & Tham ¢

o2 Gnomnsl
Simberkoff M § & Efsbach P The m'.tran:::zn
¥itro between polymorphonuclear Jeukocytes and
mycoplasma J exp Med 134 1417-1430 197
Thomsen A € & Rosendal S Mycoplasmosts
experimental pyelonephrits 1n rats The effect of
secondary mfection with Eschenichia coli Acta path
microbiol scand Sect. B 82 9498 1974






Acta path mcrobrol scand Sect. C 87 73-77 1979

INTERACTION OF THE Fc PART OF 1eG
WITH LANCEFIELD EXTRACTS OF HEMOLYTIC
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Lancefield extracts of 19 types of group A streptococat as well as one group C and one group G strain
were examned for agglutinavon of human red cells coated With various ants Rh antibodies Fourteen
estracts agglutinated one or more of the coated cell samples While five did not The aggluunation was
ithbited by Fc but not by Fab fragments of human 1gG  After mouse passages three of the non

strains  acquired capacity At least three different reactivities were
disunguished by the action of the ewracts on IgG1 and 1gG3 coated cells respectvely Two of the
sueptococeal extracts agglutinatng the same ant Rb coated cefls could be further dafferentiated in
hemaggluunation 1nhubwon (HAD expenments using punfied [gG3 myeloma proteins Five selected
agglubnatng systems were mhubited by purified myeloma proteins of the IgGl IgG2 and 1G4
subclasses 1gG3 proteins mhibued only tee of the five HAL systems

hey words Streptococer Lancefield extcact 1so-allotypes Gm mackers human (g Fo fragment.
Poul Christensen Inst tute of Medical Micrabualogy Solvegatan 23 $-223 62 Lund Sweden
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The capacity of Lancefield extracts of group A
streplococcs 10 agglutinate sheep red cells coated
with rabbit ant-sheep red cell anubodies (SRBC)
was demonstrated m 1974 (4 This reacuvity 1s

present paper extracts from different streptococeal
groups and types were investrgated for restniction in
affinty for buman Ig

widespread among group A strepiocoey {8) Re
cenlly Lancefield extract of group A type IS
streptococct was found capable to agglutinate Rh
positive oells coated with mincomplete 2nu Rh
anubodies and 10 form preciptate 1n gel with
human sera The reacuvity of this extract was
TEincted 23 determined wath sera from vanous
populations and its capacity to agglutinate red cells
coated with varjous anti Rhs differed (15) In the

MATERIALS AND METHODS

Streptococcal Stra ns

The following reference strams of group A strepto-
oot were used M (BG 930724 \{5 {100065) M6
(8302) M8 (8324) M9 (100067) MI( (100068) V{12
{RS3Y M5 (100070) M1I7 8304) W22 (EF 1950)
127 {EF 1913) M46 (8230) MS5S (100189) \{S6
(100191) and MS7 (100190) Furthermore the follow
10g Gryff'th strains were wsed T13 (Glover) and T44
(Henson glossy) 81C and 113G belonging to group C



and G, respectively, have previously been used (5)
Group A, T type 28, opacity factor posiive (OF +)

undigested [gG by gel chromatography on Uliropd
AcA54 (LKB, Stockholm, Sweden) and the Fab and k¢

streptococer were ssolated during an outbreak
of streptococcal sore throat in a day nursery T-typing
and test for OF were performed as described (1, 11), 47
of 90 chuldren were infected with the stram

Mouse Passage of Streptococcal Stratus

The strains M3 (BG 930/24), M{2 (R53) and M46
(8230) were subjected to mouse passages over several
years Each passage was performed by intraperitoneal
smjection of mouse Spleen suspension taken from dead
mice within 24 hours

Streptococcal Extracty

Group A streptococct, types MIS, T28, T44 and
M55, were cultured n 20 Iitres and the other stratns ja
03 litres of Todd-Hewitt broth, cultivation and extrac-
ton ad modum Lancefield were performed as described
elsewhere (I5) Several extracts of each stram were
prepared and used in repeated experiments

Human Sera

Sera were obtamed from the stafl at the above-
mentioned day nursery and from the parents of the
children The sera were heated at S6°C for 30 min before
use

M-Components
The M-components were punfied from plasma
samples from patients with mulbple myeloma A
b sulphate p Ton-
b

o

h: and gel and prep
agarose gel electrophoresis (10) was used fo 1solate the
M-components Their purity was shown by analytical
agarose gel ek (o, p
(7) and SDS polyacrylamude electrophoresis {16 Conta-
minating proteins were below 2% 1n the preparations
The M components were dialysed against distilfed water,
lyophilized and stored at room temperature Stock
solutions contajning 2 mg prote:n/ml 09% NWaC),
determined as described (13) were prepared for the
experiments

Deternynation of the Subclass of the IgG M-Components
‘The chemical typing procedure of Frangione et at (6)
was used

Feb- and Fe-Fragments of Polyclonal 13G

Polyclonal 1gG was prepared from a pool of plasma
from several hundred registered blood donors by get

y on DEAE-Sephadex A S0 (Ph:

Fine Chemucals, Uppsala Sweden) equilibrated m 0 03
mol/1 Tns-buffer, pH 74 Appropriate fractions were
pooled and further purified by gel chromatography on
Sephadex G-200 (Pharmacia Fine Chemicals) Fab and
e fragments of the polyclonal IgG were prepared by
mercury-papam digesuon  essentally as described by
Hsiao & Putnamt (9) except that the digeston Was
termunated after 30 min by addition of recrystalized
wodoacetic acid  The fragments were solated  from
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P agarose gel electro
phoresis (10) The preparations of the fragments were
desalied and Iyophilized

Agglutination and Agglutination Inkibition Tests
These tests were performed essentially as described
previotsly (15} The anu-Rh Ripley (R1) was a it from
Dr Marion Waller, Richmond, USA, this ants Rh 58
asitis fixing Antt Rh kM 2d
317 are useful for detection of the genetc markers
Gim{l) and GIm(4), respectively The ants Rb HUN
detects 19G3 markers which are G3m(S) and 1s as bigh
titred an anti-Rh as Ry, on analysis with conventanad
techmques For coating, the ant-Rhs were diuted
indicated 1n Table 1

Demonstration of Opaclty Factor (OF) and Anti OF
Antibodies

OF from group A streptococar type T8 #%
demonstrated as described by Maxted ef af (14) Theutrt
of OF-antibodtes was expressed as the highest diution o
serum inhibiting the opacity reaction

RESULTS

Agglutination of Red Cells Coated with Incomplel®
Anti-Rh by Lancefield Extracts

The hemagglutiation titres of the extracts ff
red cells coated with four samples of high e
antt-Rh antibodies are given m Table | OF the 19
extracts, (4 agglutnated one or more of the coaed
cell samples Types M and M17 streptococcs 4%
excluded, as Lancefield extracts from these 190
stramns weakly agglutinated uncoated ted cells s
apparent that the titres for celts coated with Ruart
much higher than for cells with other antt Rbs
Seven of the extracts, ncluding those of the gm\:p'
and G strams, shll agglutnated the Ri-coated c¢ 3
on dilution more than 1000 imes Al extracts wi
a »Ru-titrec of 640 or more agglutmated the oS
coated with at least two other anti-Rhs The results
with the IgG1 coats KM and 317 were very seemls?
It was notable that the MS6 extract was acne {f
the [gG1 coats but was mactive for the 1§G3 oot
(HUN) This was n contrast to M8, M5, group €
and group G. which were actve for both, and T44
which was active for 1gG3 alone

Acquusition of Ig Binding Activity by Mouse Passag?
of Strains

The extracts of the three group A streptocoeca!
strains M3, M]2 and M46 marked with »Ce 30
Table | did not agglutinate any of the coated cell
preparations After repeated mouse passage of the



ABLE 1 Agglutination of 0 Rh+ Red Cells Coated with Human [gG Antt Rh by Lancefietd Extracts of Streptococc

xtract of Agghuunation wtee of sxtracts for red cells coated by anti Rh
tococcs! s ——
; g HUNLL 0K
:r::pllp Strain Rill 15k KALI e 3174150
M3e <10 ] g g
Md 1280 4 : H
AtE) 40 0 ° S
Mb <10 o ° °
ME 20000 g 10 8
M9 20
A MI2¢ <ip ° [ 1‘))
T3 20 0 0 ’
MiS 20000 16 16 I()
M22 40 o 0
M2 <i0 8 0 0
T28 640 4 3 °
T4 20 ° o 3
Mg <19 ° o 0
MiS 20000 2 16 4
A56 2560 i6 16 0
M57 <10 o o S
Id 8UC 2560 2 K I
G G 2560 128 3 P
* Theextracts of M11 and M17 from the tab of uncoated cells occurred

b ladicztes the diluton of the ants Rh a1 coaung.
© Befare being subjected to mouse passages See text

strams the extracts agglutnated Ri (diluted 1 153t Myeloma Proteins as Infubrors of Hemagglutination
coatng) 10 2 ddution of 1 180-360 and HUN () 100 Systems

10 & diluton of 116 KM (1 5) or 317 {4 5) eoated As mentoned above, 14 of the 19 samples
cells were not aggluunated agglutinated one or more of the four coated cell

TABLE 2 Hemagglutination Inhibiison by Purified Myeloma Proteins

Hat Number of myefoma proteins inmbitory
systems
oy Wel wG) oA 12D 1M

MIS/AM s 2 L 3
MIS/HUN 5 2 4 3 lo) g
T28/Ri 5 2 0 2 0 0
TAd /R H 2 o 3 ¢ 0
113G/AM 5 2 4 k] Q o
Towl number of
myeloma protens tested H 1 4 3 1 3
Total number of
AL systeme snhibsted 515 8/ 75 varable 0/5 0/5

* Inhibrtory ata concentravon of 0 1-0 01 mg/ml Myel
P o g yeloma proteans not whibitory at 2 mg/mt were segistered as



samples Inall the results recorded 1n Table | make
36} Jutimation systems for inhibt
tion studies The 18 purified myeloma proteins at
our disposition have so far been tested for their
capacity as mhibitors 1n 5 systems representing
different  streptococcal  agglutinating  activities
MIS/KM (streptococcal extract/anti Rh  coat)
MIS/HUN T28/Ri T44/Ri and 113G/KM
(Table 2) The five IgG1 and the two IgG2 myeloma
protems were inhibitory at 0 1-0 01 mg/ml n all
five HAI systems The IgG3 myeloma proteins
were intubitory only in two namely M{5/HUN
and 113G/KM The IgG4 myeloma proteins were
inhibitory 1n all systems with the exception of one
myeloma protein which was less mhibitory 1n the
T28/Rr system None of the HAI systems was
nfubited by the IgD or the three IgM myeloma
protemns (2 mg/ml)

Fab and Fc Fragmens of Human Poly clonal Ig as
Inlubitors

Fc fragments were ihibitory at 0 01-0 001 mg/
mi n all of the five HAI systems tested No
inhibition was obtained by Fab fragments at 0 5§
me/ml

Lack of Correlation between Antt OF Antibody Titre
of Sera and Intuibitory Tutre of Sera it HAI System
T28/R:

Sixty sera sampled from parents and stafl
engaged i a type T28 SOR + epidemic outbreak 1n
a day nursery were investigated for inhibstory
capacity 1n the HAI system T28/Ri1 The ants OF
T28 antibody titres ranged from | 1 to | 640 1n 21
sera while 39 did not contain such antibodies
Absence or presence of anti OF T28 antibodies did
not correfate to the hibitory capacity of the sera
neither did the titres of OF antibodies

DISCUSSION

1t 15 apparent from Table | that Lancefield extracts
from streptococcal strains vary markedly in their
capacity 10 agglutinate red cells coated with anti Rh
The titres of the extracts for the Ricoated cells
were considerably higher than for the cells coated
with the other anti Rhs [t should be noted that the
Ry coat (s exceptional among anti Rhs smce 1t
detects rheumatoid factors much more effectively
{han do other coats The reasons for this behaviour
of Ry are not well understood Extracts from strains
A8 AMIS and M55 could be diluted more than
20 000 tmes and st} agglutinate the red cells
coated with R1 whereas the undiluted extracts of
M3 Mé MI12 M27 and M46 were mactive All
strains except T28 81C and 113G were reference
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strains and have thus been recultvated m ype
laboratory for several years

The extracts of strains M3 MI2 and Mg
agglutinated both Ri-coated and HUN-coated cells
after mouse passage n contrast 1o the eXlracts
obtamned before the passages which were nacine
These strains were M negative after the prolonged
passages yet highly virulent for mice as compared
with the original strams (2} Studies are in progress
to elucrdate whether the agglutinating capacity can
also be increased in this way in strains showing low
activity or mduced in other >negatne strans
Havliceh (8) found that all of 38 fresh rsolates from
an epidemic outbreak agglutinated SRBC whie
only 38 of 175 collection stramns did so Th's might
indrcate that the agglutinating capacty could be fost
during storage of the stramns  However it remamns
to be clarified whether same strains of certam pes
nmught Jack capacity to agglutnate anty Rh coated
cells also when freshly 1solated from chnical sources
or after mouse passages Hailicek (8) found no
activity for SRBC amond 28 type [2 grovp A
streptococer 13 of which wete collection strams and
15 frecze dried cultures On the other hand our
results might ndicate that the capacity to agglut
nate sensitized red blood cells js inducible in type 12
and lack of this charactersstic thus may not be a
constant property of this particular type

Only 1gG protetns were nhibrtory n the fise
HAI systems tested Nether the IgD nor three g\
myeloma proteins were mhibitory 1n any of the
systems IgA proteins have so far not been stud ed
As was ob d by Fe of IgG
but not by Fab fragments it 1s reasonable to assume
that the anulg actvity n the streptococcal
extracts 1s 1dentic with the 1gG Fe receptor of
streptococct (3) Furthermore Halicek (83 found
that the Fc part of rabbit IgG tmhibtted streptococeal
aggluttnation of SRBC

The Lancefield extracts of M15 T44 and Msp
streptococcl gave different agglutination pattems
with red cells coated with KM and HUN anti Rhs
useful for detection of 1gGI| and IgG3 genctic
markers respectively  To further elucidate the
restrictions 1 reactivity for human immunogloby
Ins expressed for the different extracts the inhiby
tory effect of myeloma proteins on the hemagglutt
nation was studied The reacttvity of the extracts i
HAI expersments varied from one streptococcal type
to another W therefore considered the posstbility
that mhibition by a myeloma protcin it one systet
but not another could be due to antistreptococcs!
type specific antibodies Test of a number of human
sera with and wathout type specific antibodses far
the T28 stramn 1n the T28/R1 HAT system showed
no correlation between miubition and presence of




ype 1o

type speaific antibodses However 11 18 Necessary

furthier elucidate the possible mfiuence of astibodtes
1

1 sute of group A mmoio'jm In Ct\bs\r;csvs ‘a:
of the XMlth Alf Unon Congre
yﬂmrs an Ulanovsk

ed against other
.:::::e the iuwoms of HA! studies with norma) sesa
an be aunbuted 1o minbion only by the e pars
The M15 and 113G extracts were similar ¢ yne
sense that they agsluutated both KM and WUR
sensitized cells However wn HALsystems mvalving
the KM coat and 12G3 myeloma protesns these
extracts behaved duferently (Table 2) Including the
Grdisg that seme AtUad(s Wwete Row reactive With
ant Kb conted oells five dufferent affioities for
fuman [zGs could be registered etemphified by
(3 Cuon veactne] A4 (reactne with JgG1 coats
only) =
MiIsa
subcfas
restyicted activity of the \M13 extrat was furiher
dlusirated by the Tinding that the Jour IgG3
myeloma proteins inhibited the of the

a

w
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(85-(86 (977 in Russian

Christensen P Johansson 8 G & Aromall @

nteracyon of sireptococn with the Fo fragoaen o1

186G Acta path mucrobiol scand Sect C 84 73—

76 1976

Chrstensen P & Kromaff & Capacuy of group &

§ ¢ Dand G streplococet to agglttinate sensized

sheep red cells Acta path macrobiol seand Sect. B

§2 19-24 19N

Christensen P & Oxefius ¥ A Quanntation of the

uptake of puman 150 by some strepogocn groups

» B Cand G Actapath mucrabiol seand Sect. B

82 A75-483 1974

Frargote B Milsan C & Franklm E C

Chemieal typinig of 1mmunoglobulins  Nature

(Lond) 221 149-151 1969

Grabar P & Williams € 4 Methode permettant

fetude conjuged proprietes electrophoreuques et
)\

12G3 coated cells but not of the 1gG! coated cells
{Tape 2)

The five IgG 1 protans belonging to Gimti) or
Glerl4)all tnhibrred the fise HAT systems mvestiga
ted indicating that the inhibition was caused by a
marker (hat 15 1sotype for the 1gG1 subdlass The
abservations of Kromall (12) wdicated differences
vetween two 12G3 mydloms sesa 1n alfinky for 2
group A streptococcal strain All the 12G3 myeloma
protéins used m the present study were Gml3)
which readers (t less kely that these protens
should differ with respect to genetic markers i she
Fo part Tt was also Tound that af) four JgG3
myefoma protemns vaned  the same way a2 the
different HAL systems That differences withm one
G subdass cowld Pe deated 1 HAL systems
mvolving streptococeal exiracts was efucidated by
the & flering behaviour of one of the diree 1G4
mytoma protens  the T28/Rt system The
smidarty m the whibiton panerns of the 13G1
myeloma protemS combned With the results
chlalned wuh ¢ ¢G4 mycloma proteins may
mdicate tha some of the extracts have alfinury for
na-atiotypic markers as our earlier expenments
bave suggested (15}
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samples Inall the results recorded m Table | make
36 h 1on lable for mhibt
ton studtes The 18 punified myeloma proteins at
our disposition have so far been tested for therr
capacity as inhibitors n 5 systems representing
different  streptococcal agglutinaing  activities
MIS/KM  (streptococeal extract/ant: Rh  coat)
MIS/HUN  T28/Ri T44/Ri and 113G/KM
(Table 2) The five IgG1 and the two 1¢G2 myeloma
protejns were mhubitory at 0 1-0 01 mg/ml mn all
five HAI systems The IgG3 myeloma proteins
were nhibitory only in two namely MI5/HUN
and 113G/KM The 1G4 myeloma protems were
mhibitory s all systems with the exception of one
myeloma proteinn which was less inhibttory s the
T28/R1 system None of the HAI systems was
mbubited by the IgD or the three IgM myeloma
protens (2 mg/ml)

ystem:

Fab and Fe Fragments of Human Poh clopal Ig as
Inlubitors

Fe fragments were imhibitory at 0 01-0 001 mg/
ml 1 all of the five HAI systems tested No
mhubition was obtamed by Fab fragments at 0 5
mg/ml

Lach of Correlation betwcen Antt OF dntibody Titre
of Scra and Iulubtiory Titre of Sera in HAI System
T28/R:

Sixty sera sampled from parents and stafl
engaged in a type T28 SOR + eprdemic outbreak 1n
a day nursery were imvestigated for inhibitory
capacity i the HAT system T28/Ri The anty OF
T28 antibody titres ranged from 1 1 to 1 640 1n 21
sera whtle 39 did not contun such anubodies
Absence or presence of anu OF 728 anvbomes &t
ot correlate to the hibitory capacity of the sera
neither did the ttres of OF antbodies

DISCUSSION

It 1s apparent from Table } that Lancefield extracts
from streptococcal strams vary mashedly w thew
capacity to agglutnate red cells coated with antt Rh
The titres of the extracts for the Ricoated cells
were considerably higher than for the cells coaed
with the other antt Rhs 1t should be noted that the
R: coat 15 eXceptional among inu Rhs since @
detects rheumatoid factors much more effectvely
than do other coats The reasons for s buhaviour
of Riare not well understood Extracts from strains
M8 MIS and M55 could be diluted more than
20000 times and still agglutinate the ted cells
coated with Rt whereas the undilvted exiracts of
M3 M6 MI2 M27 and Mab were mactwe Al
strarts except T28 81C and 113G were reference

T6

strains and have thus been reculinpted 17 the
laboratory for several years
The extracts of strams M3 MI12 and M
agglutinated both Ri-coated and HUN<oated cells
after mouse passage In contrast to the eyirats
obtained before the passages which were mactie
These strains were M negative after the prolonged
passages yel highly virulent for mce as compared
with the origimnal strains {2) Studses are sn protress
10 elucidate whether the agglutinating capacity €3
also be increased 1 this way in strains show g lod
activity or induced n other »negative strAns
Haylicek (8) found that alf of 38 fresh 1sofates from
an epidemic outbreak agglupnated SRBC #hl
only 38 of 175 collection strayns did so This pught
tndicate that the agglutinating capacity could be 1ot
during storage of the strains  However 1t refians
10 be clanfied whether some strams of certatn S
mught lack capacity o aggluninate anti Rh oduted
cells also when freshly isolated from chimica) soure>
or after mouse passages Hayheck (8) found 00
actrvity for SRBC amond 28 type 12 growb b
streptococer 13 of which were collection stramé and
15 freeze dried cultures On (hie otlter hand o
results might mdicate that (he capacity 1o ap#i
nate sensttized red blood celfs 1s snducible n 7% 1
and lack of thus charactensstic thus may not b 2
constant property of ths particular type
Only IsG protens were inhibitory i the fit¢
HAI systems tested Nerther the IgD nor three 16H
myeloma proteins were nhibitory n any of ¢
systems 1gA protemns have s far not been U
As nhibition was obtaifted by T fragmaenss o 10
but not by Fab fragments 1t 15 reasonable to assvm®
that the »anmtilg acuvity n the streP‘W'
enrnes 58 bene wth e 30 To seegtes o
streptococct 13} Furthermore Haheek (8) found
that the Fe part of rabbit IgG nhubited streptococd!
agglutinagion of SRBC
The Lancefield extracts of M15 T44 and M55
streptococc gave different aggluttnation pauer™
with red cells coated with KM and HUN ant RY
useful for detection of [gGl and [gG3 genht
marhkers respectnely  To further elucidate the
Testnchions 1 seactvty fac ugan immunoglob®
luns expressed for the different extracts the mhibt
tory effect of mycloma protetns on the hemasgv?
nation wis studied The reactivity of the extracts 17
HAI experiments varted from one streptococcal tyF¢
to another W ¢ therefore considered the possibiliy
that inhibition by a myeloma protetn in one syste™
but not another could be due to antistreptococsd
type spectfic anvbodies Test of a number of humaf!
sera with and without 1ype specific antibodies 07
the T28 strain 10 the T28/Rt H AT system showed
no correlation between mhibition and presence O
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ype-pecific antibodies However 1t 15 necessary

(\\r\ht;:f\u&\dam the possible influence of antibodies
1

M state of group A sueptocoess I Abstracts of
papers of the XVItn AR Umon Congress of
byl ind Ulianovsk

durected agamst other Y
before the outcome of HAI studies with normat sera
can be attrtbuted (o whibitean only by the Fe parts

The M15 aod 1130 exiracs wete simalat 1 the
sense that they agglulitated both KM and HUN
senszed cells However 1n HAT systems mvolving
the KM coat and [¢G3 myeloma proteins these
extracts behaved differently (Table 2) Including the
finding thal somne §3ITacts Were non reactive with
anu RY coated celts five dufferent affinimes for
fuman 1gGs could be sepistersd exemphified by
M3 (non reactne) M4 l{reactive with 1gGl coats
only) T44 (reactive with the 1gG3 coat only) and
MIS and 113G (reactne with coats of both these
subclasses but differng m HAI systems) The
restritted acuvity of the M15 extract was further
sllustrated by the finding that the four JgG3
myeloma groterns ynhibited the of the
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sheep red celfs Acta path mycrobsol seand Sect B8
§2 19-24 1974
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Lawde congugee propeutes electrophorengues £t

13G3 coated cells bW not of the 13G coated cells
(Table 2}

The five IgG) pratems belonging to GIm(f) or
Glm{4)all inhubited the five HAI systems tnvestiga
ted indicating that the iahibition was caused by 2
marker that 18 1sotype for the 1g01 subelass The
observations of Xromall (12) indicated differences
berween two 1gG3 myeloma sera in affinity for a
group A streptococcl strain. Allthe 1pG3 myeloma
proteins used i the present study were Gmf{5)
which renders «t less likely (hat these protemns
shoufd differ wth respect to genetic markers m the
Fo part It was also found that al} four 1863
myeioma proteins vasied 1n the same way m the
different WAL sysiems That differences wittin one
1gG subclass could be detected 1n HA{ systems
involving stregtococesl extracts was elucdated by
the differing betaviour of one of the three 1G4
myeloma prowns 1 she T28/R: system The
similanty n the hibimon patterns of the 1gGY
myeloma protens combined with the fesults
obtaified wuh the 1354 myeloma protens may
Indicate that some of the extracts have aflinty for
so-allotypic markers as our earlier expertments
have suggested (15}

————————
This work was Supported by the Suedsh 4%

od cal
Resecarch Councat projects oo B79 13X 05186 02 ::1
B 1ex 03210 )

REFERFNCES

\ Belfrage Samen 1 & Christemsen

? A smple
¥ood agar plate mediwm Tor demons o

stravon of the
n Al
el seand Sem B A3 355-334 pela

s 1977
Burve L A imierrelatons herween vinylence and

o

w

B

o

=

o

¢ un metange d¢ protemnes apph
catioh au serum sangum Bioam Biophys Acta 10
193194 1953

Havlicek J Occurrence of Fe reacting factor i acid
extracts of Streplococcus pyogenes and its relation
ship to M protein Expl Cel Brot 46 146-151
197¢

Hogo § H & Putnam F W The cleasage of
human y globulin by papain J Bio) Chem 254
122-135 1961

Johansson B G Agarose gel electrophoresis
Scand I Cln Lab lavest 29 Suppl 124 719
1972

foorsson R & Christensen P T 1yping of group A
sureptococst from chimeal specimens restricuon of
the number of implied M types 1n each T pattern by
tests Gor opanty fatior and miconnamde adeny'e
dinucleotde glycohydrotase Acta path mucrobiol
scand Sect B 85 235-237 1977

Kromal! G A surface component i group A C
and & streptococe: with non immune reactvaty for
lm;nunozlobulm(i 3 Immunol 11! 1401-1406
1973

Lowry O M Rosebrough N I fFarr 1 A &
Randall R J Protein measurement with the Fohn
phenolreagent § Biol Chem 193 265-275 1951
Waxted ¥ R Widdowson J P Fraser C 4 Y
Bait L & Bassen D C J Sireptococcal typing by
means of the serum opacity reaction In Haverkorn
4 J Streptococeal disease and the communaty
Exeerpta Medica Amsterdam American Eleevier
Publ Co New York 1974 pp 43-55

Schaten € Christensen P & Grubh R Lancefield
exiract of group A streptococar type 15 acts like an
ant human IgG wath restricted specificny  Acta
path microbiol scand Sect € 86 4143 (978
Heber H & Osborn Af The refiabiny of
molecular weght deterrminatons. by dodecyl sulfate

polyacrylannde gel electrophoresss 1
244 4506-3312 1969 1 Bl Coem






Acta path mucrobiol scand Sect. € 87 79-81 1979

BRIEF REPORT

QUANTITATION
BY

OF CTr CTs CT INACTIVATOR COMPLEXES
ELECTROIMMUNOASSAY
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Lawrell A B Mirensson, U & Spobolm A G Quanutation of CIr-CTs CT inacuvator complexes
by electrotmmunoassay Acta path mucrobiol scand Sect. C 87 79-81 1979

Tr-Cls-CT d pathological human sera Was
A method for meastning complezes of CTr-Cls-Cl JA m normat and pat
developed The electroimmuncassay was applied and benefit was derived from the antigenc 2nd
electrophoretic propertes of the known C1 Subcomponent complexes 1n sefum The concentratons of

CTt-ClsCT LA complexes of 20 notmal sera were determuted Storage of serum at foom (emperaiure
markedly increased the values over those obtawmed from frésh spectmens while freezing and thawing

did not influence the results

Key words C1 subcomponent complexes €1 actvauon Electroimmunoassay
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Acotpted as submutied 201 78 o
C1 subcomponent complexes composed of Cir CTs

and CT wnacuvator (CTr-CTsCT 1A compleres) or of

oA e \

. s

complexes conmmng G reacive proten and wath
proteolyuc enzymes such as CTr Clsand trypsin Mt was
enncluded ahat Cle CTeLT 14 complexes i seromr
signify activaion of CL (5 81

The present study concerns the of Cly

Reference serum Pooled normal serum was incubated
with heat aggregated 1gG at | mg per ml for 60 mmnutes
at37°C After mcubation all Cls anugen was present m
the Cir-CTs-CT IA complex as desected by crossed
immunoelectrophoresss (8) The serum treated With heat
aggregated 1gG was used as a reference for determina
uons of CTr CTs-CT 1A complexes by electrommmunoas
say

Parnally purified CTr CTs CT 14 complexes Euglobu
hn obtained by preciprauon ac pH 5§35 (3} was
fractionated on DEAE cellulose in phosphate buffer pH
74 Fracnons contning CTr CTs-CT fA compiexes as
vecopnszed by electroimmunoassay (8) were pooled and

CTsCT 1A complexes 1n human serum by electromemy
noassay

Matenials and Methods

Serum samples Blood speimens were obtaned from
Wapparently healthy 1ndividuals and from patients with
fheumatord arthnius chromc Vrucara relapsig pney
mococal osts media of terediary ango-edema
(HANE} The sera were frozen 1 aliquots a1 -80° C
within 4 hours after sampling

Heas aggrezoted J3G Commercial 1¢G (AB habt

Stockholm Swedentar 10 mgper mt pEL6 5 was heated
a1 63° C for 30 minutes

Further was obused by gel
filtration on Sephadex G200 Concentration of fractions
Was tarned oul by pressure dualysis (XN SO Amucon
BV OQosterhout/N B/ Holland)

Ditutions of the preparsion were used In the
electroimmupoassay for construcuon of a reference
curve covenng the desired range of CIr-CIs-CT IA
concentrations

_Monospecific annisera Rabbit anusera o Clr Cls apd
CT 1A were obtained as deseribed previously (5 10)

Ou_;:n!anon of CIr CTs €T 11 complexes
e leciommunoassay {9) was employed
0075 M barbual bulfer PHE6 wun Cap’ ‘yl\ 2“:1::5

.



per | The agarose gel was cast 1n (wo steps The cathodat
gel section contained anu Clr and the anodal gel a
muxture of anti Clr and antt Cls Holes were punched
nto the cathodal gel Undiluted normal and pathological
sera in 5 pl volumes were applied as also the reference
serum pool diluted %._nnd appropriate dilutions of
partially punfied Clr CTs CT IA preparatton (Fig D
Electrophoresis was carned out at 4 V per em for 20
hours Values were given as percentages of the CTr CTs
CT IA concentration 1n the reference serum which was
said to be 100 per cent

CIr CTs-CT 14 complexes in pathological sera §en
previously hnown 10 contaim increased amounts of €7
Cls Cl 1A complexes as esttmated by crossed immunge
lectrophoresis were selected for the study In accordamy
with the previous semiquantitaiye estimation (4 6} seny
from patients wuth rheumatoid arthrius chronic vrti
ra relapsing pncumococcal otiis media or hered tary
angio edema gave lugh Clir Cls C1 1A salues m pe
electroimmunoassay In some cases values about 50 per
cent of the reference serum were obtatned (Fig 1) Inone
patient with HANE samples obtained before and afer

Under the d used l Cl
(Clars) remained at the applicaon site and Clr Cls
complexes were precipitated n the cathodal gel section
containing antt Clr On the other hand CTr CTs CT [A
complexes were not retaned in the cathodal gel but
formed sharply out lined precipitates 1n the anodal gel
secuon contatning antt Clr and anu Cls (Fig 1)

macr

Results

CTr Ts €T 14 complcees e normal sera The
observed range of CTr CTs CT [A concentrations n 20
freshly thawed sera was 11-25 per cent with a mewn
value of 16 per cent On double determinattons the error
of the method was found to be | 4 per cent (SD)

Normal scra were tested afier storage at room
temperature for | 2 3 and 5 days and afier freezing and
thawing 3 umes After storage at room lemperature for 1
day CTr CTs CTIA values increased to about the double
of those found in freshly thawed sera On longer storage
increasing values were noted up (o about 50 per cent of
the reference serum Freezing and thawing up 1o 3 mes
did not influence the CTr CTs CT 1A values

I."

X

~Q0QQ0Q00 2
10 15

00
1 5

-

Fig 1 Electroimmunoassay of CTr LT CT IA comp
Jexes 1n normal and pathological sera Hotes 1_-3 n_ormal
sera 4-6 punfied preparaton of ClIr CIsCT 1A

undilmed b and |, referunce serum dituted ' 8-1§
1 | sera 89 r d arthris  10-11
:clapsmg acute  pneumococcal ontis medn 1213

chronic urticana  14-15 HANE on treatment with
Danazol (14) before treatment (15) Sera were analysed

undituted
a ant Cirn the gel
b antt Clr and ant Cls 0 the gel

80

with Danazol were compared This drug »
known to tncrease the serum levels of C1 1% i HANE
(2) Before treatment the Clr CTs CT IA value was 19
per cent and after treatment 24 per cent of the refereny
serum (Fig 1)

Discussion

Three species of Cl subcompenent complexes can i
1dentified 1n human sera by crossed immunociectroph
rests | the classical C1 complex of Clq Clrand Cls
which s active 1n immune hemolysis 2_a complex of
proenzyme Clr and Cls and 3 the CTr CTsClI I
complex 1n which activated Clr and Cls molecules bne
reacted with the CT IA (4 § 6 8) Differencs m
electrophoretic and antigeme properties of these comp-
lexes were utihized 1n the electrommunoassay (© allow
quantrative analysis of Clr CTs CT 1A complexes m
serum On agarose clectrophoresis n the presence of
Ca** CIr-Cls and CTr CTs CT A complexes mgrate
towards the anode whereas the classical CI complex
does not enter the ge! In the electroimmunodassay Cir
Cls complexes were preciputated tn a cathodal gel section
by anti Clr CTr CTs CT IA complexes did not precin
tate with anti Clr alone which appears to be related o
the previously described antigeme silence of CIr (L]
2

The combmnation of anu-Cls with ant Clr 1 the
anodal gel section was found to be necessary tn order to
obian wel) defined precipuates This 15 n accordane
with earlier studies by crossed immunoelectsophoress
1n which antt Cls alone gave a diffuse preciprate with
the CTr CTs CT 1A complex and the addition of antt Cir
resulicd in a sharply out hined precipiate when the
second electrophoretic step was performed 10 the
presenceof Ca * * (5 8) _

Combination of anu Cls with anu CT 14 m the
anodal gel was not suitable for the esumatton of Cir
CTs CT IA compleves due ta the excess of nane €11
present tn serum

Stngl radial immunodiffusion was used for deermi
nation of frec Cls i scrum (12 13) However th
method wull hardly dicrinunate between Clr Cls and
CTr CTs €T I\ complexes

The muestiguion showed a3 convderable incnase of
CTr CT+ CT [\ values 1n serum alrecdy after one day of
storage at room temperature Thus deerminations of
CTr CTs CT 1A complexes must be peeformed sn fresh
sera or i sera frozen at ~80° C after samphing

The method described may be useful for i wiro
studies of C1 actvation and for the assessment of C!
actnation 1n disease  As will be reported elewhere



studues of seral samples from patients with rheumatoid
arthriuis and acyte post streptococcal slom.:rulgncphnus
indicate that the concentrations of Cir Cls CT 14
complexes correlate wuh disease activity and dectease on
chinical improvement (I 11)

It 15 of interest that treatment with Danazol m a
patient with HANE gave increased amounts of Cir-Cls
CT 1A complexes 1 serum Further stud es are required
10 evaluate this findimg

This work was supported by grants from the Sw edish
Medical Research Council (B 78 16 00068) Riksforbun
det mot Reumatism Greta och Johan Kocks Suftelser and
Foreningen for Yanfora | Skine
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IN VITRO EFFECT OF R 17934,
A NEW DRUG WITH ANTITUBULIN ACTIVITY,
ON NEUTROPHIL GRANULOCYTE LOCOMOTION
AND ORIENTATION

N H VALERIUS

Suatens Department of Chpcal R 7806 and Dep of
Intectous Diseases M and Tissue Typing Laboratory Rigshosprales (State Universiy Hospral)
Copenhagen Denmark

Yalerus N H In witro effect of R 17934 2 new drug swih anuwbulin activity on newtrophil
granulocyte locomotion and Orientation Acta path mecrobiol scand Sect C, 87 83-89 19798

R 17934 1s a new syniheue anumcrotubule drug which binds to jubulm at the same site 25 does
zolchiciae The tateractiont of tus drug with human nevtroptul granulocyte locomotion and orieniation
was examined using 2 modified reversibfe Boyden chamber and a gradient chamber offering 2 direct
vistal assay of cell orientauon R 7934 at concentrations as low as § x 10~ M was found to snhibit

chemokimesis (o a0 equal degree 1o gradient chambers and tn Boyden chambers using checkerboard

eapenments tp wh ok ke ®
agent were vare
chambers  \Muct

ROULOphHls (0 0 wane ! lawieit COlamibees  {fuS (nduag may show that Glters form a more suitahle
substrate for oriented pseudopod formanen of microwbule-deficient cells than do glass or plastic shdes
In conclusion this study has provided evidence thar i the akcomma €

aans s @ JeoEmton sigmal into locomoton The previous
finding that eolchucsne also had thes effect supports the hypothesis (hat this process may be

microtubule-dependent

Rey words Teukocyte

neutrophl R 17934

ts“ Valerus Medica) Oneolagy Unit Massachusetts General Hosptal Boston Massachusetts 02114
N

Revenved 17401 78 \ccepred 21 x 78

Much evidence now ports towasds a fole of
eytoplasmic  mucrotubules tn the regulation of
feukocvte locomation (2) This evidence was prima-
nly dersned from (he findines afn mrae

that mcrotubules re-orient themsetves within cells
exposed 1o veversing gradients of cytotavns (10)
hate the bt that 2

smporiant for the abiity of leukocytes to mugrate
directiorally towards the source of 4 concentraton
gradient of chemotacue factors 1e chemoraus
Howerer, the demonstration that cylotauns alse
iduce aa tncreased nondirectional tuigeation of
leukocyles a the absense of 3 concentranon
gradient se chemokinests (9 16, 19) fas made [
pertnent to include a distincrion petween chemo-

%)



taxis and chemokinesis when examining leukocyte
locomotion This distinction can be made using the
Boyden technigue in checkerboard assays {17 19)
n which the ation of the ch actant 1s
varied above and below the filters in a series of tests
Indeed, 1t has been shown 1n such a study (15) that
colchicine snhituted chemokenests rather than che
motaxis

Oncodazole (R 17934 Methyl (5 (2-thienylcarbo-
nyl)-1H benzmimadazol 2 yI) carbamate  Janssen
Pharma) 1s 2 new microtubule inhibitor (6) which
imterferes with the binding site of colchicine on
tubulin and wiich has been shown to affect
microtubule function 11 human polymorphonuclear
Jeukocytes (PMN) (1)

The purpose of the present study is to further
delineate the possible role of microtubules in

of chambers was used m which the varyng concenta
tions of the chemoattractant were placed either abore i
fifter below the filter or in both compariments Exchsa
of triplicates thus differed from all others with respectlo
the absolute concentration of the attractant the conx
tration gradient or both Details of the concentranons
used appear 1n Table |

Cell suspensions contaimng 2 x 108 PVIN per mil
GBSS without albumin were jncubated with R 17934
(generously supplied by Janssen Pharma Copenhagen
Denmark} at varying concentrauons as indicated for 60
min at 37° C After this tncubanion the cell suspensions
were diluted with equal volumes of GBSS contaming
4% human albumin before being tested for leukotadtc
activity in the contintted presence of R 17934 at half the
mtial concentration In the expertments using cells pre
tcubated with etther BCF diluted 13 with GBSS or
with GBSS pre incubation was petformed for 30 mn 2t
37° ¢ After this the cells were washed twice 11 G888

Ieukocyte locomotion and or by e

the effect of R 17934 on these functions PMN
chemotaxis chemokmesis and spontaneous mott
Ity were determined using a modified reversible
Boyden chamber 1n checkerboard assays The ability
of PMN to orient was examined with a technique
recently ntroduced (18) which allows phase
microscoptc observations of cells exposed to con
trolled gradients of chemotactic factors

MATERIALS AND METHODS

Chemotaxis and Chemokinesis Assays

The PMN chemotactic actvity was determined i a
modified reversible Boyden chamber as previously
deseribed (14) Briefly leukocytes from healthy donors
were suspended 1n Gey s balanced salt solution (GBSS)
Red cells were removed by dextran sedsmentation and

¥P lysts and the of PMN correcied

to | % 106 per ml The chemotactic agent used wag a
culture filtrate of £ colt (BCF) dituted | 3 with GBSS 1f
not otherwise stated In the upper compartment of the
Boyden chamber § x 105 PMN were placed separated
from the chemotactic agent by a filter with a pore size of
3 microns (Sartorius Gottingen Germany) The cham
bers were incubated for 2 4 hat 37°C

After 2 h of the incubation period the chambers were
wurned upside down to prevent detachment of the cells
(rom the fower surface of the filter The filters were fixed
and stained with and then dehydrated
and cleared 10 xylene The cells which had nugrated
completely through the filters and were lying on the
atractant sucfaces were Counted using an automayc
umage analysis system (Classimat Lenz  Wetzlar
Germany) The chemotactic acuvity was expressed as the
mean number of cells per screen field a1 10 x 0
magmfication Al experiments were performed 1n
irphicate and the median value used 1n reporting the

results .
The between and

was studied using the checkerboard assay first described

by Zigmond & Hirsch (19) In these expertments a series

84

before with R 17934 All evpeniments
included control samples ncubated without R 17934

Orientation Assays

The gradient chamber was made as described b
Zigmond (18) (Molytex Redoyre Denmark) Teo
parallel grooves | mm deep and 4 mm wide were ol
mm apart across an acryl plasticsiide 26 mm X 76 mm
> 3mm A 24 mm X 32 mm glass coser shp was held
trghtly down to the acryl plastic slide by two small bull
dog clamps (Myers & Sons Ltd Oldbury Birmunghett
England) Before use the cover shps and the acryl plaste
slides were carefully cleancd with ethanol 70 b and2 ¢
dried The gradient chambers were assembled ¥
inverting a cover shp with cells attached across its ceat
region onto the plexiglass shide allowing the cells to It
on the bridge between the two grooves After fiung he
cover ship to the plast shide with the bull dog clemps ot
groove was filled with GBSS coptamnmg 17 pelatit

(Merck Darmstadt Germany) The opposite well %36
- v~ o on (N formy]

Co S
[0 M

GBSS contaimng | % gelaune The chambers Weit
wncubated for 30 min 10 a moist chamber at foom
temperature before readng

Celis Pure (mofe than 99% ) PMN suspensions wefe
prepared from heparinized venous blood rom 8 heahhy
donors by centnfugauon on Lymphoprep (Sodum
metrizoate Ficall Nyegaard & Co  Oslo Norssy!
followed by dextran sedimentation of the red cells 28
described by Bevum (4) The remamung erythiocy'ss
were removed by hypotomc iysis The PN were
pended in GBSS at a of 4 x 105PWN
per mi Incubations with Variaus concentrations of R
17934 were performed as described above

Scorng of cell polars altn and orntanon The cells
Iying on the bridge were observed with a 10 > 40 pha
contrast microscope  Polarization of the cells #3$
1ndicated by the presence of a broad anterior Yameil po-
dium and a posterior knob Itke tail The cells were scored
as oniented either towards Of away from or perpendicy




lar o th gradient of the ch
" n each chamber at least 100 polanzed cells Were scored
= T qumber of cells which showed no polarization alier
" the incubation period was ako determuned The results
5 wtte expressed as the number of cells onented sowasds
the source of the gradient X 100 divided by the total
number of polarized cetls The number of not polarized
! cells was expressed as a percentage of the total number of
> cells counted All esperiments were done n duphicate
" and the results represent the mean The reading was done
1 blndly

Viabiin
This was assured by the trypan blue exclusion test

4 Swunsnes
+ Maon Wintney rank sum vest. Friedman test

RESULTS

It will be seen from Fig | that preincubation of
PMN with varying concentrations of R 17934
results 1 a dose-dependent mhibition of their
levkotactic response Thus inhibition was sigmificant
at concentrations down to 5 X 106 M At lower
concentrauons of R 17934 thers was no significant
difference betwcen the activity of cells premcubared
with R 17934 and control cells It can akso be seen

curves are nearly iensca)

The offect of R 17934 op chemotaus and
chemokinests tnduced by BCF can be seen from
Table 1 In these experiments the Cells were allow et
ta migrale through the filter from lower to higher
concentrations of BCF {posiuve concentratson Brad:
erust and from higher to lower concentrations of
BCF tnegatve gradients) Cells were also allowed to
migraie in the absence of 3 concentration gradient
1¢ With equal concentrations of BCF on hogh sides
of the filter The ¢chemakinetic acty ity {the acyyyry
abserved in the absence of a concentyation gradient)
wcreased for both R 17934 treated cells and
unureated cells as the concentration of BCF was

wncreased flowever this increase W,
0 (Pllc tewarad o 1 7 swma a5 much k:‘»fr

s 2v wlettiore inhibited chemokinesis a
higher <oncentrations
“The concentration gradient across the filter was
posine abave the diagonals from upper Joiy e
s and negative below Thuys
towards the source of gy
gradient 15 wndicated by higher Gigures above than
below these diagonaly The 1nfluence of the concery

the

tration gradient at various absolute concentralions
of BCF 1s Seen along the lmes parallel to the
dragonals from fower left to ugper right Along
thes Lines the concentration gradsent reversed from
being negatve to posiive while the absolute
concentration of BCF was kept constant In 20}
expenments using untreated cells the Jenkouwane
actvty increased along these lines ndicating a
chemotactic activity The resufts of mcubation with
R 17934 at a concentration of 10-6 M (Table 1)
were not different from those of the simultaneous
control experiments While the activiy of cefis
ncubated with R 17934 a1 2 concentration of § X
10-¢ M (Table [ B) was generally fower than that of
the controf cefls as a result of inhibited chemokine
si5. the proportional tncrease 1 the activity along
e L s

tha T ane fomm 1a - -

k]

3
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3

&

3

PP G SHT 0% 5130 oy goas
MOLAR CONCENTRATION OF o 1293
fig 1 Effect of R 37934 an the I
eukotacte acty r
PMN pre incubated with gither BCF ¢ ol
dy
erles) or Gey s salutron f ey e

SEM of § expenments



TABLE | Effect of Varying the Conccntranon Gradient and the Absolute Concentration of @ Bacrersal Chomorac
Factor (BCF) ont the Locomoror Response of Human Newtrophil Granulocy tes Pre incubated wuh ether Gey s Solyt
{GBSS) or R 17934 at Varying Concentrations Jor 60 M at 37° C The Results are the Means of Two Experime:

Congentration of BCF (%)
i Attractant Compartment

Concentration of BCF (%}
n Attractant Compartment

0 2 0 3 ] 12 20 n
Concentration 0 1 2 S 1 1222 4 112

A of BCF(%) 12 17 19 9 23 R 17934 10 19 39 9 GBS
n Cell 20 10 15 15 2 105M 12 36 69 84
Compartment 32 21 15 22 28 12 35 55 18
Concentration 0 § 28 44 388 10 68 97 162

B of BCF(X) 12 7 19 32 8 R 17934 20 60 90 131 GBSS
1n Cell 20 10 200 39 72 5x10-M 16 373 14
Compartment 32 12 21 32 68 14 48 75 105
Concentration 0 10 62 216 274 13 147 218 218

c of BCF(1) 12 24 85 160 252 R 17934 25 116 137 227 GBSS
m Celi 20 23134 139 264 10-6 M 25 121 175 213
Compartment 32 27 136 179 27 24 91 135 169

and react with directional locomotion towards a
concentration gradient However at the highest
concentrations of R 17934 tested (10 5 M Table
1 A) also the chemotactic actvity seemed to be
mhibited  since there was no or only a shght
increase in the activity along these lines

Y ORIENTATION

80
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|
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<0

0% 500° 105 5x107 107 507 0
MOLAR CONCENTRATION OF R 17934
<002 <002 <OD2 <Q05 <005 >010

LEVEL OF SIGNIFICANCE
Fig 2 Number of cells oriented towards the source of a
concentraton gradient of N formyl methionyl phenyl
atanine in percent of the total number of polanized cells at
vanous concentrations of R 17934 Results of 8

experiments Statistics Mann Whitney rank sum test
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The difference m the actwviey of the caateol >
was due to day to day variations possibly 2§ the
result of vanations of filter quahty within the sam¢
batch
Fig 2 shows the effect of premncubation with R

17934 on the ability of PMN to orent 12
concentration gradient of N formyl methsony! phe
nylalanine (NFMP) In the entwre concentrauod
range of R 17934 tested (10 SM =5 x 1054
more cells were onented towards the source of th¢
concentration gradient than away from I o
perpendicular to 1t However the percentage of s
which had oriented towards the chemotactc fctof
decreased with increasing concentrations of R
17934 and was significantly reduced when compd
red to untreated cells (p <005 Mann Vhiney
rank sum test) at concentrations as low as 107 {‘
Ths effect could be shown to be dose-correlated @
<005 when the results of untreated cells %€/
excluded and <001 when they were meludd
Friedman test) This observation shows that kb
cytes can orient i a chemical gradient “htn{
microtubules are disrupted However their Jevel o
ortentation 1s significantly decreased

Fig 3 shows the number of not polarized cells 25
2 percentage of the total number of observed 06”;
after mcubation with various concentrations of
17934 The percentage of not polanzed cells ““z
sigmificantly hugher (p <0 02 Mann ¥y hutney mr)\<
sum test) 1n samples mcubated 1 10 3 M or 3
10 M R 17934 than 1 control samples Th¢



/ NOT POLARIZED CELLS

“ 60|

BY st 0 50T 107 Sag*

MOLAR CONCENTRATION OF RI7S3¢
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LEVEL OF SIGNFICANCE.
Fgp 3 Number of cells showing no polsrization in
percent af the total pumber of cells tn the presence of a
concentration gradient of N formyl methonyl pheny!
alan ne 3 vanious concentrations of R 17934 Median

and range of 8 expenments Staustics Mann Whitney
rank sum test

number of not polarized cells at these concentra
tions of R 17934 was sumdar to the number of not
polanizing cells found when only buffer solution
was added Lo the wells {not shown here) This

indicates that 1n addition to impainng cell orienta
UON tOWATAS & rhamatare T oo ~ mnsa

Lrypan blue exclusion test showed more than
95% dycexciuding colls ap alt samples after
b: with various of R

17934

DISCUSSION

R 17934 s a spectfic antuubulin which interferes
with microwbule function by inhibiting tububin
mto normal After

activity was examined 1n the presence of an
aptitubulin at half the concentrations at which the
celis had been pramcubated This procedure dimt
nishes the effect of a more reversibly binding agent
Tne effect of R 17934 on leukocyte locomotion has
not previously been reported however the finding
that this anttububin mhsbits leukotaxis supporls
numerous previous reports (3 5 12) showing that
bl

are efficient of

Y

locomotion

The finding that premcubation with BCF does
not tender the cells more susceptible to R 17934
confirms the result of a similar previous study on
the of with focomo-
uon (15} Since exgosure of PMN to chemotactic
factors has been found to duce microtubule
formation {7) 1t was speculated that the action of
antitubulins might be reduced by pre treatment
with chemotactic factors The failure to demonstrate
s may be the result of the very dynamic state of
mucrotubule assembly and break down which
continuously liberates tubulin to be bound by
antitubulins (13) Indeed f locomotion self
depends on the equilibrium between tubulin mono-
mers and polymers premncubation with chemotactic
factors could not be expected to have apy such
effect

1t has previously been found that demecolcme an
active derivattve of colchucine inhibited the migra
tion of PMN towards casein in Boyden chambers
but affected the velocity of PMN moving randomly
on a glass shde to 2 much lesser extent {3} This
observation led to the concept of microtubules as
mportant ford cell
{2) However 1t was subsequemly demonstrated
that leukocyles show enhanced non-directional
migration when exposed to chemotactic agents not
forming a concentrauon gradient (19) This type of
stmulated locomotion has recently been termed
chemokinesss (9) as distnet from chemotaxs which
15 the directional sumulated locomoon towards she
source of a concentration. sgadient, Thite, -
factic response observed using the conventional
Boyden techugue results from the jotnt effects of

treatment of various cell Lines with R 17934 at

concentrations of 105 M and § x 10+ M
P! were dissol

ved witun 20 min as judged from electron

mcroscopy (6) R 17934 arte by ® a

atthes - .

bindin e ..

This lawe wy acoount for the finding that the

1ahibitory action of R 17932 an DA &

actnvity . e

. -

and Infub of the
activity may therefore be due to inhibition of either
or both types of locomotron The checkerboard
assay by Zigmond & Hursch (19} 1s believed to
provide the best means available at present to
dusumgush from
¢ data shown in Table | demonstrating

17934 has a strong whibitory effect on chegm:::n:{
SIS ATE CONSYSIANt u h o - .

09



TABLE 1 Effect of Yarymg the Concentration Gradicnt and the Absolute Concentration of a Bacterial Ch moa,

Factor (BCF)on the L 3 Resy of Human Ne

phil Granulocy tes Pre incubated with ether Goy s Soly

(GBSS) or R 17934 at Varying, Conccntrations for 60 Min at 37° C The Results are the Means of Tuo Exper

Concentration of BCF (%)
1n Attractant Compartment

Concentration of BCF (%)
1n Attractant Compartment

Concentration 0 7 8 24 2
A of BCF(%) 12 17 19 19 23
in Cell 20 10 15 15 23
Compartment 32 2l s 22 28

Concentration 0 5 28 44 88
of BCF(Y) 12 7 19 32 8
in Cell 20 10 20 39 72
Compartment 32 12 21 32 68

Concentration 0 e 62 216 274
c of BCF(Y) 12 24 85 160 252
in Celt 20 23134 139 264
Compartment 32 27 136 179 237

R 17934 015 3% 9
10 5M 12 3% e s O

10 68 97 162

R 17934 20 60 90 131

5x10 6M 16 3 1 4 GBS
i4 48 75 105

13147 218 218
R 17934 25 116 131 227 55
10 6M 25 121 175 213 GB
24 91 135 169

and react with directional locomoton towards a
concentration gradient However at the highest
concentrations of R 17934 tested (10 5 M Table
1 A) also the chemotactic acuvity seemed to be
mhibited since there was no or only a slight
ncrease in the activity along these hnes
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LEVEL OF SIGNIFICANCE
Fig 2 Number of cells ortented towards the source of a
concentration gradient of N formyl methionyl phenyl
alan ne 1n percent of the total number of polartzed cells at
various concentrations of R 17934 Results of 8

experiments Statistics Mann W hitney rank sum test
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The difference 1n the actity of the control ¢
was due to day to day variations possibly 25
result of variations of filter quality within the s
batch
Fig 2 shows the effect of preincubation witl

17934 on the abiity of PMN (o onent U
concentration gradient of N formyl methiony! §
nylalanine (NFMP) In the enure conocmr:‘
range of R 17934 tested (10 SM =5 X 10
more cells were orented towards the source of
concentrstion gradient than away from 1t
perpendicular to it However the percentage of ¢
which had oriented towards the chemotaclic fai
decreased with inCreasing concentrattons of
17934 and was sigmficantly reduced W hen com
red 1o untreated cells (p <005 Mann \\h\;
rank sum test} at concentrations as low 3 10
This effect could be shown to be dase-correlaie
<005 when the results of untreated cells %
excluded and <001 when they were mgcluc
Friedman test) This observation shows that Jev
cytes can orient in a chemical gradient
microtubules are disrupted However their leve
orientatron 1s significantly decreased

Fig 3 shows the number of not polarized cells
a percentage of the total number of observed a‘
after incubation with various concentrations o
17934 The percentage of not polarized cells ¥
sigmficantly higher (p <002 Mann W hitney &
sum test) 1n samples incubated 1n 10 3 M o2
10 M R 17934 than 1n control samples !



. NOT POLARIZED CELLS

0% se0% 1% Sdo? 107 s b
MOLAR CONCENTRATION OF R 1731
<m @z 501 00 >00 0%
LEVEL OF SIGNFICANCE
Fig 3 Number of ctlls showing no polarnaiion
percent of the total number of cells 10 the presence of 2
concentration gradient of N formyl methionyl phenyl
alampe at various concentrations of R 17934 Median
and range of B expeaments Staustcs Mann W butaey
rank sum test

number of not polarized cells at these concentra
tons of R 17934 was simular to the number of not-
polarzing cells found when only buffer solution
was added 1o the wells {not shown here} This

indicates that 10 addition to smpairing cell orienta-
uon towards a chamatam ~F ~ - n =~

11ypan blue exclusion test showed more than
95% dye-excluding cells 1 all samples after
b of R

with vanous
17934

DISCUSSION

R 17934 15 a speaific anttubulin, which wmierferes
with microtubule function by mhbitng tubulin
mto normal After

actvity was examined in the presence of an
lin at half the at which the
cells had been premcubated This procedure dimi-
ushes the effect of 3 more reversibly binding agent
The effect of R 17934 on leukocyte locomotion has
not previously been reported, however, the finding
that this anttububn shibus leukotaxis supports
numerous previous reponis (3, §, 12) showing that
anttubulins are efficient mhibitors of leukocyte
locomotion
The finding that premncubation with BCF does
not render the cells more susceptible 1o R 17934
confirms the result of a symilar previous study on
the of colch with focomo-
uon (15) Since exposure of PMN to chemotactic
factors has been found to induce microtubule
formation (7} 1t was speculated that the action of
antubulins mught be reduced by pre-treatment
with chemotactc factars The falure to demonstrate
this may be the result of the very dynamic state of
microtubule assembly and break down. which
contnuously liberates tubulin to be bound by
anttubulins (13} Indeed, 1f focomouon wsell
P [ B

anand o .

effect

Tt has previously been found that demecolcine an
actve denvative of colchicine inhubited the migra
tion of PAN towards casemn in Boyden thambers
but affected the veloaty of PMN moving randomly
on a glass shde to a much lesser extent (3} This
observation Jed 10 1he concept of mucrotubules as
important for ¢ 1 cell |
(2) However, 1t was subsequently demonstrated
that feukocytes show enhanced non-directional
mugration when exposed to chemotacuc agents pot
formung a concentration gradient (£9) This type of
stmulated locomotion has recently been termed

Fharanl mae = fOV

wait lesponse observed using the conventional
Boyden techruque results from the jomnt effects of
" 1

treatment of various cell Lines with R 17934 2y
concentrations of 10-5 M and § x 10— Af

were dissol
ved witin 20 min as judged from electron
mcroscopy (6) R 17934 2cts by binding 1o tubulin
at the same syte as does colchucine (6) However, its
bmding seems less tight than that of colchicine (8)

This fact may account for the finding that the
INUMLEY act An F B 17034 -~

acuvitynr .
colchicine -

and ch hib of the
atuwiy may therefore be due to inhubimon of either
or both types of Jocomouon The checkerboard
assay by Zigmond & Hirsch (19) 1s believed 10
Exuvude the 1351 means available at present to

from n»

Trs 2

Q7



at higher concentrations (10 S M) The discrepancy
between this finding and the previously reported
effect of colchicine 15 Iikely to be due to the fact that
colchicine was not tested in checkerboard assays at
such high concentrationis It 1S possible however
that some of the observed phenomena may have
been due to non specific effects of higher concentra
tions of R 17934 other than on microtubules These
high concentrations of R 17934 did not affect PMN
viability as judged from the results of trypan blue
exclusion test

The ntroduction of a gradient chamber (18)
which offers a wvsual determnation of PMN
behaviour 1 a controlled concentration gradient
appears to be an improvement of preyviously
available methods which depend on diffusion of
soluble agents from a sold source 1e a clump of
microorganisms and result 1n an unstable gradient
Using such a chamber colchicine was found sot to
affect stgnuficantly the ability of PMN to onent 1n
response to a concentration gradient of N formyl
methionyl leucyl phenylalanine (18} It was not
reported whether colchicine affected the number of
PMN showing polarization

The results of the present study shown in Fig 2
indicate that while neutrophtls can orient towards a
concentration gradient after treatment with an anti
tubuhin such as R 17934 they do so less accurately

that colchicine treated cells showed directionl
nugration towards spores of C afbicans but that
they showed wider angles of turn than untresied
cells so that they moved towards the source of the
gradient 1 more 1rregular paths

The gradient chamber can assess the proportion
of cells showing no polarization unhhe other
current visual methods which use cinemicrography
only to measure the velocity (3) the distance of
migration (12} or the angles of turn (1) of the cells
Less than 20% of the untreated cells remained un
polarized on exposure to a chemotactc gradient
Premcubation with R 17934 at concentrations of
10 SMand 5 x 10-¢ M sigmficantly increased tis
number to a median of about 40% This figure s
close to that observed when incubaung the cells 1t
the gradient chamber 10 the absence of chemolacit
factors 1e with buffer solution in both wells Ths
finding suggests that R 17934 at these concentrd
tions blocks the ability of the cells to respond wih
locomotion to a chemotactic signal The finding 181
close agreement w ith the results of the checkerboard
assays showing that R 17934 at these concentrd
tions tnhibits chemokinesis Thus in comrast 1
chemotaxis chemokinests seems to be equall)
infubited by R 17934 1n glass shide and fitter assays

In conclusion this study has provided furthef
evidence that microtubules are 1nvolved 1wl

Thus effect of R 17934 was ficant at a

loc by showing that R 17934 a new drug

tions as low as 10-7 M afthough numercal
differences were rather small This finding 1s
consistent with the results of the checherboard assay
shown in Table 1A The fact that this inhibition of
directional locometion could be disclosed at a much
lower concentration 1n the direct visual assay than
mn the filer assay may be due io the different
parameters which they measure The direct visual
assay measures cell onigntation which requires only
enough motihty for the cell to polarize in one
direction while the filter assay depends on directio
nal locomotion of the cells through the filler How
ever 1t has recently been suggested (10) that the
formation of pseudopods in colchicine treated neu
trophils depends on a suitable surface to which the
celis may adhere In the absence of functioning
microtubules filter surfaces may offer a substitute
exosheleton onto which cells can adhere and onient
Nuroceliulose filters and glass or plast shdes
provide different conditions for substrate adhesion
and may i this way wnfluence the elfect of
on cell This observation
dlustrates the need for employing different assay

systems when interpreting leukocyte Jocomotion
= with the

' inson (1)
reported

il

£33

with antitubulin activity inhibits both chemotat:s
and chemokinesis The mhibition of chemotavs w8
more pronounced in a direct visual assay thap 10
filter assays suggestng thal filiers offer & ot
suttable substrate for oriented pseudopod formation
than do glass or plastic shides The infubition 0
chemokinesis was equal i filter and durect yisual
assays It s proposed that R 17934 mterferes wi
the a b signal fo
focomotion The previous finding that colchiciné
also inhibited chemokinests supports the hypothests
that this process may be microtubule-dependent
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PURIFICATION AND CHARACTERIZATION OF RABBIT
ANTI-MOUSE RENIN SPECIFIC Fab FRAGMENTS

STIG LYKMEGARD

Department of Biochemustry A University of Copenh: panum Insutute Blegd:
Copenhagen ™ Denmatk

3¢ Db 2200

Lykkegird S Purification 2nd charactenzation of rabbut ann mouse renin speafic Fab fragments Acta
path microbiol scand Sect. C 87 91-97 1979

Anubodies rarsed against pure renmn from the submaxiftary gland of mice were used to ohtain renin
specific Fab fragments The punficauon Sieps were DEAE-chromatography followed by papain
digestion with separation of the undsgested IgG preparation from the Fab/Fe fragments on a Sephadey
G 100 column Finally the Fab fragments were Subjected to affimty chromatography on a CcH
Sepharose 4B column % ith submavdlary remin aitached The punified Fab fragments revealed only a
sngle band 10 SDS poly el and a single kine tn cross
immunoelectrophoresis The assoctation constants for the reacton of remn with the purified Fab
fragments compared to the divalent anubodies were of the same magnitude 0 7x 1011 I/mot and
10X 101 1/mol respectnely Comparison of \he affiny of the Fab fragmems for the antigemc
determinants and the enzymauc nhibiton of remn Were delermined 10 be approximately the same
Thus the pure specfic immunoreactive Fab fragment of snuremn with an inhibitor conswnt of

15%10 11 v the most potent inhibitor of mouse remn so far

hey words Fab fragments remin specific anu mause anubodies punficaion characterization

S Lykkegied Department of

'y A Unnersity of Ca h:

3¢ DK 2200 Copenhagen N Denmark

Recerved 13 v 78 Accepled 4 x 78

The periodical iterest in antirentn (22 23 and 7)
and the possibility of using 1t to reveal the role of
Tenin 1n renal hypertension and the physiological
fole of renin has been more auracuve after the
punfication to homogeneity of renn from the
;x‘n:;xse submaxilary gland (2) and the hog kidney

The problems by using antibodies raised against
impure renin and the of the results

Panum Institute Blegdamsvey

MATERIALS AND METHODS

Purificat on of Submaxillary Mouse Ren n
The punficauon of remn from the submatifary

Hactionation followed by $ steps of column chromatog
Taphy on Sephades G 100 diethylamin cellulose car

obtaired by the use of such sera have been
repeatedly discussed (23)

The aum of the present study was to purify the
antbody and espectally its active Fab fragments
elated against pure submaxifary mouse temn

to d the Fab fi

affinuty to remn and s nhibitory effect on the
cualyte activity of remun

cellulose agam cellulose
foltowed by carboxymethy] cellulose A few migor
modifications as described by Mall ng & Poulsen {13}

were used Rerun was measured by antibody trapping of
angrotensin T (21)

Antisera
Four rabbus were njected tntradermally ar mulupte

spots with 0 25 mg submaxiltary renn
pooled fractions
Tand (10 0 5 my physiclogical saline) emulsified ”n

al






of an approprate difution of rabbit remn specific
antibodies or Fab fragments To ths mutore was added
1000 pl labelled submanilary gland seman contaning 35

| pg 4000 cpm and an zppropriate small amount of
rabbit plasma used as carmer 1gG The mitture was
ancubated at 4°C for 96 h At the end of the sncubation
100 pl of an spproprate diluton of hog ant rabbit
gammaglobulin (light and heavy chams) DAKO was
2dded 2nd the mncubation was corunued at 4°C for
addinonal 43 h Two ml of 50 m\ phosphate buffer pH
74 were added to the tubes followed by centrifugation
at 3000 X g far 30 rawn The supernatant except for 200
pt contaiming the precipitate was removed by suction
The precipitate was further washed twice followed by
centrifugation and removal of the supernatant Finalty
1he rad cactivity in the precipitate w2s counted

Immunoelecirophorests

Immunoelectrophorests w2s performed on | $% agar
shides according to Grabar (6) Double immunodiffusion
for 72 h at 4°C was performed with Ouchierlony s
techmque 1 5% agar (6 19) Crossed

Protein Concensration
The concentration of protein was calcutated using
extncuon coefficients at 280 nm

1%
Elcm

of 135 and 150 for the intact anubody and the Fab
fragments respectrvely (9)

RESULTS

Purification of Renin Specific Fab Fragments

The punficauon of rentn specific Fab fragments
were carned out with special emphasis to avoid Fe
fragments and undigested anubodies

The IgG fraction contaming specific antibodies
was 1solated from sera of the immunized rabbits on
a DEAE<olumn (8) The punfication step was
follow ed by immunoelectrophoresis with polyspec
fic hog antiserum agamst rabbit serum proteins

. :ropnorms was performed according 1o Axefsen ¢f af
1)

SDS pobsacrytam de Gel Etectrophorssis
ene .

showed only a single
precipitation line corresponding to the mobility of
1¢G The gelfiltration of a papain digest of 1gG on
Sephadex G 100 s shown 1 Fig 1 Two peaks
appeared a small one corresponding to the position
of undigested antibodies (mol wt 150 000) (8) The
main peak contained Fab and Fe fragments (mol wt

£
H
2 2
& o8 =
¥ !
‘.
a
<

02

vy <« Fab/Fc fragments

ELUATE

tm1)

Fig } Gelfitrauon of a Papain digest of IgG on Sephadex G 100



05 ml of Freunds complete adjuvant The 1njections
were repeated each month High ture antibodies were
obtamned after 8 weeks from 3 out of 4 rabbits A
quantty of 25 m! blood could be drawn from the ear
vein every 3 weeks The plasma (EDTA) was stored at —
20°C

Purification of Rabbit IgG on DEAE Cellulose
DEAE celiulose  DE 52 (Sigma) preswollen was
equilibrated 1n 10 mM phosphate buffer pH 8 0 Plasma
{10 m!) from the immunized rabbits was dialyzed 18 h
against the starting buffer and applied to 2 1 5x 20 cm
column of DEAE cellulose and eluted with the starting
buffer
The first eJuted peak of 60 ml containing rabbit 15G
d b 'y renn specific antib (8) was

acetate buller pH 4 0 contatnng 1 M NaCl alterna g
with 01 M Tris buffer pH 8§ 0 contuning 1 M Ny
Fnally the resin was washed with 20 m\M phospha
buffer pH 72 contaiing 0 5% human afbumm any
003% azde A column of submavillary semn CH
Sepharose 4B (0 5% 3 0 cm) was packed and equibn
ted with 20 mM phosphate buffer pH 72 contanyg
05% human albumin and 003% azde In order by
prepare a control column two mg of purifed huran
albumin (Behringwerke A G ) was used as a hgand The
procedure was evactly the same as that for coupl ng of
submaxillary renm A column of the same size ad
equilibrated with the same buffer was used

The Fab and Fc contatning peak from the Sephadet
G 100 column was appleed to the affimty columa Afer

1 the column was washed extensnely with *0

pooled and ultrafiltrated (Millipore) to an appropriate
volume 2-3 ml

Papain Digestion of Rabbit IsG

The ultrafiltrated gammaglobulin fractton was expo
sed to digestion with papain according to the method of
Nisorioff (16) 1n a reaction mixture contaiming 2 m\
EDTA and 10 mM cysteine 1n 0 ) M phosphate buffer
pH 74 Papain (Mercunipapain Sigma) containing 25
mg/ml was added dropwise while shaking the reaction
muxture The amount of papain added was based on that
of globulin the ratio used was 1/100 (w/w)

After 3 h of digestion at 37°C the mixture was placed
1 an 1ce water bath and 10doacetic acid freshly dissolved
m 0 1 M Na;HPO4 was added to a final concentration of
15 mM After 2 h at 0°C the solution was dialyzed
overnight agamnst 20 mM phosphate buffer pH 7 2 at
4°C

In order to separate cleaved 1gG from uncleaved the
muxture was subjected to get filtration on Sephadex
G100 (05% 100 cm) equitbrated with 20 mM
phosphate buffer pH 7 2 and standardized with porcine
IsG (Nat Biock Corp Cleveland) The absorbance of
each fraction was determuned at 280 nm The first peak

mM phosphate buffer pH 72 followed by the sime
buffer containtng 1 ¢ M NaCl The column ®as turred
upside down so that the elution of Fab fragments from
the affiity column was performed m the opposte
direction to the sample application with 20 m\f curse
buffer pH 30 The elution profile was followed by
absorbance at 280 nm and the inhibatory capacity of Fab
fragments

Deternynation of the Infubitory Capacity of Fab Frag
ments

In order to measure the Fab fragments inhibiton of
renins enzymatic activity the radioimmunoassay mea
surmng renm by antibody trapping of the angioientn |
formed was used (21} At 4°C 10p! of pure submat!
lary renn contaning 125-1000 pg was mived sith 10
pl of an P dilution of Fab i moM
phosphate buffer pH 7 2 or as a control 10 @ 01\
phosphate buffer pH 7 2 and stored for 24 hat £Cn
arder to approach equiltbrium (11) At the end of the
incubation rat renin substrate and angiotensin 1 a0 -
dies (21) were added and the mixture was incubted at
37°C for ¥ ) b depending on the remn concentrat on
To this mixture was at 4°C added 1000 pi labelled
about 4000 cpm The mivture

contaming IgG eluted from this column was

was for 18 b at 4°C The separation of fre¢ and

and 1o the second peak Faband Fc
was added 05% human albumm (Damish Serum

Institute)

Purificanion by Affimty Chromatography of Mouse Remn

bound angotensin I was carried out by simultaniously
addition of charcoal to the samples followed By
immediately centrifugation at 3000 x g for 20 mmn at
4°C Finally the supernatant was decanted and counted
(21} The data for the samples contarung both renin and
Fab fi were d with similary incubaied

Specific Fab Fragments
Two grams of actvated CH 48
= an and 3 ached nn 2 § ntered glass

. Lthe

final step of purification obtamed according to Matiing &
Poulsen (11) were used as a igand The pooled fractions
containing | 38 mg pure submauillary remin were
adyusted to 10 m! with couphing buffer which was 0 | M
NaHCO; pH 80 contammg 05 M NaCl and muxed
with the moist resn The puxture was placed u; a
stoppered vessel and rotated end-over-end for 3 hat 4°C
The resin was then washed with the couphing buffer and
allowed to react with O 1 M Tris buffer pH 80for2hat
4°C The resin was washed with three cycles of 01 M

92

samples without Fab fragments

One antsrenin umt (AU} S0% inhubition of 1 0x 10
GU remin (The concentrauon of mouse repin %35
established by comparison with the hog remn standard
(65/119) from the Institute for Medical Research Holly
Hill London)

The Direct Radiommunoassay Procedure for Rentint
The direct radioimmunoassay for rentn (1 1) was used
1n order to determme the assocraton conswnts for
interaction of remn with rabbit rentn specific antibodies
and Fab fragments At 4°C 25 pl standard contarning
2010 000 pg submaxllary renn was mixed with 10 @



utified human albumm attached to
a;.‘lms‘:p;:;‘:;cpw showed that continuously apph
auon of 0 148 mg/m Fab and Fo fragments was
ol reiamed but eluted just after void volume
ndicating no stgn of pon-specific absorption (o the
spacer of the affinity column

Charactert ation of Isolated Fab Fragmenis

The ssolated Fab preparation was examined by
SDS polyacrylamide electrophoresss immunoelec
wophoresss and immunodiffusion

SDS polyacrylamide gel electrophoresis (7 5%)
of the 1sofated Fab fragments contaning 20 pg
respectvely revealed only a single band w the
expected zone (N = 2) No band in the gammaglobu
in zone was detectable (Fig 3) Crossed immunoe
lectrophorests of 25 pg or $ pg punfied Fab
{ragements was performed m 1 5% agarose The
Fab preparation gave only fnise to a swgle precipita
uon line 1 a gel contamng 7 pl/em? polyspecific
hog anuseTum 2ganst Tabbit serum  proseins
N=3)

In order to directly detect impuriues of F¢
fragments 1n the rsolated Fab preparatton immuno-
diffuston was performed agamst horse ant rabbut Fo
[ragments

Five pg of the 1solated Fab preparauon and 5 pg
of 2 mixture of Fab and Fe fragments from the
Sephadex G 100 column (Fig 1) were apphied 10 the
agarose gel plate No detectable precipitation was
seen corresponding to the purified Fab preparation

while the Fab and Fo preparation showed a distinet
precpitation hine (N=2)

Association Kineties

Assocuation kinetcs of renun spearfic Fab frag
ments and antibodies were determined by the direct
radiotmmunocassay for renin (6) The procedure was
carmied owt 21 4°C The result of determinauon of
average assoclation constants for mteraction of
renin with rabbit renun speaific antibodies and Fab
fragments are shown in Fig 4 The Scatcard plot
shows a K, value for the undigested antibodes of
10x 101" t/mol and for the Fab fragment a K.
value of 0 7% 10! 1/mol In order to compare the
affinsty of Fab {ragments for the anugenic determu
nants of remn and for the enzymatic mhibition, the
Fab fragments whibuiory capacity on renin's enzy
mane actuvity {see methods) was used to calculate
the aflimity The calculated assoctation constant for
the enzymatic inhubition of the Fab fragments was
05 %1011/ mol

The 2affinty of the punified Fab fragment for
bigher molecular weight forms of remn was
d;erm\mod by immunoreactvaty and by enzymatic

.

a b

Fig 3 SDS-polyacrylamsde gel electrophoresis (7 5% }
showing 2 stngle band of the punfied Fab fragments
a Purified Fab fragments 20 pg protein was applied to
the gel {2 mercaptocthanol was omutted) b Impure
preparation of human albumun (actow) 40 yg protewn
was applied to the gel {incl 2 mercaptoethanol?

mhibition The punfied Fab fragment and the
uncleaved IgG antisenin reacted with high molecu
lar weight forms exactly 1n the same way and the

:lszl;lu were weatical 1o that of Malling & Poulsen



50000) (8) In Fiz 2A n 15 demonstrated that
continuously application of 0 148 mg/m! Fsb apd
Fe fragtnents are retammed on the afflinty column
with submaxillary remin attached The Limut of the
affinity columns capactty 1s reached at 100 ml
eluate corresponding to a capacyty of 9 86 mg Fab
fragments Arrow Bin Fig 2A indicates the ending
of apphication of Fab and Fc fragments followed by
elution with 20 mM phosphate buffer pH 72 In
order fo eliminate nonspecific absorption  the
column was washed extensively with 20 m\
phosphate buffer pH 72 contampg 10 NaCl
indreated as arrow Chn Fig 2A Desorpuion from
the column of the apphed renmn speaific Fab
fragments was carried out by adjustment to pH 3 0
and was performed n the opposite direction to
sample applicaton The desorpuon buffer was 70

mM curate buffer pH 3 0 indrcated as arrow Dy
Fig 2A The desorption eluate was foowed b
absorbance at 280 nm and when 1t approum ..
zero the oolumn was washed with 20 mif
phosphate buffer pH 72 (arrow E Fio 4
Attenpts 1o obtain higher recovery by use
chaotropic sons (16) were made by exposmg b
affinity column to 2 0 M KJ at neutral pH (arroe F
Fig 2A) The column was smmediateh washad
with 20 mM phosphate bufler pH 7 2 The reo ey
after acid eluiion was approymately §5-50% 22
after reuse there was no detectable decresse m
affimity and the recovery was sull $0-85% (N 8
‘The 1ncrzase 1n redovery by using chaotrop 108
as raised by only 2~3% (N =2) Stepwise claxa
with 4 6 and 8 M urea showed only further incress.
1n recovery of 2% (Fig 2A) In Fig 2B a corfrol

1000

Fg2B

ABSORBANCE AT 280 nm {~—1}

100 150
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72 + 05% atburin B Efution w1
NaC) D Efuronw th 20 mM ¢ tate
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72
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th 70 M phosphatebufTer pH 72 C The same buffer with ad

puller pt1 30 E Thesame eluvaabuller as B F Eltion with 20 M N
1 Eluton with 4 6 and 8 M urea followed by 20 s\ phocphate bufler pl
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lemn with puriffed human afbumin attached to
H Sepharose 4B showed that contnuously applt
ation of 0 148 mg/ml Fab and Fe fragments was
ot retamned but eluted just after void volume
ndicating 5o sign of non-specific absorption to the
spacer of the affimty column

Characterwation of Isolated Fab Fragmenls

‘The 1solated Fab preparation was examuned by
SDS polyacrylamde electrophoresis immunoelec
trophoresis and immunodiffusion

SDS polyacrytamide gel electrophoresis {75%)
of the 1solated Fab fragments contaimng 20 pg
respecnely revealed only a single band 1o the
expected zone (N ~ 2) Noband n the gammaglobu
lin zone was detectable (Fig 3} Crossed immunoe
Yectrophoresis of 25 pg or 5 pg punfied Fab
fragments was performed in 1 §% agarose The
Vb preparanon gave oMy TR L 2 SINER PIROMR
1100 line 1n a gel containing 7 pl/em? polyspecific
hop amtiserum agamst rabbit sérum  protewns
N=3)

In order to directly detect impunues of Fc
fragments 1n the ssolated Fab preparation 1mmuno-
diffuston was performed aganst hosse ants rabbit Fe
fragments

Five pg of the 1solated Fab preparation and $ pg
of a mixture of Fab and Fc fragments from the
Sephadex G 100 column (Fig 1) were apphed to the
agarose gel plate Mo detectable precipiration was
seen cofresponding 1o the punfied Fab preparation

while the Fab and Fc preparation showed a distinct
preaipitation line (N=2)

Assaciation Kinetics

Association kineucs of remin speaific Fab frag
ments and antibodies were determined by the direct
radioimmunoassay for renun (6) The procedure was
catried out at 4°C The result of determmation of
average assocldtion constamts for unteraction of
tenn with rabbn reun speafic anubodies 2nd Fab
fragments are shown 1 Fig 4 The Scatcard plot
shows a K, value for the undigested antibodies of
1010 t }/mol and for the Fab fragment a K,
value of 0 7x 1031 1/mol In order to compare the
affinuty of Fab fragments for the antigenic determu
nants of renin and for the enzymauc intubition the
Fab fragments inhibitory capacuty on fenins enzy
mauc acuvity (see methods) was used 10 calculate
the affimty The calculated association constant for
the enzymatic nhubition of the Fab fragments was
05x 1011 1/mol

The affinty of the punified Fab fragment for
bigher motecular weight forms of remn was
d by and by

o P—

v

.

a b

Fig 3 SDS-polyacrylamsde gel electrophoresss (75 4)
showsg 2 single band of the purified Fab fragments
a Puryfied Fab fragments 20 pg protein was applied 10
the gel {2 mercaproethanol was omitted) b Impure
preparation of human albumin farrow) 40 pg protein
was apphed 10 the get lindd 2 mercaptoethanol)

mmpiion  The punfied Fab fragment and the
uncleaved 1gG antirenin reacted with high molecu
tar wesght forms exactly in the same way and the

sesulls Were identical to that of Malling & Poulsen
an

ne
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Fig 44 Scatcard plot of the purified Fab fragments reacion with remn B Scateard plot of the antibody preparag
from which the Fab fragments was purified The Ka value 1s calculated from the slope of the curves

DISCUSSION

Punfication of renin speaific Fab fragment was
performed in order to obtain a speaific infubitor of
renin avoiding aggregation or precipitation of the
antigen anttbody complex n vivo and avoiding
binding of complement of the complex with
secundary release of histamine Poulsen (20) showed
that antisera agaimnst hog remn bound complement
when reacted with remn The binding site of
complement 1s localized to the first domain of the Fe
fragment of the antibody (3) The complement
binding releases histamine an could therefore cause

found by Nisonoff et al (17) studying the binding of
hapten to purified rabbit antt p azobenzoate IgGand
its Fab fragment The association constant for the
antigenic determmants and the enzymatic mhibt
tron was practically the same @ 7 x 1011 1/mol 2nd
05x 10" 1/mol indicating that the anugenv
deternunants at the surface of the renim molecult
must be in close contact With the enzymatc site of
localized 1 a postion with possibility of stene
tindrance of the renin substrate for the enzymair
site
So far the most potent mhibitor of remn wa
pepstatin an aspartylproteases inhibitor with an
hibitor constant about 10~¢ M for rerun (18) The

an anafylactad reaction which would d the
bloodpressure 1f the antigen antibody reaction took
place in vivo The decrease in bloodpressure elicited
by the histamine release would be misinterpreted as
being mhibinon of remns enzymauc activity by
anttbodies (§) The antisera rassed against pure remn
(11) showed complete inhibitton of the enzymatic
activity of remin 1n vitro A difference in the
inibitory capacity of the Fab fragments compared
to the divalent anubodies was not detectable
supporting the conclusion that aggregation does not
play a major part i the inhibstion of cnzymes (13)
The association constant for the divalent antibody
determned by the direct radiommmunoassay for
renin was | 0 x 1071 1/mol and comparable to that
by Malling et a! (11} who found a k, value of
20 1011 I/mol The association constant for the
reaction between renn and the divalent antibody
compared to remn and the punified Fab fragments
(from the same antibody preparation) showed no
difference The results are m agreement With those

96

calculated mhibitor constant the merse of
assocration constant of the Fab fragments duterm!
ned by measuring the enzymatic infubtion of rein
was 15x10 11 M Ths mples that the Fat
fragment has a k, value which 1s approximately fre
order of magnitude higher than the K value 0
pepstatin indicaung that the pure Fab frapment &
the most potent mhibitor of mouse remn avalable
The affinity of the punified Fab fragment and the
uncleaved IgG antirenin for  higher  molecols®
weght forms of remn were wdenucal The purt
remn speafic Fab fragment will be wused (0
determine the possible role of remn 1 rendt
hypertension
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UPTAKE OF NON-OPSONIZED E COL!
BY UNSTIMULATED MOUSE PERITONEAL
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A method 15 desctibed for the study of pl of 3 P labelled P! ed viable £ col: by
mouse perioneal macrophages Factors mfluencing the uptake such as medum  number of bactena
and time of phagocytosts were srandardized The Kinetics of the uptake were studied by visual counung
of bacteria and by measunng the distribution of radioacuve labeling The uptake of 3P by the
macrophages 15 well correfated o the number of bacteria phagocyuzed The amount of phagocytosis
depends on the bacterial density of the medium and the ume of phagocytosss When the medium
contains more than 109 bactena per ml the maximum phagocytic capacity 1S reached after 90 munutes
Key words Mouse peritoneal macrophages £ ol phagocytosts
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The phagacytic actvity of macrophages 15 an
mportant part of the host defense The mechanisms
of phagocytosis by these celly are only partly
known There are variations between different 1ypes
of macrophages and even within the same e
there are different pathways (3 10) Macrophages
bave at feast three funclnnal Teeepiors for auach
ment and subsequent Ingeston of partcles viz the
Fe receptor the complement Teceptor and the non
specfic receptor (11} The selection of receptor 1s a.

function of the particle mittating the phagocytie
response ™

ment Tactc

Phagoc
been studhed using mostly et particles and the
nowledge regarding Living bacterta s Jimted

This paper describes the phagocytos
Lahello v 2hts e o R s of 12

phagosyuc system for the study of some kinetic
aspects of the phagocytosss of Iiving bacteria via the
non-specific receptor

MATERIALS AND METHODS
Anmals
Alale Hars ICR/CSE/Bom albino mice were used in
all experiments They were 1~3 months old and weighed
20-25¢

Bactera
-

- peouu 1€ Lwuvaion and
abeliing of the bacleria and the preparation of the

acterial suspension were performed as by Af disedr &
Belby (&

The dens ty of the bacierial suspension, was 10920 s
bactetia per md where not otherw ine stated
The bacteria were labelled with 32P orthophosghate



(code P 3B, Insututt for Atomenerg: Kjeller, Oslo,
Norway) Bactersal suspensions wers made m Krebs
Rynger phosphate buffer with 10mM glucose (KRG), pH
7 4, prepared according to Roberts & Quastel (9)

Hanesung and Frocessing of Mouse Mononuclear Cells

Mice were hilled by cervical fracture Mouse penito-
neal macrophages (MPM) were obtamed by a method
described by Dgre (3) Three mi ice-cold Eagles mymmal
essential medium with Hanks' salts (EH Grand Island
Biologicsl Company, New York) supplemented by
heparin 51U per m1(Nyco. Norway) and 200 yg per mi
oxytetracycline (Dumex, Denmark) were injected into the
peritoneal cavity of mice without previous simutapon
After light massage the flud was withdrawn Cells from
10-20 mice were pooled centrifuged at 120X g for §
tmin and resuspended in EH medium contaiing 20 per
cent mactivated (56°C for 30 mun) foetal bovine calf
serum (FBS Flow Laboratories) 0 132 per cent NaHCO3
and antibiotics as above

The cell suspension was adjusted to 1-2> 106 cells
per m! and the pH of the suspenston was 7 4

Aliquots of 1 0 ml of this suspension were distributed
mto Leighton tubes contamning a 11X 35 mm »Mying
coverslip« and incubated for 2 h 1n a humid atmosphere
with 5 per cent COp The tubes were then agitated
vigorously The supernatant Muid was discarded and the
glass adherent cells were washed once with EH medium
The above mentioned culture medium but Without
antibiotics was then added and the cells were yncubated
for 24 hours

The cells were rdentified as macrophages firstly by
light mucroscopy and seccondly by therr ability to
phagocyuze carbon particles Four hundred cells in three
different preparations were counted

Performance of ihie Phagociiosis Experuncnts

The cells on covershps were incubated in EH medum
with 20 per cent FBS for 24 h The coverslips were
removed aseptically washed twice in physiologteal saline
solution at 37°C to remove serum The coverslips were
then put mto new Leighton tubes contarning the
prewarmed (37°C) bacterial suspension The tubes were
sncubated n hunud atmosphere with 5 per cent CO;z

After phagouytosts periods of 30 60 90 or 120 min
the coversiips were removed washed three nmes mn
physiological saline solution at 37°C to remove glass
adherent bacteria and non macrophage bound radioacts
vity After drying the coversiips were put nto tubes
with | 2 ml 0 1 N NaOH where the macrophages were
detached and dissotved

Aliquots of 0 2 ml were removed for 3P deternuna-

won and the rest (1 0 ml) were used for cell protemn

determinations
The samples for 3P deternunation were transferred (o

a saintiltation vaal contasning 10 ml Aerosol (hoch Light

100

Laboratories) The samples were counted 1 2 Pa.da.¢
hquid scnullaton counter for 10 min

The protein determnations were performed acsorday
to the Ovama & Eagle’s modification of the method o
Lown eral (8)

The rate of phagocytosts was expressed as cown of
3P radioactivity per mg cell protein and per mrus
(CPMN) The experiments were carned out in at ks
three parallel runs

In most experiments, duphcate coverships were fied
1n 96 per cent ethano! and stained with Giem<a s The
number of bacteria was counted 1n 2 hght mTnoop

Release of Label from Bacteraa 10 Medium

Leighton tubes with 106 bacterna per ol of ¥F
labelted £ colt suspended 1n ARG medum wee
tacubated 1 a hunnud atmosphere with § per o D
without the presence of macrophages 01 ml of t
suspension was removed afier vanous umes fr
determination of the total 2P activity 1n the tubes T
rest was centrifuged at 15 000 x g and 2°C for 102
After centnfugation 0 1 mi of the supernatant fluid 3
removed for determination of 33P not bound ta &
bactena

‘The release of 32P 1o the medium was espressed nt
ratio of 32P 1n the supernatant to the tota) 3-P acnan o
the £ colr suspension

Upiake in the Macrophage of 1°P not Associated with the
Bacteria

The phagocytosts expenments were performed
described above The unlabelled bacteria were vuc!"”d‘;"
10 RRG medium contatning 3P actvates of 0 10° 10 X
104 105 and 106counts per ml and per minuie The
uptake of 3P from the medium duning the phasoyes™
of the unlabelled bacteria was determuned aftef phage?d
tosis periods of 30 60 and 90 munutes

Release of PP 10 the Medum from Macrorhace
assocaled Bacteria

The phagouytosis experiments were pcrfurmcd l‘
described above After 60 minutes of phagocytons B¢
were removed pucally and washed (bree
times wah phy stological saline They wese then put '“‘j
new Leighton tubes with 1 0 mt of ARG medwm 37
ncubated agamn at 37°C At vanous imes the ao\mh;':
were removed and the UP acuvity determimed 13’
medium from the twbes was mmediately cooled 0 0°C
and the 2P actnity before and after centrifucation 3t
15000 % g and 2°C for 10 minutes was determuned

The release of 3P 10 the medium was calculated from
the quotrent

32P 1n the medium afier copinfuganan X 1003
329 on the coverstip + 32P in the medium before centnfugaten




RESULTS

The tables and the tllustrations are based on the
results of selected typical expertments Experiments
were carrted out three to four times and each with 2t

" least three parellel runs

Fate of E colt 1 the KRG Medum
The growth of £ colt and 1ts abihty to retain the
3P marker under the experimental conditions were
tested Growth of E colr (109 CFU/ml} was
neasured as variayons n CFU and O D 650
During the 120 mun the CFU increased from 2 8
0 32 x 109 CFU/m| whereas the OD g0
nereased from 0 41 10 0 42 The growth curves are
shown 1n Fig 1
At the start of the phagocytosis experiments the
total 3 P activity was 104 counts per msnute and per
ml (+25 per cent) More than 97 per cent of this
actvity was assoctated with the bactera Fig 2
shows the loss of 3P from £ colt to the medium
when the bacteriz were grown i KRG medium 1o
the absence of macrophages
After ncubation for 120 minutes the number of
bacteria had mcreased about 15 per cent but sull $7
per cent of the 2P activity of the suspension was
bound to bacteria

Macrophages

On the basis of the ¢ritena given more than 98
per cent of the glass adherent cells could be
classified as macrophages By counting 25 random

CFU/ML 10

TES

Fig 1 Growth of £ rot ~ ¥vr
Growth
—ya

0Dyt

N e

|

PER CENT OF TOTAL 2P ACTIVITY
P,

2 120
MINUTES

Fig ? Release of 3 P from radiolabelled £ coll £ coft
(10% bact /ml) labelted with 3P was grown in ARG
medium at 37° C Afier vanous imes suspensions wer
centnifuged at 15000 x g and 2° C for 10 minutes The
release of 3 P from bacteria to the medism Is the
percentage of radsoactivity in the supernatant flwid aftes
centrtfugation to the towa! radicactivity of the bacteral
suspension before centrifugation The figure presents the
mean and range of three parallel runs

1

w "w s

Fig 3 Effect of bacteria macrophage ratio on Pphagocy
tosts Mouse pertoneal macrophages on coverslips w

Leighton tubes were exposed to ten f
brieiog ¢ ten fold dilutions of

labelled +

(A—a e o »
Each pox

paralled ru .,



CPMM=xIQ®

90 120 30
MINUTES

Fig 4 Phagocytosts of £ coft by MPA afier varous
periods of incubation “Mouse peritoneal macrophages
{MPM) were culuvated on glass coverslips in Leighton
tubes for 24 h They were then exposed to 32P fabelled £
coli () 3 109 bact /mi) for 30 60 90 and 120 minutes
The rate of phagocytosis 1s expressed as counts per mg
cell proten and per minute {CPMNY) Each point on the
curve 1s the mean of five parallel runs the verucal bars
represent the range

sight fields or by measuring the protemn content of
glass adherent cells the number of macrophages per
coverslip varted between 210 5 x 105

Influence of various Bacteria Macrophage Ratos o
the Phagocytosts

Macrophages were incubated with ? P labelled £
coli suspenstons with densttses ranging from 08 x
107 t0 08 X 10" bacteria per m! Phagocyloss
was determined after 30 60 and 90 nunutes T
steepest increase 1n the rate of phagocytosis was 08

X 108and 0 8 x 10%bacternia per mi By increasirg
the number of bacteria from 08 x 1091008 x
1019 per ml there was only a two to thret fold
increase 1n the phagocytosis (Fig 3)

On the basis of these findings dilutions contx
ning 10°E£ colr per ml were used in the subsequent
experiments This gave a bacterium macrophase
ratioof 103 1 or more

Uptake of #2P labelled E colt by MP after vanous
Times of Phagoc tosts

The hmnetics of Phagocytosts of ? P labelled £
col are presented in Fig 4 During the first 90 mn
there was a linear increase 1n the uptake of > P The
maximum phagocytic capacity was reached after 90
min and there was no further merease dunng
prolonged incubauon time

Reproducibihty of the Phagocy tosts System

Repeated experiments indicated that the uptakeof
32P labelled £ col by MPM was highly reprods
cible provided that the number of bacteria and cells
the medtum and the experimental conditions #eft
kept constant

The reproducibility was simular after the different
penods of phagocytosts (Table 1)

Correlation between #2P actuy and Number d
Bacteria per Macrophage after various Times o
Phagocy tosis

The mean number of £ col: per macrophage
the J2P activity per mg cell protein was determi®
on parallel covershps after 30 60 and 90 mnutes of
phagocytosts The ncrease n the numbef of

and

TABLE | Reproducibility of the Phagacytosts Systent

Phagocytosis No of Mean 32P Range sD

ume parallels activity (CPMM) (CPMM) (CPMM)
30 min 13 50 5% 103 44- 60x 103 ssxw:
60 min 16 131 x 103 100-167 x 103 21 ><10]
90 mm 19 242 x 103 188-349 x 103 38 xI0

Mouse peritoneal macrophag
mi} The rate of phagocytoss alter various exposul

(CPMM)
Varniations 1n the upizke are given as range an

es on glass coverships 1n Leighton tubes were exposed to I2P labelled £ colt (109 bact/
re umes 1s expressed as counts per mg cell protein and per AV

d one standard deviation (S D}



TABLE. 2 Phagotriosis of 3 P labelled € colt by MPV Relationship berieen Uprake of 1°¢ and the Number of
' Bocteria per Macrophage

Phagocytosts Ume 30 mn

3 acuvity 4% 103
{TPMM) {81-36% 103
No ol £ colt pes <1
macrophage 648

60 ma 90 mun

232% 10 358% 103
1210-250 % 109 VR0
126

103-150) (203-26 20

M

4 to P labelled £ cob 11D hanenaf miYafiet wcnbation for 24 howrs

Tre fate orph;soqm'sls after exposure tmes of 3060 and 90 sun was measured as the upiake of 3 PICPVM)

and as the mean pumber of visible bacteria per

The

n six pacaliey uns. thees

wax
far esumanon of the? P activity and thrée for visual cauntng of the number of bacterta pef macrophage The range of

he £ndings on duplicate cOverslips 1s given i brackews

bactera phagocytized Correfated well with the
Increased uptake of ? PTabet 33

Uptahe of 1P fram the Medium during Phagocy tosis
of Unlabelled E. coly

Theuptake of P 1n Solution measured at various
mes and with vanous concentrattons of 3P s
neghgible ay shown 1 Table 3

Release of "2p from Macrophage associated Bacterig
1o the Med um

Release could be expressed i two ways firstly as

TABLE 3 Uptake of ¥ £ from the Medum b MPY
during Phagocs1os s of yalabelled B 1ora

—————— e

Uptake of 32P
from the
PPacuviy medium mte
Timeof nihe the \IPAf
phagogylons. fiediuma 1CPMAD
30 60 90 min 1o Dot desscuable
30 60 90 min 1ps ot detectable
30 myn tos Béx1p
*Counts per munute and per my

Mouse pentonieal macrophages (VIPA) w
re exposad
suspensions of untabelled £ col 109 hagy jml) Th:

Gunng the phagocytosts of unlabe):

fed £ cols w,
measured anq expressed as vounts Per g celf vmo::
and per minute {CPMD

3 decrease 1n the macrophage associated ¥P acuvity
and secondly 2s the percentage of 2P released from
the macrophages to the medium The degradanon
sty wamedirely after uptake 1 the macrophage
{Table 4)

DISCUSSION

The method 1t the present study was established m
ordet to examine 1he phagocytosss of viab'e bacteria
by the nonspeafic receplor into mononuclear
phagocyles A further aim Was to use the procedure

TABLE 4 Release of 1P from the Afacrophage
assocwted faciera o the Medium

Percentage of total

32P acuvity NP actvty
Time per coversip eieased to the
(CPVND medium
0 mua 185 x 103 %
100%
30 mun 148 x 103 13%
90%
80 mun 127x 103 28%
7%
80 mun 116% 103 2%
69%
120 mun 79x 103 2%
48%
Mouse pernoneal macTophages {\MPp\:
P abelied £ coh e pect Frposed @

Foll
ha 11DYe W Uptake periods of 60 g

" Eanls



to investigate the influence of external factors on the
uptake of bacteria The use of viable bacteria will
make 1t possible to develop the method for further
studies on the subsequent steps n the mtracellular
fate of phagocytized bacteria

Interaction between two ltving organisms such as
mouse pentoneal macrophages and £ colr should be
studied under culture conditions optimal for both
The KRG medium described by Roberts & Quastel
seemed to be favourable for both the macrophages
and the bactersa used in this study (9) Using this
method and a hunmd atmosphere with 5 per cent
CO;. the macrophages retamned their phagocytic
capacity for at least 2 b The protein content of
macrophages on coverships did not show any
significant vaniations during the periods of phagocy-
tos1s {results not shown) Giemsa-stained macro-
phages mn coverslips did not show any morphologs-
cal changes, even after cultivation for 4 h in KRG
mediam

The long periods of phagocytosis used 1n our
expertments require suspension medim that re-
stiicts growth of the microorgamsm It 15 of
umpactance that the radoactive marker 1S not
released from the bactera (0 the medium When
32P-labelled £ coli (10%bacteria per mi) 1s cultivated
in KRG medum for 150 min the number of
bacterra increases only about {5 per cent, and
duning the same period only 6 per cent of the
bacteria-bound 32P 1s released to the suspension
medium Therefore, both the number of viable £
colt and the 3?P label are sufficiently stable during
the experimental periods when suspended 1in KRG
medium The same medium seems to be sufficient
to mamtan the functional activities of macropha-

es
8 Qur ntention was to study the uptake of bacteria
with a defined and constant bacteria-macrophage
ratio To avoud significant elimination of bacteria
from the medium during the expertmental period
due to uptake into the macrophages we employed a
migh number of bacteria giving a ravio of 1000 1
This ratio was kepl farly constant during the
observation period

Release of radoactivity from the baciena and
from the phagocylic cell after uptake of bacteria
may be an smportant SOUICE of eFror 1n an assay
systern When 32p-labelled E colt 15 culuvated m
KRG medium more than 94 per cent of total 3p s
bound 1o bactersa (Fig 2) The uptake of this soluble
12 during the phagocytosts S neghigible (Table 3)

that the degradation and release of
Cohin fovad e 1~ e smmediately after

macrophages
finding This

may lead to underesttmation o1 Wwe amount of

phagocytosss, although in the present system ths
factor seems to be of munor importance A paralld
ancrease m the uptake of J2P and the number of
bacteria per macrophage dunng the perwod of
phagocytosis, as shown in Table 2, indicates that the
cell bound 3P 15 a dependable correfate for e
phagocytic activity

Due to qualtauve differences as well as vam
tions 1n the number and degree of labelling of the
bacterta from one etperiment to another diret
comparison of data between experiments 15 difficult
Each expertment must mclude 1ts own controls

The rate of phagocytosss and the maumum
phagocytic capacity are determined to a great etitnt
by the adhestveness between the particle and the
macrophage, and how rapudly the particle becomes
tnternalized (2, 4 5) Particdes with 2 high
hydrophobicity attach easier 2) Data on the
kinetics of phagocytosts are therefore vaiuable only
for the phagocytc cell and the microorgansm usel
1 that particular study The results presented 1 s
study concern the kinetes of E coh phagocstized by
MPM, and are not necessanily applicable to other
systems Electron microscopy showed that atch
ment of bactera to the macrophage was followed by
engulfment of the bacteria (to be published taten)

The density of the bacternal suspenston ¥

crucial for the number of bactera taken up dunng
period of phagocytosis (Fig 3) When using § 4
109 bacteria per ml, the tota] phagocytic Capaats
was reached after 90 minutes of phagocylosss (F\!’
4) 1f bacterial suspensions with Jess than 10
bacteria per ml were used, the total phagecsté
capacity was not reached afier 90 minutes ©
phagocytosis The rate of phagocytosis 1¢ the
speed with which the particles are taken up by e
macrophages was less influenced by the density of
the bacterial suspension Usmg 08 x 108 88 X
10%nd 0§ % 10% bactera per ml, there was a1
almost parallel increase m the uptake during the
first 90 minutes of phagoeytosss (Fig 3 The
corresponds well with the data obtained by Row/ey 18
his study on phagocytosts of non opsontzed £ el
(10} and by Jones on non-opsonized mycoplasmis
by MPM (4)

This system for phagocytosts of non opsomzed £
coli by MPM does not permst discrimnation
between the attachment and the engulfment phases
of phagocytosis
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EFFECTS OF ACETYLSALICYLIC ACID
ON LYMPHOCYTE
SUBPOPULATIONS IN PERIPHERAL BLOOD

§ FREIESLEBEN SORENSEN ASGER DIRKSEN JENS JENSENIUS  VIGGO JONSSON PER
PLATZ and GRETE SONDERSTRUP HANSEN

Medical Department TA and Tissue Typing Laboratory Rigshosputalet 18 Tagensve; D 2200
Copenhagen N Denmark

Sorensen S F Disksen A Jensemus J Jonsson V Platz P & Hansen G S Effects of

1 lic acid on P! 1n peripheral blood Acta path microbol scand
Sect C 87 107-112 1979

The m viro and i o effents of doses of he acd on tympl

subpopufations 1n perpheral blood were investigated with the followg results Acetylsalicylic acid
cauved both 1 vitro and am e a reduction of complement teceptor bearng lymphocytes 2nd of
lymphocytes 1dentified with fluorescent rabbit antibody © human Ig (polyvalent) and to human 18G
Sheep ted blood cell receptor bearing lymphocytes and lymphocytes wdenufied with anubody to human

TgM and 12D were unaffocted by acetylsaicyhie acd

Key words Lymphocyte subpopulations acerylsalicylic acid perspheral blood

Denmark
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Several recent studses have been

the of lymphocy m

the peripheral blood of patients with vario e

concerned with

tvoauu s S0 widely used in the treatment of
Cramam

g
s

MATERIAL AND METHODS
Examunation of Lymphocytes
Blood from normal healthy dono;

TS Were used
throughout The total number of Tymphocytes was
calculated from a leucocyte count and adifferentiat count
vsmg routine techniques Lymphocytes and monacytes
were isolated from perspheral blood by flotaton on

Lymphoprep® as previously described (18} After three
washes 1n Hanks solution the cefls were incubated 1n
Hanks cnl tanu tht aw o = A~

'

Wit

longer than one week and washed three tmes w Hanks
solution before use The mononuclear cells were
resuspended 1n foetat calf secum (FCS) heated 10 56° C
% h before use 2nd the cell cancen —
3Ix 106

Dim

incubau .

@y s

Gells W o 1ususpenced by carefolly rofatin .
g the tube

between %0 hands and the frachon of rosetts forming

fymphocytes was determined 1n a con nal he
conventio:
[ hemocy



Immunofluorescence test

The following RAuorescein (FITC) conjugated IgG
fractions of rabbit anti human immunoglobulin antisera
were used
a) a polyvalent antiserum against IgM 1gG IgA kappa

and Jambda hght chains diluted 1 6
b) a monovalent antiserum against p chans diluted 1 4
¢) a monovalent antiserum against y chains diluted 1 4
d) a monovalent antiserum against & chains diluted 1 4

The three first mentioned reagents at 2-5 mg 13G/
ml were obtained from Dacopatts A/S Copenhagen
whereas the anti & chain reagent was obtamned from
Behringwerke

) F(ab ); fragments of the ant1 y chain reagent were
prepared by pepsin digestion (15) 50 mg of FITC
labelled IgG anti y chain was mcubated (20 h 37° C)
with 1 mg of pepsin in 3 ml 01 M acetate pH 45
centrafuged 2000 g 20 min and fractionated on
Sephadex G200 tn Tris buffered saline (0 14 M NaCl
001 M Trus/HC1 pH7 4) The Flab )y peak was pooled
concentrated by ultrafiliration to 20 mg 1n 2 5 ml The
Flab); was pure as judged from analysis by SDS
polyacrylamide slab gel electrophoresis The anti y chain
reagent was diluted 1 4

Contamination of the Flab); with IgG Fc or pFc
was also analysed by radiotmmunoassay as previously

the one hour cubation at 37° C latex parucles wer
omatted

EA marker cells were prepared by mcubaung 4 1
one per cent {v/v) SRBC (E) with 4 ml IgG antibods
reagent (A) at 37° C for 20 min 1gG reagent w8
obtained from rabbits afler myectons w1th SRBC dunrg
a period of 42 d The serum was collected and the W
was 1solated on a DEAE Sephadex A 50 column ()
After heat inactivation at 560 C far 30 mun and afer
treatment with 2 mercaptoethanol the IgG resgent 3
diluted to ¥, agglutinating unit One agglutinatng vt
was defined as the amount of the highest d lutos o
antiserum which agglutiates an equal amount ofalper
cent suspension of E (19)

For roseting 0 1 ml of a 1 per cent {v/v) EA maikit
cell suspenston was mived wih 01 mi mphoat
suspension (4 x 108/m!) The cells were centrifuged 2t
200 G for 3 mun and mncubated at 37° C for 200
After resuspenston of the cells on 2 Wortex mitet e
number of rosettes per 200 fymphocytes was counted
Lymphocytes with 3 or more erythrocytes were sored
as fosettes

Quanittation of Complement Receptor Bearing Lymplaa
fes

The lymphocyte suspension was prepared as for ¢
of Fe receptor bearing cells

described (10) with minor Pr
and wash of precipitate was carried out with 15%
polyethylene glycol on glass fiber filters rather than with
ammonium sulphate

The assay was constructed with radiotodinated rabbit
pFc horse ant1 rabbut 1gG antiserum and rabbit 1gG as
inhibitor for standard curve Analyzed by this assay the
Flab); preparation was found contamnated with Fc
corresponding to about 0 5% (w/w) of IsG

The final dilution of each antiserum was selected on
the basis of preliminary ttration experiments as the
dilution yielding the maxmal number of stained cells

The cell suspensions were centrifuged and three drops
of each antiserum dilution were added to the cell buttons
1n each tube The tubes were maintained at 0° C for 30
min After three washes in Hanks solution with 5%
human albumun at 4° C the cells were resuspended 1n
two drops of a |4 mixture of Hanks solution and
glycerol At least 200 lymphocytes 1n each preparation
were examined for the determination of the fraction of
lymphocytes with membrane fluorescence

ation of Fc Receplor Bearing Cells

Quantuli
To 10 m! of blood O 58 g of carbonyl 1ron powder
for 20

was added After slowly rotation of the test tube
. A

[N

n 9 experiments by ncubating the cell suspensious
70 C with latex particles n an 1 1 mixture of
sually no labelled cells were
ents 0 1-0 4 per cent latex

tested 1
for [ hat3
FCS and Hanks solution U
found but 1n a few expenim
ngesting cells were found
For the rosette test the mon
and processed as described above eXce]

onuclear cells were
t during
1solated P

1IN8

Antibody complement coated erythrocyles (EACH
were prepared ad follows Human A erythroates
washed 3 times with Hanks soluton and resuspended 0
a 25 per cent (v/v) solution were icubaied 30 mn#!
379 C with an equal volume of an TgM rabbit ant 4
serum diluted to optimal non aggluunating concenirated
(1 2000) 0 1 ml mouscserum (complement source) B
added to 2 ml of the erythrocyte suspension in 0modt
370 C and finally diluted with 3 ml Hanks solution

For rosetting 0 | m! E AC suspension was muted » &
0 1 ml lymphocyte suspension (3 106/ml) and cento
fuged for 5 min at 72 G After 5 min the pellet :15
gently resuspended and the number of rosettes "
lymphocytes was counted Lymphocytes with 3 or moe
erythrocytes were scored as rosettes

Adnmumstration of Acenvisat oylic Aad

In the i 1utro experiments the cell s
divided 17 two alliquots with approumately 107 cells 10
two ml each Acetylsalicylic acrd was added 1 (e form
of lysine acetylsalicylate {Aspegic®) in a final concentr
tion of 30 mg/ 100 ml during the one hour incubation 3l
370 C The results are expressed as percentagé of each
kind of lymphocyte subpopulation 1 the acetylaalicy!e
zcid incubated suspension compared to the contrel
suspenston

In the 11 1110 experiments the blood donors were kept
fasting for the first two hours At time 0 blood wa%
collected and immedeately afterwards 2 & of acetyhalicy
Iic acid was given orally (Magnyl®) Two bours fatet
another blood sample was coltected Finally blood wa$
collected 24 hours after ingestion of acetylsalicylic acd
from the fasuing blood donor

Results of the /1 1no expeniments are given

uspension wis

as the



alcutated total concentrauions of each kind of fympho-
Jte subpopulation 1n the blood

+ tanstical Test
5 The Wilcovon test for pair differences has been used
nroughout

RESULTS

s | and 2 show the result of incubating
ymphocytes with and without acetylsalicyhc aad
or one hour at 37° C i vuro before assay for
rosette forming eells and immunoglobuhmpesitive
2¢lls Tt 15 seen that the percentsge of complement
receptor  bearing lymphocytes and Iymphocytes
.stamed with the polyvalent antt Ig and anui IgG
*anubody 15 reduced after acetylsalicylic acid 1ncuba
on (p<BO5 p<OOt p<OOl respectnvely)
~whereas the other lymphocyte subpopulations are
*unaffected by this treatment
It has been demonstrated that wdentfication of
surface 1gG using whole rabbit anti IgG sera may
> wentfly not only cells with sntrninsic surface 136 but
also cells with Fe receptors (see below) Therefore
* experiments were performed where Flab), frag
ments of the rabbit antt IgG sera were used In
Table | 1t 15 seen that the Flab); antibody indeed
enufy less than half the number of cells wentified
with the whole rabbit anubody but agan a

—_—
<
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60 §
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€ EA EAC

Fig 1 Effect of acetylsaticylic acd 1 sutro o6 SREC R
eelis () Fc receptor positive cells (EA) and romntans
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Fig 2 Effect of acetylsalicylic acid 1 vsiro on cells

staned with Muorescent rabbi antibody to human lg (P)

1M M) 126G (G) and 1eD (D) See text o Fig |

o
»

108/l
251

23
2
19
17

0 2 2 0 2 2 0 2 2%
E EA EAC

Fro 1 Fffas arn o v .

& Liwaiy wo nours later another bloodsampl

ple was
collected Finally blood was eoliected 24 hours after
ingestion of acetylsalicylic acid from the fasting blood
donor Values are given as absolute numbers of the
varios lymphocyte subpopulations



TABLE | Effect of Acey Isalicy lrc Acrd (A} in vitro on per Cent Cells Stained wuth Fluorescent Rabbit Antibody n I

and IgG
E\P NO
! 2 3 4 5 6 7 $  medan !
non cleaved ant: Igh g ;2 ;g 30 40 30 35 45 40 45
30 35 35 30 so 45 35 ™
C IS5 130 160
non cleaved ants I 150 130 0
edants IgG A 80 80 65 100 90 o :g(s) 2(5) I;g <
Flab); antt 1gG N o0 50 40 60 40 60 65 10 60
A 80 35 30 45 35 o 6o 55 so
C controls
108/mt
07
06
05
04
03 /
02
|
0 2z 24 0 2 2 0 2 2 0 2 2
P M G D

Fi, 4 Tifect of acetylsalicylic acid i 1o on cells stamed with fluorescent rabbat anuibody against human Ig @

(M) 1gG (G) and IgD (D) Sce text to Fig 3

found However this difference was not significant

consistent fall was found after acetylsalicylic acid

\ncubation (p<<0 02)
In Figs 3 and 4 the results of i1 0o ingestion of

therapeutic doses of acetylsalicylic acid 1s shown

(p = 020) A similar number of experiments have
been made with control indrviduals not ingesur
acetylsalicylic acid and in no case sigmificant

1 were

Agam a clearly significant fall was found 1 deviaty of lymphocy pof
complement  receptor bearing  lymphocytes  found

(p<005) and 1n lymphocytes 1dentified with the

polyvatent antt Ig and the ant IgG serum (p<0 01 DISCUSSION

)and 24 hours after acetylsalicylic acid
phocyte subpopulations had retur
es Companng the total
before and 2 h alter
fall of 0 25 x 109/1 was

1n both cases.
ngestion all lym)
ned to pretreatment valug
number of lymphocytes
acetylsalicylic acid a mean

110

It 1s well Anown that acetyIsalicylic acid reduces "
Viro immune responses as measured by miutogen
and antigen induced lymphocyte proliferation “
16 17)and release of leucocyte migration inhibitor)



actor (3) from lymphocytes sumulated by concana
.alm A To our knowledge only Crout et af {4) have
udied the 1 yno effects of acetylsalicylic acd on
>heep red blood cell rosertng cells and cells stained
with a polyvatent rabbit anuilg serum These
uthors found m contrast to the present sesults no
anfluence of acerylsalicylic acid on 1g positive cells
This discrepancy s difficult to explam since
-apparently stmufar meihods were used by these
authors 1t 15 possible however Vnal he prasma
concentration of acetylsalicylic acid as employed in
e present study way have been somewhat higher
than 1 the study of Crouf ef af
The mechansms behind the action of acetylsali
cylic acid 18 tot understood 1t has been reported
that acetylsalicylic 2cid mnhibis antigen antibody
interactions (1) and the decreases 1n Ig posiuve and
~ IgG posine cells observed could thus be due ta cell
bound acetylsalicylic acid inhibsting the interaction
between human IgG and the rabbit anti IgG
antbody This explanation hoéver seems unl
kely in view of the fact that IgM and 1gD positne
<ells were unaffected by acetylsalicylic acid
[N

ncobatng and washing of the cells at 37° Clas was
1n fact done 1n the present study) (11 12) and by the
fact that the Flab'), feagments of the rabbt ants 1gG
antibody sdentifies only very few cells fn the
penpheral bjood (21) The mechantsmy proposed to
explain these findings have been that cellbound IsG
ts carried through the washmng procedures and
relozsed when the celfs are incubated with the
fluorescent rabbit antbody Complexes formed
betwetn the human 1gG and ke rabprt antinuman
1gG antibody would subsequently b bound to Fe
receptor bearing cells through the Fe part of the
r:hbur ankbody and thereby leading to 2 false
dentification of such cells as su;
clis (] 12 21 itoe 166 beanng
The apparently selecuve pffect of acetylsahicylic
acid on gG-positne cells could thus he explained of
aehylsalicylic 209 acts on 19G bound to F¢
TeeEpiors feading 1o removal of caltboung 1.6 The

cssults presented n Table | newther evcpde nor
prove rhc ane v

Flab ),

Teduce

ugh

wh%e “ 11gu dntibody

e most straight formard explanat.

Present results would be thar amy)‘;lhr;h?a:é a?v:
selictively on certain lymphocyte subpopulatians "
theblood either by kiltiag the cells of more hikely

by changng the cell-surfaces kading to locking of
complement receptors and surface IgG as 1dentified
10 the techniques employed The decrease in cells
\dentified with the polyvalent anti Ig serum could be
explasned by blocking of cells with surface 1gG It
has been shown that most cells with complement
receptots 10 addstion carry surface Ig (5 14)and in
one of these studies (53 » was found that most
complement receptor positine cells carry 1gM and/
or D Such results obviously depend on the
methods used to wdeatily the vanous lymphocyte
subpoputations and 1t 15 possible that the comple
ment receptor posttive lymphocytes n the present
assay mnclude cells with intrinsic surface 1gG or Fc
receptors E 1 error due 1o
with monocyles Were counteracted by labelting the
monocytes with Jatex particles or removing these
cells by ron ingestion before the tests However it
cannot be exciuded that immAture MoONOCY1es escape
detection due 1o lack of phagocytic ability Such cells
carrying complement receptors and extrinsic surface
1gG may thus be the farget for the action of
acetylsalicyhe acid

The present results Jeave many questions open of
potentaal mnterest for the antt inflammatory action
of acetylsalicylic acid and further studies are sm
progress to explore the bypotheses mentioned
above However 1t mught be oconcluded that

of h b, n

vanous diseases with the current wechniques require
consideration to acetylsalicylic acid and perhaps also
to other medicatton geven to the pauents at the lime
of the tests
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2 peritoneal exudate were cultured
 macrophages Morphological and
€ntiation 1n order to compare the
macrophages (PEC) which are
i the perttoneal exudate for 1-2
npared to the relatively immature
de ingested 1251 labelled Candida
P

¢ digestive and cytostatic abiity
the (%0 celt populauons 1n early
«ced by iz o differentianon 1
I'by 1 vatro differentiation n our
exudate does not seem 1o 1mpair

exudate  human phagocytosis

N 7000 Trondheym Norway

onocyies from peripheral blood can
Vitro into large macrophage like cells
tysosomal granule content increased
sstand degrade Candida albicans and
rence 1o glass (19 17) Thas 4 vitro
1S associated with the ability o
\ synthesss 1n antigen or mitogen
iwhocytes (11 12) ang the abilary 1o
10 2 human cell hine (|3)
that this it 144 culture systen an
h humen ceps With m,
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HUMAN MACROPHAGE DIFFERENTIATION
IN VIVO AND IN VITRO

A Companson of Human Feritoneal Macrophages and Monocs tes

JENS HAMMERSTROM

Umversiy of Trondhem Depanment of Mediame Section for Haematology and Immunology
Trondheim “orway

Jens Human fTe jn sno and i siro A companison of human
pentoneal snacrophages and monocyles Acta patn mcrotish scand Set C R7 113-120 1979
Human mononuclear phagocytes 1solated from venous

WA o dten Sectomn kmaus =

blood or stenle peritonea) exudate were cultured

Pissunen 1 repressm monocyies which have differentiated 1 yno 1n the pentoneat exudate for 1-2
days showed several signs of increased effector cel) funcuon as compared to the relauvely mmature
blood monocytes Cell adherence after phagocytosss ability to degrade ingested 121 labelled Candida
albicans and abiity to suppress DNA synthesis 1n a target ceif ine of human ongm were ail found 1o
be greater m the perstoneal cells wn early cultzee Duning t siro differentianon 1n this system both
PEC and momocytes developed remarkable morphological and functional changes Cefl size and granule
tontent increased considerably Cell Tunction measured as phagocyic digestive and cyfostauc abihity
mcreased for both macrophage populations The differeaces between the tha cell populations 1a early
culture suggest that the functional and morphelogical changes tnduced by mr vno differentiation in
Peritoneal exudate involve changes of the same kind as those induced by 1 vitre differentiauon m our
system The lodzing of tmononuctear phagocytes 1n stenle pevmtoneal exydate does nOt seem 10 Impasr
the capacuty for further dufferentiauon 1o any great extent

Key words

Macrophages  monocytes  differentiation
Cytostasis

peritoneal exudaie human  phagocylos:s

J Hammerstrem Umiversity of Trondherm Department of Medicine ™ 7000 Trondheim Norway
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Stdes on the structure and function of mono-
muclear phagocytes have greatly yperesszd oot
:;mledge of these cells over the last few years

95t of these studies have been done with ammat
:ﬂ&\s ©F With a1 wiiro systems using amma) cells

ork Beth human cells casses ethseal and methodo-
ﬁvm‘l Aifficulties that are easily overcome by the
me(:a 1:borzlory ammals Ulimately however the
i SIS discovered m anima) systems should
emonstrated 1n human Systems m otder 10
Ruire 1ekerance for the und and treat-

strated that monocytes from peripheral blood can
dhfferentiate i v1tro into large macrophage like cells
With 1nCTEased wareamal memm ts

o
diflerenitiation 1s associzted Wwith the ability to
suppress DNA synthests in antigen or mitogen
stumutated lymphocytes (11 (2), and the atulay 1o
inhibit growth 1n a human cell hine (13)

Tt thus seems that this s vitro culture System can
provide us with human cells wih macrophage

et of human disease Studies 1n this laboratory

o0 human mononuclear phagocytes have demon-

for study However, the
relevance of functonal swdies on monocytes
differentiated mn vitro to human macrophage fune
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pm supernatant

PSR x 100
{cpm covership) + (cpm supernatanl) + lepm sedament)

hus 15 referred to as digestion capacity No correction
25 apphed for spontaneous release of 1sotope from the
adiolabelied Candida winch s 2bout 10% for the
enod studied (16) snce this will not affect the
ifferences berween the cell populations

“elt Adherence after Phagooy tosis

“ells detachung from the coverslips durwng the digestian
xriod were found 1n the sediment after centrifugation of
he medum aspirated at harvesng The detached
Traction of cells having ngested Candida was calcutated
s

(cpm sedimend)
o orersip) + (epm supernatanmt + {epm sedment)

x 100

Mocrophage medated Cy tostasis of NHIK 3025 cells
The human cell line NHIk 3025 established 1n 1967
{rom 2 carcnoma 1n sitw of the cervin (1) was used as
target cells The cells were mamtaimed 1 RPMI 1640
with 20% human A + serum | glutamine and genta
myein They grow 1n monolayer culture 1n an epstheliosd
fashion with a mean doubling time of about 18 hours
Target cells were trypsuzed and 25 x 104 celis n 0 5
ml fresh medium were added 1o monocyte/PEC
monolayers contaiming about 25X 105 cells giving a
rget effestor el rauo of apprommately 110 R

+IROILUS pipetting The lysate was frapped on glass ﬁere
iiers in 2 Titertek muluple cell barvester (Skatron
Lierbyen Norway) The filters were washed with 5%
TCA teft for 60 seconds and then washed for 20
$eonds w1th water The dry filters were counted 1n a

bqud scintlation counter (Packa
1 Tricarh ) Cytostat
mdex (CI) was calculated as o

Q109 NNIK + effector cells) ~ (epm effector cells)

=mmn = Saor oells) - (epm effector cells)

fepm NHIK)

* swewiupiate Varauon between paratels

:u’lful:li“ 10% 3% Tdr incorporation 1 target cells

(mar without monocytes/PEC was 36 859 = 8990

mwr;“ rt“mSnD of all expenments included) 31 Tdr
m monocytes/PEC was alw

10% of that 1n the target celis Hns elo

Stansnes

P values were obtasned by Students ¢ et

v~ -

RESULTS

Cell Separation and Culture Characteristics

In preliminary experiments to establish satisfac-
tory separation and culture conditions for the PEC,
differential counts on May-Grunwald-Gtemsa stai-
ned {MGG) drop preparations of unseparated PEC
showed mean values of 38% macrophages, 37%

24% p i il

tes, and rather heavy RBC contamination By
employing the method usually used for rodent PEC.
with washing, plating of unseparated cells i culture
medium and washing off the non adherent cells
after incubation for 90 min, monolayers with 49%
granulocytes, 44% macrophages and 7% lympho-
cytes were produced Many of the macrophages had
phagocytized RBC

1t has been demonstrated that endocytosis of
RBC or haemoglobin interferes with macrophage
mediated tumour cell kithng (18) To eliminate RBC
and Jear phagocy a

g IS
wnd ad Tanttit e

and virtually no RBC contamunation 95% of the
cells mgested C albicans thus indicating that some
of the cells with lymphocyte morphology were 1n
fact, macrophages To exclude the possibility of
selection of a particular subset of macrophages at
this stage drop preparations were made from
different levels of tubes with Ficoll/Isopaque
centnifuged asaitic flud  Virtually no cells with
macrophage morphology were found outside the
nterface cell band Monol of
blood monocytes prepared as described contatned
81% monocytes 10% Iymphocyles and 9%
granulocytes sudzed on the bass of MGG prepara-
tons More than 90% of the cells mgested C
albicans

The PEC were generally larger than the blood
monocytes, and many PEC contained 520 phase
dense granules which probably represent lysosomes
{Fig 1A and 1B) Dunng i vero culture for eight
days the cell size 1 bath cell poputations increased

by the of

large amounts of phase-dense granules i the
permuclear region (Fig 1Cand 1D) The PEC at all
stages of culture seemed to be shghtly more spread
than the monocytes

The survival of PEC mn culture was better than
that of monocytes After ¢ulture for 8 days 730 +
7 4% of the cells present after culture for 105 min
were sull adherent tn PEC cultures as compared to
513 = 99% of the monocytes

115



tion 1s not clear The aim of this study was to see
whether morphological and functional changes
similar to those produced m monocytes in vitro
could be detected n an exudate macrophage
population Stenile peritoneal exudate flmd from the
indwelling catheter of a patient undergoing perito-
neal dialysis was chosen as a source of exudate cells

MATERIALS AND METHODS

Human Feruoneal Macrophages (PEC)

All cells were obtained from the same donor, a 60~
year old woman with renal falure due to renal
amyloidosis The amylotdosis was secondary to chromic
theumatoid polyarthriis The patient was having regular
peritoneal dialysts three times weekly as an outpatient at
the time of the experiments Five hundred ml of shghtly
hypertonic dialysts flud (1 5% glucose) was left 1n the
abdomen at the end of dilysis sesstons The fluid was
collected from the permanent indwelling catheter after a
period of 60 hs without dialysis just prior 10 the next
sesston The fluid was collected sterilely in glass bottles
with 10 IU heparin/ml Bacteriological tests on each
sample were negative The flwd was fiftered through
stertle gauze to remove gross debns and layered
undiluted on cold (4°C) Ficoll Isopaque {Lymphoprep
Nyegaard & Co Oslo Norway) After centrifugation at
800 G for 15 min the mononuclear cells were washed
twice in Hanks balanced salt solution (HBSS) The cells
were suspended 1 RPMI 1640 (Gibco Bio Cult)
Glasgow Scotland) with 20% pooled human A+
serum by 0 TmM 1 and 40 pg
gentamycin per ml to a concentration of 2 x 108 cells per
ml Aliquots of 250 pl of the cell suspension were
applied to Circular glass caverslips (O 14 mm) placed 1n
dry Petrs dishes After icubauon for 90 min (5% CO2
m awr 37°C 100% humudity) the covershps were

PR %~ 14 vemed nm and transferred to the

medium was added to each well For the cytostasts
assays 0 5 m of cell suspension With 0 9 x 10° cells per
ml was apphied directly 1ato the wells of the 24 well plate
without coversips The monolayers were washed once
with culture medum and 05 ml medm was added
after incubation for 90 mia The medum was changed
after 1 4 and 8 days in wells not previously used for

experniments

Human Monoctes
Monocytes were separated from venous blood from

healthy adults as described 1n (11) Briefly blood was
defibrinated by a glass strrer Mononuclear cells were
separated by centrifugation on Ficoll Isopaque (800 G
for 15 min) The cells were washed three imes in HBSS
and suspended 1n cufture medwunt to 2 concentration of
4% 106 per m1 and ahquots of 0 25 ml were added to
coverships as described for PEC For the Cy\osms:;
assay 05 ml of the same cell suspenston was applr

14

directly 1nto the wells of Linbro plates ANl furt
manspulations of the cultures were identical for the tn
cell populations

Cell Counts

Cells 1n suspension and Candida parncles %&
counted 1n an electromic particle counter {Coulter mod
Fn) Coverslip cultures were incubated for 15 mmn w
05 ml culture medum with 2% 108 Candida partick
per ml and washed twelve times 1n HBSS befor
counting adherent cells at each porat of time The mea
of 20 visuat fields distributed along a full diameter of
coverslip multiphed by the number of fields
covershp was taken as the number of cells on ex
covershp

AMorphological Studies

Live cells were photographed using 2 micro chamb
techmque (19) and phase contrast mcrosoope (Lev
Laborlux) with automatic photographic equipment {Let
Orthomat)

Phagooy tosis of € albicans
A modification of the assay described by }eken {IMw
used Heat halled C albvans (Dept of Microtsolopy
University of Trondheim) was labelled wath 2 (kyelier
Norway) by electrolysis as described m (16) T
specific actvity of the labelfed Candida partices ®2
determuned for each experiment by measuring radioact
vity 1n six rephicate samples of 1 x 106 Candida partickes
and was found to vary between 0 006-0 012 counts p&
Candsda particle

Covershp cultures of monocytes/PEC were mcubalc:
for 15 min with 05 ml of fresh meduwm with 2¥ 10
Candida parucles per ml after culture for 90 i Tdn
4 days or 8 days The coverslips were Washed l“"f
times n HBSS fo remove all extracellutar Candés
particles and transferred 1o new wells and 10 m! o
medium was added Digestion of ingested Candida wa&
allowed to proceed for 24 hours afler which the callure
were harvested The medwm was femoved and centnf
ged for 10 mun at 2000 G Radroactivity was measured
separately m the cell frec supernatant the sedment ol
detached cells and the coversiip with adtecent cell> 2
Packard gamma radiation counter counting 1asted for
three minutes

The number of Candida particles ingested per cell was
calculated as

(cprm coverslip) + (cpm supernatant) + (epm sedmes]
speaific acuvity of Candida

cell number per coverstip

+2632 (mean + SD ofs!

Totat cpm per well was 5250 i

expetiments included) Each experiment was per
1n quadruplicate

- '
reflected
nd W&

-
calculated as



cells 1n differentiated macrophage cultures The
mean cell density was somewhat higher in PEC
cultures This would tend to decrease the PEC
phagocytic ability more son 4 and 8-day cultures
because of the better survisal of PEC i culture

Ab 11y 1o D gest Ingested C albicans

The PEC had a sigruficantly greater digestion
capacity tn early culture than the monocytes
{p<0 052t 90 minand p<0 0] at 1 day)iFig 3A)
The d gestion capacity of freshly 1soated PEC was
about the same as that of monocytes cultured for
one day i yiro Dunng i vitro culure the abllny
1o degrade ingested Cand da inereased 1o a platean
salue where about 85% of the ingested ! 5T was
released during the 24 hour digestion pestod n 8
day-old cultures The difference between the two
cell populations 1n early culture disappeared both
d fferentiating to the same level of maumal
d gestion capacity
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Phagocy tic Abiliyy capacity 26 tumes during culture for 8 days
There was no sigmficant difference {(p>>05) be- compared toa 1 9 times rise 1n PEC However the
tween the ability of monocytes and PEC in early may be an effect of different cell densities 1n the ts(
culture to ingest 12’1 labelled C albicans (Fig 2} cell populations since phagocytic ability was found
Blood monocytes seem to have a greater capacity for  to vary nversely with the cell density In the
differentiation since they increase therr phagocytic monolayer being more influenced by the number ol

:n A C' y
TR,
gLz

el :
G NES

Syiexd
Fig I A Pento
Peritoneaj exudate
400 Live cells

ulure €
ast X

lture B Blood monocytes after 90 min in ¢
udate macrophages after 90 min 1n cul

m::c’:'ophagcs after 8 days in culture D Blood monocytes after 8 days in culture Phase contr:
e
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cells i differentiated macrophage cultures The
mean cell density was somewhat higher m PEC
culteres This would tend to decrease the PEC
phagocytic ability more som 4 and 8-day cultures
becatse of the better survival of PEC m culture

Abiity 1o Digest Ingested C albicans
The PEC had a sigmificantly greater digestion

cpacty . early culture than the monocytes
(p<0 052t 90 minand p<0 01 at 1 day}{Fig 3A)
| The digestion capacity of freshly tsolated PEC was
about the same as that of monccytes cultured for
one day i vitro During i vutro culture the ability
1o degrade ngested Candida tncreased to a plateau
value where about 85% of the ingested 1'S] was

released during the 24 hour digestion period 1n 8
| day-old cultures The difference between the two
 cell populations n early culture disappeared both
| dfferentiating to the same level of maxtmal
| digestion capacity
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Phagocy 1ic Ablin

There was no sigmificant difference {(p>>0 5) be-
tween the ability of monocytes and PEC 1n early
culture to ingest 125]-labelled C afbicans (Fig 2}
Blood monocytes seem to have a greater capacity for
differentiation, since they increase their phagocytic

2
Fig 1l A Peritoneal exudate m:
Peritoneal exudate macrophages after 8 da:

400 Live cells

116

capacity 2 6 times during culture for 8 davs =
compared to a 1.9 times nise in PEC However, tr
may be an effect of different cell densities 1 the tw;
cell populations, since phagocytic ability was founé
to vary inversely with the cell density in t
monolayer, bemng more ifluenced by the numbero

C
rophages after 90 mn n culture 8 Blood monocytes after 90 minn cul:;li:‘ N
ys in culture D Blood monocytes after 8 days in culture Phase con!



DISCUSSION

This study demonstrates that human pentoneal
ewdate macrophages can be 1solated selatively
easity from patients undergoing pentoneal daalysis
thus providing access to 2 compartment of the
mononuclear phagocyte system not previously
studied to any greal event v man In animal
systems n vifro studies on mainly

presumably contains largely monocyte-derived ma-
crophages {15) In fact the sampled PEC. having
differentiated 11 o 1n the ecudate for various
periods up to 60 hours resemble 11470 differentia-
ted monocytes cultured for 1-2 days as Tegards the
cell functions studied

The data on phagocytosts of C afbicans does not
permut any {irm conclusions to be drawn regarding

(e

employ PEC elicted by vayious chemucal or
nfectious agents and a study of a simular macro-
phage population 1n man secmed to be worth whife
The sepasation does nat cause any 10

1 phag capacity, due to the
nfiuence of cefl dersny on phagocyiens We could
not confirm the findimg of Frken (17) that phagocy-
tic capacity 1S constant above a certain cetl density

the patient

PEC from a patiemt having peritoneal dualysiscan
be compared to the more readily available blood
monocytes from healthy indmviduals The obvious
comparable monocyte population would of course
be the patrents own monocytes but 1t was found
ethically unaceeptable to draw the relatnely large
amounts of blood resded from an anaemic patent
with decreased mfecuon tesssiance The differences
observed 1n effector cell function of PEC and
monocytes may however be indicauve of relevant
funcuonal dissimilartties between the two cell
populations and not merely a consequence of PEC
donor disease for the following teasons

In our taboratory Jorsiad et al {3 4) examuned
Mood monecytes from uraemc Patients in an assay
ilmost identical with the present study They found
ihat managseg fram 4] 0 -r .t N

Wt

oyt LE P i
dnerence 1o glass afier phagocytosis when cultured
1n medium supplemented by normal serum

The wmparment of tmonocyte phagocytosss
digestion and adherence to glass found 16 uraemic
Patients (3 4 14) has been shown 10 e due to
factorls) 15 uraemic serum (3} All celts in this study
Were washed and cultured wn normal serz thus
eiminating this factor as a cavse of the difference
obseried

S
cel
o
fin
Th. oiservation of enhianced effector cell functions
In the patients PEC suggests therefore that this
way be due 1o the difference 1n anatomcal location

and in yio differentiation between these cells and
blood monocytes

Am

P

The peritoneal dialysis snduces a sterde mflac
matory exudate due to the slightly hyperosmolar
dalysis flud Free oolls i the paruonaum e
probably effectively removed by the dralysts and the
audate flud sampled 60 bours afier dulysis

Thus of different phagocyte popula-
tions 1n monolayer culture seem to fequire very
accurate monttormg of the cell density However,
our findings suggest that the PEC n early culture
are somew hat more active phagocytes at a piven cell
density Both cell populations increase therr phago-
cytic capacity on iz varo culture for 8 days

The degradation of mgested 12°] labelled Candida
with 1sotope release to the medwm 15 probably a
funchionat assay of crude lysosomal enzyme act
vity The digestion capacity was significanily hugher
1n the PEC than 1n the monocytes after 90 min and
| day n wiro thus indicating 2 more advanced
Iysosomal function 1n the 17 1o differentiated cells
The dilference becomes indiscernible after one week
in culture when both populations reach what 15
considered 1o be maximum digestion cipatity with
complete degradation of ingested Candida

Cell adherence to glass 15 a membrane function
which discriminates sharply between the freshly-
solated phagocyte populations The PEC showed
well-developed adherence 1n early culture which
may be interpreted as a sign of »activauon« (9)
Ineteased macrophage adherence may however be
a differentiation related response  Mouse bone
marrow macrophages differentiated 1 vitro from
non adherent stem cells attach ony loosely to plastic
after one week 1n culture (6) The greater adherence
of the PEC 15 matched by monocytes cultured for
1-4 days i vitro Thus the greater PEC adherence
need not imply »acuvauione by lymphokines or
other mediators 11 vno but may reflect a differenty
auon response of the mononuclear phagocyte upon
leaving the circulation

The greater cytostatic ability of the PEC in early
culture again points to more advanced differentia-
ton m the PEC 2t solaton as monocytes need
more than four days 1 vitro to acquire the same
ability to suppress DNA-synthests in the target
celis Cytostatc activity of macrophages 11 vifro has
been attributed 10 supernatant factors (5 10) m
some systems affecung SH Tdr incorporation but
:‘o;;(:rz:h(erauon (8) Control expeniments with.

OCY1eS 10 ouUr system have shown that

e
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Cell Adherence after Phagoo tosis

The ability of the cells to remamn adherent to glass
after phagocytosss is reflected by the amount of 125]
found 1 the detached cells 1n the sediment These
cells show signs of lysis and death with intact
ngested Candida particles PEC 1n early culture
were markedly more adherent than monocytes (Fig
3B) After four days 1 vifro monocytes developed
the ability to adhere to glass to about the same
degree as PEC after culture for four days This was
also venfied microscopically and by cell counts
made at the beginmng and the end of the digestion
persod

The percentage amount of 1sotope left on the
covershps after the digestion  period (Fig 30)
reflects undigested Candida 1n viable adherent cells
After culture for 90 min the greater adherence of
the PEC was reflected by a larger amount of 1%11n
adherent cells Durng the first day of culture the
monocyte adhesiveness increased greatly while the
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Fig 4 Cytostatic ability of blood (0—0) and pento!
(®—@) mononuclear phagocytes durmg n s
d as ¢y ndex Mean 2

E M of experiments in triplcate n = 12 for b

cells n = 3 for peritoneal cells

Development of Cstostatic Ability During m
Differentiation

The mononuclear phagocyles were tested
their ability to suppress DNA-synthesis
human cell tne NHIK 3025 The results are she
m Fig 4

Freshly 1solated PEC inhtbited SH-Tdr ncor
ration 1n the target cells while freshiy ol
monocytes exhibited a w eak sumulating of wleed
effect (0 023>p=>0 01 for the difference of mo
cytes and PEC at day 1) Both cell populations 3

played an of effector cell funct

rse 1n digestion capacity was Jess n
higher counts in adherent monocytes on day |
Thereafter the steady decrease of 1251 1n adherent
cells manly reflects the improvement 1 the ability
of the celis to degrade ingested fungi snto soluble
material which 15 released to the medium

on 1 viro differentiation and matured 10t0 mac
phages capable of suppressing target cell HH-
Incorporation to about 80% of control
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A SOLID-PHASE, POLYCLONAL IgM-RF BINDING ASSAY
FOR CIRCULATING IMMUNE COMPLEXES
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Gikmann G Svehag SE & “wiehen H A sohd phase polyclonal IgM RF binding ascay for
crculaung mmune complexes Acta path smicrobiol scand Sect C 87 121129 1979

A polyclonal Ig\ RF binding assay (pRF BA) for the detection of circulating immune complexes (IC}
s described The method 1s based on the compeutive binding of heat treated rodinated 1G (A1gG) and
naturally occurring 1C 1o 5ol d phase IgM RF The sensiuvity hmit of the assay was 300-400 ng
815G /mh @ hute serm The coslfivient of varavon fof the assay vared from 6 10 12% of the total
bnding when AlgG concentrations up to | pg/ml were measured One hundred and sit patient sera
were eamined for 1C occurrence and sigmficant differences (p<<0 01) were observed between 30
normat controk sera and sera from SLE sarcmdosis and glomerulonephrius pavents About 40 ¢ of
patients suffering from acute myocardial wnfarction (AMI) gave IC positne reactions with samples
taken $ to 10 days after the infarction The kmetics of IC appearance was studied 1 AMI patiemts by
the pRF BA and three depend was regrstered m the RF assay $

p assays 1C
to 12 days after the rse 1 ASAT enzyme vatues and the IC reacuvity cofresponded to complexes
rang ng from 2 to §x 108 tn molecular weight
Key words Circulating immune complexes R binding assay

Graciela Glikmann Insttute of Med cal Microbiology J B Wimslows Vep 19 DK 5000 Odense
Denmark
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Circulating complexes of antibody and antigens
> microbial or host origin may deposit 1n the
vascular beds of vanous organs Such rmmune
mplexes (IC) can trigger complement actwation
and stmulate the release of medsators of nflamma
tory processes

Several methods for detection of arculating IC
bave been reported recently Some methods make
Use of the binding of IC 1o complement factars

This report describes 2 new competitive protein
binding assay 1n which the binding of solid phase
polyclonal g\ rheumatoid factors (RF) to heat
aggregated human 1gG (AT1gG) and to soluble IC in
pathological sera was measured

MATERIALS AND METHODS

.
- - “uauatul 9 orto N

was 1LaLuvnated by gel chromatography on a

theumatod factors (4 & 15 16) and conghutiun
(5) By use of these methods soluble 1C have been
detected 11y patients suffering from a varsety of

diseases, such as theumatoud arthnus (3 9 17 33
34) chran o alomen ' - R

<« surel

Sepharose 6B column (Pharmacia Fine Chemicals
Uppsala Sweden) equilibrated with Na K phosphate
buffer 005\ pH 75 The eotumn was kept at 4° C and
the flow fate was 30 mifhour

The protemn concentration of the collected fractions
was determunted by spectrophotomeiry and the position
of 16M 12G and albumin on the proten elution profile
by fused rocket immunoclectrophioresss (26) AN fra
ons were tested for RF acuviy by the Latey globutin
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there 1s no cytostatic effect of medium conditioned
by 12 day old monocytes Medium change and
washing of monocytes just prior to the 3H-Tdr pulse
does not afTect the cytostatic activity It thus seems
that the cytostatic ability induced by in ‘itro
differentiation of monocytes i human serum 1s not
mediated by stable supernatant factors such as cold
thymudine released from monocytes

The indrcations of ncreased effector cell function
found 1n freshly isolated PEC suggest that the in
witro functional changes induced 1n monocytes by
culture 1n human serum (13) may be relevant for
the 1 vutro differentration of human mononuclear
phagocytes Lodging of mononuclear phagocytes 1
a sterile exudate did not seem to lead to any
restriction of particular functions among those
studied The exudate cells showed a capacity to
differentiate further i vitro nto cells structurally
and functionally very similar to monocyte denved
macrophages This differentiation must be taken
mto account when studying mononuclear phagocy
tes w1 vatro as first shown by Coln (2)

The technical assistance of Mrs A Sorenscn Mrs 8
Lippe and Mrs A Remen 1s gratefully acknowledged |
am indebted to Professor J Lamiik and Dr G Unseaard
for discussion and help and to the Nephrological
Section Dept of Medicine Reg Hospital Trondhetm
for permitting the cell sampling

This work was supported by grants from the
Norwegian Council for Scunce and Humanius the
Norwegian Cancer Soctel) and the Norw egran Socien, for
Fighnng Cancer The author 1s a research fellow of the
Norwegian Cancer Society
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A polyclonal Ig\I RF binding assay (pRF BA) for the detection of circulating rmmune complexes (IC)
1s described The method s based on the compeutive binding of heat treated 10dinated 1gG (31gG) and
eaturally occurring IC to sohd phase [gM RF The sensitwity kit of the assay was 300400 ng
A1gG/ml dilute serum The coefficzent of variation for the assay varied from 6 1o 12 of the total
binding when AlgG concentrations up (o | pg/ml wete measured One hundred and <t patient sera
were examined for IC occurrence and significant differences (p<0 01) were observed between 30
normal control sera and sera from SLE sarcowdosts and glomerulonephritis patients  About 40% of
patients suffering from acute myocasdial nfarction {AMI) gave IC posive reactions with samples
taken S to 10 days after the mfarction The kinencs of IC appearance was studied 1n AM pauents by
the pRF BA and three complement dependent assays IC appearance was registered 1n the RF assay 5
10 12 days after the nse tn ASAT enzyme vatues and the IC reacuvity corresponded to compleses
ranging from 2 10 5 x 108 1n molecular weight

Rey words Circulaung immune complexes RF binding assay

Graciela Glikmann Instinute of \edical Microbiology J B Wimslows Vey 19 DK 5000 Odense
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This report describes a new competitive protein
Circulating complexes of antibody and antigens binding assay in which the binding of sohd phase
of microbial or host origin may deposit ;m the polyclonal TgM rheumatowd factors (RF) to heat
vascular beds of varous organs Such smmune  aggregated human 18G (AlgG) and to sotuble IC 1n
complexes {IC) can trigger complement actwation  pathological sera was measured
nd stimulate the release of medators of inflamma
tory processes
Seveeal, nattoddss faut Areedt a1 g 'R
have t;mn teported recently Some methods make MATERIALS AND METHODS
use of the binding of IC 10 complement factors  Human Polyclonal Igbf RF Freparation
t;lsﬂwuhrly the Clqprotem(6 7 8 11 14 20 24 The RF preparation was |<o’l‘:led from sera obtained
) while others are based on the binding of IC to  from a patient with rheumatoid arthrtis (RA) Five ml of
ellular receptors for C3b and Fe (21 29) or to  \he serum was fractionated by gel chromatography on a
theumatond factors (4 8 1S 16) and conglutmn  SePharose 6B column (Pharmacia Fine Chemucals
(5) By use of these methods soluble IC have been  UPPsaia _Sweden) equitbrated with Na k. phosphate
detected 1n patients sufferng from a vanety of buffer 0 05\ pH 7 5 The column was kept a1 4° C apd
dsases such as theumatoud arthnws (3 9 17 33 % 00% rate was 30 mi/hour
34 chronic glomerulonephnitis (2 36) systemic T}: prowein Soncentration of the coltected fractions
b nemiosss 1 & 20 27 28) weratoe AT 1o aad peeoshotometry and the posiiion
s protemn elutio)
e ]0)) c?’:;msmc infectons (13) malignancies by fused rocket Immunoetecteophoresss (26} .:xfr?:;ﬂ:
tions were tested for RF actvity by the Latex globulin
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there 15 no cytostatic effect of medium conditioned
by 12 day old monocytes Medium change and
washing of monocytes just prior to the 3H Tdr pulse
does not affect the cytostatic activity It thus seems
that the cytostauc ability iwnduced by m itro
differentiation of monocytes tn humnan serum 1s not
mediated by stable supernatant factors such as cold
thymidine released from monocytes

The idications of increased effector cell function
found 1n freshly isolated PEC suggest that the
vurro functional changes induced 1n monocytes by
cufture 1n human serum (13) may be relevant for
the 1 vitro differentiation of human mononuclear
phagocytes Lodging of mononuclear phagocytes in
a sterile exudate did not seem to lead to any
restricion of particular functions among those
studied The exudate cells showed a capacity to
differentiate further i vitro mto cells structurally
and functionally sery sinnfar o0 monocyte-derned
macrophages This differentiation must be taken
into account when studying mononuclear phagocy
tes i vitro as first shown by Colr (2)

The technical assistance of Mrs Af Sorensen Mrs 8
Lippe and Mrs A Remen 1s gratefully acknowledged 1
am ndebted to ProfessorJ Lamik and Dr ¢ Unseaard
for discussion and help and to the Nephrological
Section Dept of Medicine Reg Hospial Trondheim
for permutting the cell sampling

This work was supported by grants from the
Norwegian Councd for Scicnce and Humamines  the
Norwegian Cancer Sociens and the Norv egran Societs for
Fighting Cancer The author 15 a research feltow of the
Morwegian Cancer Society
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that the most suitable test conditions defined as
difference between the capactty of {gM RF and
1gM NHS to bind the indicator added was obtained
when 100 ng of 125 ARG was reacted with 5 pg
1gM RF Employing larger amounts of IgM caused
an increase 1n the background counts bound to Igh-
NHS coated tubes In addition the results indicated
that no further binding of AlgG (maumally 11 1o
12%) was observed when the tubes were reacted
with larger amounts of Ig\M RF

]
h=]
g
3
2
v
=
3
1
o b
8
o
c
L S
1 3 5 7 9
g IgM added

Fig 1 Binding of 1’51 A1gG 10 sohd
phase 1gM RF
{filled svmbols) and 1M NHS {open symbols) S0 ng
§ 415G Aand A 75 0g 2T ARG D and W 100

K
ulom ‘Xh.!lgG Oand @ Range of iplicate determina

30

Binding index

10
——

19 «lgG added

Fiz 2 Comparison between eo

mon
32y Different amn nie nf ot Peugn and whibiuon

Detection of AlgG in the Presence of NHS

A comparison between competition and inhibi-
tion assays was made and test conditions were
selected based on the findings described aborve The
tubes were coated with 5 pg of the IgM RF
preparatton as described 1n Materials and Methods
100 ng of 1231-AlgG and different amounts of
unlabelfed AlgG rangtng from 9 ng to 6 2 pg were
incorporated in 1 mi of NaC1-Tween-BSA soluuon
contaiming NHS at a final dilution of 1 800 Afier 3
hours incubation at room temperature the iubes
were washed 3 times and the results from the
competition assay were recorded {n the mtubitton
assay the solid phase IgM RF tubes were washed
with the NaCI-Tween BSA solution and 9 ng to 6

1%

3

12

ng 125/~ olgG bound

10

[R— L

0 04

I 5

08 12 16 20
pg »lgG added

Fig 3 Displacement observed w
unabelied AlgG 15 1ncory
1m NaCl Tween BS

When g~ -

hen different amounts
Porated 11 serum diluted | 800
solution {bottom figure) but ney



aggfutination (LA) test Fracuons With the highest LA
titers 1n the IgM region were pooled and frozen at —60° C
n small aliquots until use The protein concentration of
the RF IgM contaiming pool was 0 6 mg/ml
RF negative normal human sera (NHS) were fracuo

nated similarly by gel chromatography 1gM conttiming
fractions from the same region of the elution curve were
pooled and stored at =60° C The protan concentration
of the control preparation wis 0 5 mg/m!

RF determinations

RF activity was demonstrated by latex globulin agalu
tination (22) and the immunodiffusion method by
Schalén & Christensan (23) Tn the aggluunition assay
o fold senial ditutions of RA sert NHS RF positne
IgM =nd RP negatve IgM  fractions 1o saline Na
tetraboraie buffer 0 05\ pH 8 § were added (25 pl) to
Takatsy plates and 25 pl of 1§ diluted latex globulin
reagents (Hyland) was introduced into each well The
reagents were mixed and the agglutination w18 recorded
after 20 hours incubation at room temperature One latex
agglutinating (L A) unit corresponded 10 about 200 ng of
the RF Ig\ preparation

The immunodiffusion 1ssay was porformed in 06 1\
agarose usting 7 pl of 1 > 228 fraction (10 me/mb of 2
heat aggregated 1gG (Coha s fracton 1Y fractanited o
Sephadex G200 1n the central well Penipheral wells were
fitled with 20 ul of undiluted patient sera and the plites
were inspected fter 2=3 days meubation 1t 22° C In
order to distngunsh butween RE of g\ and 1gG elass the
sera were tested both untreated and after incubation with
0 15\ 2 mercaptocthanol at 22° C for 2 hours

Preparatin of {3 lal elle 1 81eG

\ggregated IgG (AIgG) was prepared by hewung 20
mg human 1gG (Cohns fraction 11 Kb Stockholm
Sweden) it |l of 1 NaCHIO 10 M) Tueen 2001 1)
BS\ (02 1) <olutton at 63° C for 12 min Two ml (10
mg/mi) of the aggregated miternnl was Tiltered on a
Sephadex G 200 column (26100 cm  Plnrmicia
Uppsila Sweden) equilibrated with 601 M Tris HCH
buffer containtng 05 M NaCl and 002V N\aNj pH
80 The column was run a1 4° C flow rate 5 mi/hour

The fractions n the first peak (2228} were pooled
and concentrated to 10 mg/ml lodinanion of the het
acgregated mterial was performed by the lactaperoty
dase method (31} The labelled preparons (10-15
wCi/pg protun) were scparated from (ree 1odide on a
Sephadex G 25 column and stored 1 ~(0°

1d phase RF Lutding Assay
5 I-‘l\glpg of thu lgM RT solution was added to

o tubes (11x70 mm Nunc  Denmark)
g::\)\jxx:\:: 1 mi 0 1S M NaCl bulfered with 00t M
<odium phosphate pH 72 (PBS) 1nd the |ul;0\ were
incubated 1n a veruicil pasiion on a shiher for 20 hours
at room temperiture Controls included tubes lnCuh'\}x‘cd
with 5 pg of the control IgM preparation and tubes

with PBS only
]"C/‘ikltlacl:(:hrcc washings with NaCl (0 10 \IFTuclen 2(:
(19) BSA (02%) = solution tripheate 20 3l tew

samples diluted 1 8 1n the NaCl Tween BSA soluna,
plus 100 to 150 ng of 1351 AlgG were added to the coa ed
tubes 1n 1 mt NaCl Tween BSA The tubes wee
ncubated further for 3 hours at room temperatur 1
unbound proteins and labelled reagent were remned by
washing three imes with cold PBS The bound cou s
were measured moa Biospan Sanullan n d taty
{Nuclear Chicago)

The analyucal error of the assay way determmd
through a period of § days 1n six different tests usr &
standard preparation of human ARG SDy,u was 00
of the CPM bound Results obtained with serum sam-les
from patients were expressed by a binding indx CPY
bound to Tg\ RF in the presence of nyrmal human
conteal sera/CPM bound to JeM RF wn the proered
patientser1 \ binding index of 1 4 tmean + DT 11
NIIS samples) or greater was taken to indate an 1€
postne sample Binding of AlgG to 168 NS ca
tubes was neghable A PBS BS\ {10 mg/mf) solu #
was substituted for the NaCl Tween BSA olutcnwhan
serum samples Wwere cxamined (see also p 1234

Other Assavs for Dorcetm «f Soluble IC

Some of the pattent sera examined With the <1
phase RE binding assay (B\) were testad 2l Y fric
actiity by 1 comploment consumption wsay (19308
two solid phase Clq binding assays (7 28}

Fusc £ Rocker Tmmun xlecire ph ress

The method deseribed by Sierisar (6 was v
Scrum fractions were antlysed by the e of ratht
ntisera to humn immunoglobulins 1nd atbamin The
<eri Were obtuned from Dakopatts  Copenht 7
Denmark nd Behrngwirke AG Marburg Bt
Gernany

Serun Snples

Ser1 from the following patient categon® “5”,‘
cxanuned  Toucteen patents with S F (medin 3¢ !
ringe 36~86) 39 Syrcordosts patients (medin 8¢ ,
ringe 21~62) wah hler) v l)mp?mdunn;u“
vertfied by N\ r1y ind bropsies 10 patienis with 3171’”
myocardnl anfarction (median age 85 ranee -
venified by chinical enzymanie and FCG caamimat &
and fintlly 19 glomerulonephritis pitients tmed A0 a:
37 range 11-67) Control strr were ohmnﬁ’wgm
thirty healihy donors (mediin age 36 range < w
Ining m the same ge dpraphical reston as the patients | s
scrum samples were kept in small ahqu #s 1t 50
until tested

RESUITS

Binding of 1S 1-AIRG to Iy M-RF Coated Tubes

Filty 75 and 100 ng of "1 AlgG were added
tubes coated with from 1 to 9 pg lgM RF wd @
tubes coated with the same amounts of the cont
IgM preparaion The tubes were meubated
three hours at room temperafure washed wih 3
and bound counts were determimed Fig | shows



that the most sutable test conditions defined as
difference between the capacity of IgM RF and
IgM NHS to bind the indicator added was obtained
when 100 ng of 1251 AlgG was teacted with § pg
1M RF Employing larger amounts of Ig\M caused
an ncrease 1n the background counts bound to IgM
NHS coated tubes Inaddiuon the results indtcated
that no further binding of AlgG (maximally |1 to
12%) was observed when the tubes were reacted
with larger amounts of Ig\{ RF

ng'231-algG bound

vg IgM added

Fg I Boding of ' 51 AlgG to solid phase 1g\ R
(ﬂkd svmbols} and IgM \HS (open symbals) 50 ng
136G Aand A 75 ng ! ‘13kG O and W 100

ng ‘1ARG Qand @ Range of tniplicate determina
tons (1}

¥g «lgG added

Fig 2 Comparison betueen rmner B

Detection of AlgG in the Presence of NHS

A companison between competiton and inhibt
tion assays was made and test conditions were
selected based on the (indings described above The
tubes were coated with 5 pg of the IgMRF
preparation as descnibed mn Materrals and Methods
100 ng of 125 AlgG and different amounts of
unlabelled AlgG rangmg from 9 ng to 6 2 pg were
ncorporated 1 1 ml of NaCl Tween BSA solution
contatning NHS at a final dilutton of 1 800 After 3
hours incubation at room temperature the tubes
were washed 3 umes and the results from the
competiion assay were recorded In the inhibition
assay the solid phase IgM RF tubes were washed
with the NaCl Tween BSA solutton and 9 ng to 6
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agglutination (LA) test Fractions with the highest LA
titers mn the IgM region were pooled and frozen at —60° C
1n small aliquots until use The protemn concentration of
the RF [gM containing pool was 0 6 mg/m!

RF negative normal human sera (NHS) were fractio
nated similarly by gel chromatography IgM containing
fractions from the same region of the elution curve were
pooled and stored at —60° C The protein concentration
of the contro! preparation was 0 5 mg/ml

RF-determmations
RF activity was demonstrated by latex globulin agglu
unation (22) and the immunodiffusion method by
Schalen & Christensen (23) In the agglutination assay
two fold serial dilutions of RA sera NHS RF positive
IgM and RF negative IgM fractions in saline Na
tetraborate buffer 0 05M pH 8 5 were added (25 pb) to
Takatsy plates and 25 p! of | 5 diluted latex globulin
reagents (Hyland) was mtroduced into each well The
reagents were mixed and the agglutinatton was recorded
after 20 hours sncubation at room temperature One latex
(LA) unit cor ded to about 200 ng of
the RF IgM preparation
The immunodiffusion assay was performed 1n 0 6%
agarose using 7 pl of a >22S fractton (10 mg/ml) of a
heat aggregated IgG (Cohn s fraction 1) fractionated on
Sephadex G200 in the central well Peripheral wells were
filted with 20 pl of undiluted patient sera and the plates
were 1nspected after 2-3 days incubation at 22° C In
order to distinguish between RF of IgM and IgG class the
sera were tested both untreated and after incubation with
0 15M 2 mercaptoethanol at 22° C for 2 hours

Preparation of 1731 labelled AlgG

Aggtegated IgG (AlgG) was prepared by heating 20
mg human IgG (Cobns fraction II Kabt Stockholm
Sweden) in | ml of a NaCl1 {0 10 M) Tween 20 (1 ¥)
BSA (02 ») solution at 63° C for [2 min Two mt (10
mg/mi) of the aggregated matenal was filtered on a
Sephadex G 200 column (26> 100 cm Pharmacia
Uppsala Sweden) equilibrated with 001 M Tns HCI
buffer contarung 05 M NaCl and 002 % NaNj pH
80 The column was run at 4° C flow rate 5 mi/hour

The fractions in the first peak (2 228) were pooled
and concentrated to 10 mg/ml lodination of the heat
ageregated matenal was performed by the iactoperoxt
dase method (31} The labelled preparauons (10-15
pCi/pg protetn) were separated from free 10dide on a
Sephadex G 25 column and stored at  60° C

F binding Assay
SD[]’-‘?vZ,m:ge If)f the IgM RF solution was added to
polystyrene tubes (11 x 70 mm Nunc Denmark)
contasning 1 mi 0 15 M NaCl buffered with 0 01 M
sodum phosphate pH 72 (PBS) and the lubes were
ncubated 1n a vertical position on a shaker for 20 hour;
at room temperature Controls included wbes lncuba::
with § pg of the control IgM preparauon and tubes
1ncubated with PBS only
‘After three washings with N
(1) BSA (0 2%) — solution

aC1 (0 10 A1) Tween 20
tnplicate 20 pl test

samples diluted 1 8 1n the NaCl Tween BSA solutw?
plus 100 to 150 ng of 1251 AlgG were added to the coatsd
tubes 1n 1 ml NaCl Tween BSA The tubes wert
incubated further for 3 hours at room temperature 380
unbound proteins and labelled reagent were removed by
washing three times with ¢old PBS The bound counts
were measured 1 a Brospan Scmntilaton detakr
(Nuclear Chicago)

The analytical error of the assay was determ 1ed
through a period of 8 days 1n six different tests usint2
standard preparation of human AlgG 5Dy, was 20V
af the CPM bound Results obtained with serum samples
from patients were expressed by a binding index T
baund to Igh RF 1a the presence of normal hurd?
control sera/CPM bound to 1gM RF i the presence of
patient sera A binding index of | 4 {mean + 25D farihe
NHS samples) or greater was taken to mdicate an i
positive sample Binding of AlgG to IgM NHS coaied
tubes was negligible A PBS BSA ([0 me/ml) soluton
was substituted for the NaC] Tween BSA solution w40
serum samples were exammmned (see also p 133

Other Assavs for Detcction of Soluble IC

Some of the patient era exammed with the sold
phase RF binding assay (BA) were tested also for ;
activity by a complement consumplion assay (19) o
two solid phase Clg binding assays (7 25)

Fuscd Rocket Invmunoelcctrophoresis

The method described by Syendscr (26} % \
Serum fractions were analysed by the use of mhbhe
antisera to human immunoglobulins and afbumiit L
sera were obtained from Dakopatts Copcnhncﬂ‘
Denmark and Behringwerke AG  Marburg wel
Germany

a5 ud

Scrum Samples "

Sera from the following patient categone “I
etamned Fourteen panems with SLE (medan age 5|
range 36-86) 39 sarcotdosis patients (median 3£¢ 3“
range 21-62) with bilateral hilar lymphoadenopdd li
verified by X ray and biopsies {0 pauents with zcuH
myocardial nfarcton (median age 5§ range 3 -
venified by chmcal enzymauc and ECG ctamma\w{E
and finally 19 glomerulonephrius patients {median am
37 range 11 67) Contro) sera were obmn‘wﬂ7 ﬁ;ﬂl
thirty healthy donors (meduan age 36 range 20~ 1
living tn the same geographical region as the patents cAC
serum samples were kept in smalt abquots at ~60
unuf tested

RESULTS

Binding of ! S1-AlgG 1o Ighf RF Coated Tubes

Fifty 75 and 100 ng of 5] AlgG were added ‘g
tubes coated with from | to 9 pg IgM RF and !
tubes coated with the same amounts of the contr®
IgM preparation The tubes were ncubated fF
three hours at room temperature washed with PB
and bound counts were determuned Fig | show®



that the most suitable test conditions defined as
difference between the capacity of IgM RF and
13\ NHS to bind the indicator added was obtaned
when 100 ng of '251 AlgG was reacted with 5 pg
1gM RF Employmng larger amounts of IgM caused
an increase m the background counts bound to IgM-
NHS coated tubes In addition the results indicated
that no further binding of AlgG (maximally 11 to
12%) was observed when the tubes were reacted
with larger amounts of IgM RF
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Detection of 8JgG in the Presence of NHS

A comparison between competition and mhibi
tion assays was made and test conditions were
selected based on the findings described above The
tubes were coated with § pg of the IgM RF
preparanon as described 1n Materials and VMethods
100 ng of '81 AlgG and different amounts of
untabelled AlgG ranging from 9 ng 10 6 2 pg were
mcorporated 1 § mlof NaCl Tween BSA soluuon
containung IVHS at a final dilution of 1 800 After 3
hours incubation at room temperature the tubes
were washed 3 times and the results from the
competition assay were recorded In the inhibion
assay the solid phase 1g\M RF tubes were washed
with the NaC)-Tween BSA solution and 9 ng to 6
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pg of unlabelled AlgG was added to the tubes 1n the
presence of NHS (final ditution 1 800) The tubes
were incubated for 3 hours at room temperature,
washed three times and 100 ng of 1251-AleG/ml of
NaC1-Tween-BSA solution was added After addi-
tional incubation for 3 hours, the tubes were
washed with PBS three umes and the counts bound
were determined The results were expressed as a
binding index CPM bound m NHS-contaming
NaCl-Tween-BSA solution/CPM bound 1n NHS-
and AlgG-contaming NaCl-Tween-BSA solution

Fig 2 shows that in the competition assay, within
the cc 10n range of inhibitor AlgG studied, a
TIinear relationship between the binding ndices and
the amounts of AlgG added was observed Conver-
sely, m the mhibpstion assay, sigmficant binding
indices (= | 4) were not obtamed, even when as
much as 6 pg of unlabelled AlgG was introduced
into the test system (Fig 2} A reduced binding of
the mdicator AlgG was observed when the reaction
was performed s the presence of dilute NHS as
compared to in the NaCl-Tween-BSA solution

This displacement was particularly marked (up to
40% reduction of binding tn NHS mulieu) when
small amounts of inhibitor AlgG were used (Fig 3)

Howeser, this displacement effect could be reduced
strongly by subsututing the NaCl Tween-BSA
solution with a PBS-BSA solution (10 mg BSA/

ml) Using this modification of the assay the degret
of indicator bmding was not sigmficantly reduosd
W hen serum protetns (NHS, | $00) were mtroduct
into the PBS-BSA solution (Fig 3)

Sensunn Profile and Reproducibibny of the
PRF-binding Assm

The sensitnaty of the pRF-BA was mesugatel
further as follows 50 ng to 15 pg of AlG ws
mcorporated tn NHS (1 800 in NaCl-Tween BS4
solution) and added to 1gM-RF coated and control
IgM 1ubes respectinely A compenmve assay wa
used and the amount of mdicator 11 8ksG was
100 ng Eleven different NHS were tested

The lintt of sensitrs ity of the test was found ok
between 300400 ng of AlgG m a dilute serum
miltey (Fig 4) The reproducibility of the assay w3
evaluated by repeating this experiment thrice m 0%
weeh Only mhibitor AlgG concentrations up @ |
vg/ml could be measured wth greater accuraes 1t
this region the analyucal error (ooefficient o
variation) varted from 6 to 12% of the !
binding

IC Actnany w1 Scra of Different Patient Groups and
Blood Donors

One hundred and six sera from 92 patents »¥2
different diagnosed diseases (see Materuls and
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TABLE t Binding fadices and Latex Agglutnanon Tiiers of SLE Sera before and afier Absorption Twuce to MlxG-

Sepharose
Binding Index*} Latexaggl titer
Serum Before abs. After abs Before abs Alter abs
SLE pauent | 174 167 \2%; iz
SLE pauent 2 196 153

21 Binding fndex

€pM bound 10 1M RF 1n the presence of hS
CPM bound 1o JgM RY in the presence @ M2~

TPV bound to g4 RF 1n the presence of patient seTum

Methods? were tested As controfs sera from 20
blood donors were mncluded A binding index (see
Materals and Afethods) exceeding 14 (mean
+ 25D for the NHS samples) was taken 10 indicate
C-postuveness The W dcoron test Tor two samples
was used to determune the significance limuts for the
ranked values of the normal population and each
patient group To rule aut the presence of free RF in
the sera tested Which by consumpuon of indicator
1 81gG could obscure the conclusions made from
% competitive 2ssay all sera were screened by the
mmmunodiffusion procedure and examed m the

“ latex giobuiin 2gglntination test Sera with demon

U
E
¢

|3

strable precipitin feactions and/or with LA tiers
exceeding the range found for the NHS samples
were dufuted § 80 and passed once or, when
necessary twice through 2 small Sepharose AlgG
ooluma oefore tesung {Tabie 1) The comparave
madence of positive reactions n the different
patiest groups 15 seen 0 Fig 5 The highest
frequency (53 %) of IC-positiveness was observed in
sera from panents with glomervionephrus High
binding 1ndices were found particufarly n certan
sera from SLE pavents {Fig 5) A few of these
SLE-sera which contamed free RF, remained
posstsve when retested after absorption on Sepha-
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pg of unlabelled AlgG was added to the tubes in the
presence of NHS (final dilution 1 800) The tubes
were Incubated for 3 hours at room temperature,
washed three umes and 100 ng of 15]-AlgG/ml of
NaCl-Tween-BSA solution was added Afier addi-
tional incubatton for 3 hours. the tubes were
washed with PBS three times and the counts bound
were determuned The results were expressed as a
binding wndex CPM bound in NHS-contaimng
NaCl-Tween-BSA solution/CPM bound i1n NIIS-
and AlgG contaming NaCl-Tween-BSA solution
Fig 2 shows that 1n the competition assay. within
the concentration range of inhubitor AlgG studied, a
hinear relationship between the binding indrces and
the amounts of AlgG added was observed Conver-
sely, 0 the wmiubttion assay sigmficant binding
mdices (=1 4) were not obtamned even when as
much as 6 pg of unlabelled AlgG was troduced
into the test system (F1g 2) A reduced binding of
the indrcator AlgG was observed when the reaction
was performed 1n the presence of dilute NHS as
compared to 1 the NaCl-Tween-BSA solution

This displacement was particularly marked (up 1o
40% reduction of binding in NHS mulicu) when
small amounts of intibttor AlgG were used (Fig 3)

However thrs displacement effect could be reduced

strongly by substituting the NaCl-Tween-BSA

solution with a PBS BSA solution (10 mg BSA/

ml) Using this modification of the assay the desre
of indicator binding was not signuficantly redosd
when serum proteins (NHS, I 800) were sntroduxi
nto the PBS-BSA soluuon (Fig )

Senstinity Profilc and Reproduatilis of the
PRF-binding Assa

The sensitvity of the pRE-BA was mvesugated
further as follows 50 ng to 15 pg of AlgG ¥
incorporated 1n NHS (1 800 1n NaCl-Twecn B4
solution) and added to IgM-RI coated and corise
IgM (ubes respectively A compelinve assay w&
used and the amount of indicator 1 AlG %
100 ng Lleven different NHS were tested

The trmut of sensitivity of the test was found tote
between 300400 ng of AlgG n a dilute servn
milieu (Fig 4) The reproducibibity of the ssay ¥
evaluated by repeating this experiment thrice o
weeh Only mhibitor AlgG concentrations wp1o |
wg/ml could be measured with greater Accurc) In
this regron the analyuical error (cocTierent of
vanation) varied from 6 to 12% of the
binding

IC Actin it Scra of Different Paticnt Groups and
Blood Donors

One inundred and six sera from 92 patents Wi
different diagnosed drseases (see Matenals ¥
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15 presently atterntpted by using a covalently €ross
Linked AlgG pregasat on

The solid phase pRF BA has the advantage over
(he monoclonal RF preciprtation technique desen
bed by Wnchester et of {35) of greater seossivity
The threshold of 1C detettion i the latter 8
approuimately 20 pg/mt while the solid phase RF
BA could detect 300400 ng of A1gG Lurkuma et
af (14) described a method 1n whach IC 35 measured
1n terms of 1ts inhibitory effect on the RF of Cly
agglunnavon of 1gG coated partiles The lower
derection bt 1n this 25say was 26 pg aggregated
Gl wben Cla, was used and about 140 yg/ml
for the assay based on RF The method described by
Cowdery ef af (4)m which soluble IC are detected
by therr shibitory effect on the precpuation of
aggrepated L 1gG RF was reported to detect as
littfe as 125 ng of soluble complexes However this
assay s fess sustable for routtne use as « takes 4
days 10 pesform 2 single test Gabriel & Agncilo (8)
receotly deserbed & relatuely swagle and sensttive
assay based on the mhibition of 141 monoclonal RF
biading to 126G A disunct ad of

groups were observed The highest frequency of IC-
oSk T2ackinns was noted n sefa from patients
with glomerulonephniis and SLE

The highest bradiag wdices i the pRF BA was
obtained with sera from SLE pauents In order to
rule out the interfesing effect of free RF el sera
were screened for RF actvity and RF posiuve sera
were dilted and passed throuth a small Sepha
sose AlgG column prior 1o testing by the pRF BA
This treatment reduced the binding indices 1 the
pRF BA but most SLE sera remained IC positive
after removal of free RT

About 40% of the serum samples from patients
with acute myocardtal infarction showed detectable
IC activity when taken S-10 days afier nfarction
while only 14% of the sera coliested 35-45 days
after the infarction were positive  Autowmmune
reactions have been suggested Yo ptay a pathogeme
role in myocardial disease Antr heart tissue antibo-
dies were reported by Fan der Geld (32)1n patients
suffering (rom  postmyocardial infarction  syn
drome Furthermore deposuts of immunoglobulin

this method 15 that free polyclona! rheumatoid
HI0rs ere feporied not 10 wnesfere sigmficanly
witht the assay Companison of results obtamed 1n
| ferent Jaboratories may however be thificult of
nofoclonat RF of different specificities are used

Recent studies dentifying immune completes by
herr reaction with Clq have made use of the
srecipianon of 1C bound to 5] Clg (20 3D or
“lyd phase Clq binding assays (7 8 11 25) These
methods are capabie of detecting as lutle as 1 pg
AgG/m) but one hmutateon of these assays 15 that
they only measure complexes with complement
foung acuvity Platelet aggregayion on the other
ard 15 a non-complement requising tughly senst
tve assay for demonstrauon of soluble IC Home-
ver only few investigators have been able 1 master
this techpique which requires fresh platelets for
tach assay 121)

Test material containing free RE will mterfere
wih the PRF BA by consumption of indicator

141¢G but this problem can be circumiented by
dilsting the samples and passtng them through a
small column of AlgG Sepharpse prol 1o tesung
{14} (Table 1) The presence of monomeric 138G
the difuted serum did not seem 10 interfere wirh the
PRF assay As Intie as 400 ng of aggregated 13G
could be detected even i the presence of about 40
l]u!(\;m gher concentrauon (16 ug) of monameric
g

The scidence of 1C reactivity was studied 1n
dulferent patient groups by means of the pRF BA

and signficant dafferences (p<0 D)) between the
contenl cora (NHOY and aes £

srtain patient

and p an the surface of the myofibre
were found 1n bropsy specimens of chronic myocar

dial disease by Hatle & Mefbre (10) The localization
of thes¢ deposits suggests an autoimmune reaction
1 antigens of the fibres but 1t 3s not known whether

the depsits represent prumary or secondary events
10 the Asuslammmon € & .

PR

o -
infarchions with an mtenal of 2bout twenty days
demonstrated two peaks of 1C actvity tmmediately
after the fisst and the second infarcuon respectsvely

The first peak cotncided with IC reactivity demon

strated 1n the CC test whereas the second peak was
detected by the pRF BA and the Clq BA only The
differential reactivity 1n the four tests used for IC

detection may be due to differences In complement

fiting ¢apacity of IC tn IC size and the immunoglo

bulw glass or subclass primanly wvolved 1n IC
formatson

—
The skilled techmcal assstance of Mrs  Efsebesh
Thomse 1 and Lise Schrader and the excellent secrelarial
assistance of Miss Eischul Orthman: s gratefully
acknon fedged The sarcoidosis sera were kindly supphed
by Dry K Christensen and G Palf sgaoed sera from
PpAlents with acute myocardual infarction by De B B/ i
and RA sera by Dr P Jelhy Aderse) Ths work was.
suppored by the Dun sh Med cal Research Ceuncrt
iproyen mo 592-1193 and 5323089 Jngenra 1 O
Buck x Foundaton the Natonal F undgrmon frthe
Prevent n of Tuberaulns the Foundar n Dr e
Advangoment of Med cal Scicnce and the Da sk Deref
g Ageney IDANIDA)
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Days after mfarction

Fig 6 1C reactyvity 1n consecutive serum samples from a hospualized patient with acute myocardial nfarcuon
patient had a second jnfarction abour three wecks after admisston to the clinic  ASAT enzyme values 1

assays for IC detcetion were used Solid phase pRF B A

complement consumption __ sold phase Clqy

1251 AlgG as test probe — — <ofid phase Clg BA using } 3 protein A as lest probe ~

rose AlgC cofumns (Table ) The medsan binding
wndex was significantly increased in four patient
groups SLE (\Med 141 p<00() sarcoidosis
{Med 130 p<<001} giomerulonephritis (Med
144 p<001) and acute myocardial infarction
(serum samples collected 5 w0 [0 days after
snfagcion Med 130 p<<0 01} when compared 10
the normal serum population (Med I (8)

Kencucs of {C appearence in Patients witlt Acute
Anvacardial Infarction

The kinetics of airculating IC appearence 1n 4
AMI patients was studied by testing consecutive
serum samples 1 the pRF BA a complement
consumption (CC) assay {19} and two Clq binding
assays {7 25) The temporal reflationship between
ASAT (aspartate anunotransferase) values and the
1C positiveness dicated by the four methods for
{C detection 15 1llustrated for one patent in Fig 6

Formation of soluble IC after the first infarction
(first sharp increase 1 ASAT values) was indicated
by the RF binding assay and the CC test but not by
the Clq binding assays which preferennally detect
1C of mtermediate and small s1ze A second peak of
{C veactivity wds recorded 1n this pauent by the
Clq binding and RF binding assays at about four
weehs after the admittance (o the clinic This was
unexpected and TOA oorrned 3 other AMI
patients which were monnored for 1C reactwaty by
the same iesis lowmever subsequently recerved
ASAT values revealed that s pavent sulfered a
second smaller infarchon 3 weeks after adoussion

to the chinic

.

Molccular 8t ¢ of fmmine Complexes D it
PRF bindign Assa

Sera from two IC posive patents weré Ir2
nated on a Sepharose 2B column using destsan?
1gM and IgG as markers and eluted fractons '
monttored by the RF BA 1n an attempt (o &St
the size of the IC detected IC reacumty
observed In the approximate molecular w¢
range from 2 to 5 x 10%

DISCUSSION

Several tect have been for
detection of circulating antigen antibody compl
11 pathological sera Some methods mahe Use of
binding of IC to Clg rheumatod factors
conglutimins (4-8 11 J4~16 2024 25) W€
others are based on the bindng of 1C 1w ot
receptors (21 29)
The primarv purpose with the present study
to develop a rather simple and sensiuve RF o
assay for IC determination as a supplement ©
various Clq and complement-dependent a5<'
current use The sohd phase pRT binding 2
described here s rather easy to perform suffic®
sensitne and the analyncal ertor determined
testing the inhibitory capacity of unlabelted &
over a period of one weeh  Was conside
acceptable  The vapauon within days 15 primad
due to the relative mstabihty of the mdic
251 AlgG preparations since the RF activity of
IgM fractton used remained stable Over a pefioc
onc year A Stabilzation of the indscator 124 BIEV
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CYTOLOGICAL EVENTS IN ALLO-STIMULATED
LYMPHOCYTES TRIGGERED
BY EXPOSURE TO STIMULATORY ALLOANTIGENS

1 Changes in Cell Stze the Mitockondrial A real Density and Numerical Density of the
Endoplasmuc Renculum and the Golgt Apparatus
POUL BRIX POULSEMN

Anatomy Department B Unisersty of C n
Denmark

Dh 2200 C: N

Brx Poulsen P Cytolog:cal events 1n allo-sumulated fymphocytes inggered by exposurt to stumulatory
alloanugens 1 Changes 1n cell size the mitochondnal areal density and numenical density of the
endoplasmuc reticutum and the Golg: apparatus Acta path microbiob scand Sect C 87 131130 1979

B2 iymphocytes were MLR sensiized against H 28 alloanuigens and incubawed wih H 2%
mastocytoma cells The inferactions between lymphoid cells and mastocytoma cells were stopped by
fitat on with glutaraldehyde Mastoeytoma cell lysis was evaluated by the release of 3'Cr from 3'Cr

lsbelied mastocytoma cells Changes 1n cell sze the amounts of mutochondria endoplasmic renculum
and Golgt apparatus of the lymphocytes were examined and quantitated after 20 and 30 unutes and
12 3 and 4 hours of interacuion wath the mastocytoma cells The stmutated lymphocytes were of two
disunct types a small type with a heterochromatic mucleus and few orgenelles (apart from an
abundance of free ribosomes) and a larger (ype with more eucromaci of the nucleus The small
lymphocytes showed no increase tn cell size or changes 1n orgagelle fracuons durning mnteraction with
the mastocytoma cells The larger lymphocytes increased sn diameter during the first 3 hours of
nteracion with the mastocytoma cells Within the first hour of interacuon the large lymphocytes
exhibited interdigitauons with the plasma membrane of the mastocytoma cells The mitochondnal areal
deasuy of the large lymphocytes increased durmg the first 3 hours of snteraction The numerncal
densiy of endoplasmic retculum 1n the large tymphocytes increased during the first 3 hours
wnieracion whereas the actual concentraiion was highess at the beginming and decreased unul 2 hours

afier which 1t increased The concentration of the Golgt apparatus was also highest at the beginnung

The number of Golg1 cisternae per lymphocyte imcreased duning the first 20 minutes and afier a delay

tncreased again from 2 to 3 hours of iateracuon  An increase in the toal number of Golz stacks

however first appeared afier 30 munutes of mteracuon Terms used Areal density = area s percent of
Topiastuc area Numencil densuy - aumbers on cyloplasmie sechons

Rey words Lymphoid ceffs lysis mutochondria endoplasmic reticulum Golgr apparatus

P Brix Poulsen University of Copenhagen Anatomy Department B 71 R
Copenhagen Denmark
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with ant 8 antiserum  and

(ml‘l“su;g‘ ;l::xx;nphormmlly separated T and Bcells  respond to MLR (Moster & C?:Z‘:}in;;?!) € ro

e Dyu:;\ephlocyuh culture Arramon MLR) Target cell lysis mediated by lymphoid cells from

oyt mouse | L'ﬁgamn ndersson et al  alioimmunized mice proceeds 1n three phases the

Mo 1onc that T-celis alone respond inthe MLR first one (adhesion or recogition phase) and th
~'=-* o T-oells by treatment  second one {the lethal hit phase) are effector oelel
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Fig 1 The shaded area indicates the secant plane

The control lymphocytes and the SH-lymphocy-
tes however, showed no significant increase n cell
area or i cell morphology after 4 hours of
1ncubation with the mastocytoma cells

Changes in cell size and morphology At the
L of with the
cells, both types of lymphocytes were present The
LE-lymphocyte had 2 diameter of 55 p, the SH-
lymphocyte a diameter of 4 | p Table § shows LE-,
SH-, and contro! lymphocytes at various intervals
duning the 4 hour interaction  After 3 hours the
diameter of the LE-lymphocyte had increased to
138 p or 250% (Fig 2-4), and the area had
wmncreased by approx 450% (Fig 5) The increasing
rate 1s most pronounced from 0 to 20 minutes after
interaction with target cells (0 01 < p < 002)

After interaction with the mastocytoma cells for
30 minutes the LE-lymphocytes showed spotlike
protrusions and invagmations of the plasma mem-
brane (Fig 6) From 30 mumutes to | hour of

The endopl reticulum was by
counting the number of cisternae per pcytoplasma The
Golgt fracuons were quanutated by countng the total
number of Golgs isternae the number of stacks per p?
iaplasma and the number of Golg: crsternze per stack

Ta each observaton period 30 to 40 effector cells
sumulated agamst H 29 alloantigens were counted along
with equal numbers of effector cells stimulated against
H X alloanugens

Quantiation of SICr reease The method 15 described
3 pervious article of Briv Poulsen et af (1975)

RESULTS

Morphologically distnet cells types The stimulated
Iymphocytes were morphologically of two distinct
ypes A small type tymphocyte with 2 heterochro
matic nucleus (SH Iymphocyte or small hetero-
chromatc Iymphocyte) anda large type lymphocyte
®ith more eucromati of the nucleus {LE lym
phocyte or large eucromaue {ymphocyte)

'.l'hi SH lymphocyte showed small and few

an aby of free ribos but
only littel endoplasmec reuculum (Fig 2) The LE-
Iymphy howed

at

sho h: only
the nucleolemma and in the form of small slets

several mitochondria but fewer free Tibosomes and
more granulated endoplasmic reticulum than the
SH lymphocyte (Fig 2)

The LE lymphocyte concentration was 60 to 80
T ocent of the total number of stmulated
lymphocytes and Temained constant duning the four
hour observation penod

The LE Iytphocyte  stimulated
alloantigens wil) 10 the fof
control lymph(xy\rs

agamnst H-2x
llowing be referred 1o as

with the cell,
tions developed between the plasma membrane of

Fig 2 Sumulated
MLR represenus
of eytolysis 2} SH tymphocyre by
Magnificavon 11 570 % o B

T lymphocytes

fixed afier 4 days
ng the lymphocytes from the begmning

LE tymphocyte



dependent and can be inhibited by EDTA or hepanin
(Martz & Benacerraf 1973 a & b) the third phase
(the phase of target cel disintegration) 1s effector cell
independent (Golstern & Smuth 1977 and Martz
1977) Berke et al (1972) found a lag period for
mtiation of cytolysis of about [0 munutes whereas
Mariz (1976) described a firm adhesion between
cytotoxic T-lymphocytes and target cells within |
minute and 6 menutes fater the target cell became
»programmed to lyse«

Despute intensive electron microscopic observa-
tions the subcellular changes (tn immune T-
tymphocytes) medmating target cell lysis are still
unknown Using PHA stimulated T-lymphocytes
Biberfeld (1971) observed that lymphocytes usually
attach 1o the target cells by therr cytoplasmic pole
This pole contains the Golg: apparatus and lysoso
mal structures Biberfuld & Johansson (1975) have
shown that there 1s no focal membrane changes
such as deletions membrane fusion or junction
type of membrane specralization during the interac
tion betecen the lymphocytes and target cells
Liepins et al (1977) observed interdigitation of the
cytoplasma membranes between mmunized T-
lymphocytes and the appropriate target cells within
the first 15 mumutes but found a decrease of
surface projections from the lymphocytes after 60
munutes nteraction with the target cells

The aim of the persent study was to further
examine the cytological changes in ymmune lym-
phocytes mediating target cell lysts during the first 4
hours of cytolysis espectally alterations sn cell size
and the amount of mitochondria fractron endoplas
mic reticulum and the Golgi apparatus The present
observations may provide new knowledge for a
better understanding of the mitial acuvatton of T
Iymphocytes medrating target cell lysts

MATERIAL AND METHODS

Anunals  Mice of nbred strans DBA/2 (H29)
CSTB1/6J (11 29 and C3H/HeJ (1 2%) were obtaned
from G| Bomboltgaard Laven Jutland ¥y hybrids of
C57B1/6] » DBA/2I and C57B1/6] x C3H/Hed

were bred at the lnsutute of Medical \natomy

Copenhagen
Cells  Effector cells C57B1/6] lymphocytes from
2 ty mnh nodes Stmdator cclts F{CSTB1/6]

4 lymph nodes

x C3H/Hel)

ymph noues Targef cefls
4 24 onigin
Statens

Ilymphocytes fron spleen and I
'l¥hcptumour P 815 X2 mastocytoma of the ¥
was kindly donated by Dr Bt Rubin
Serummstitut Copenhagen

Cell preparation Spleen and {ymph nodes \;erc
obtamed  asepuicatly and homogenized by gnin g
through Monodur® PA extra stark 400 The cells were

washed once tn 4° C phophate buffered sehne plf
{PBS 420 Gibco} and the cell debns was 21l we
settle Then the cells were spun dow n and resuspend
156 6 mM NH4C! in distlled water at #C1i
minutes disrupting the erythrocytes Afler three w:
the cells were resuspended 1n culture media and cov
Cultnation medmwm 500 ml RPMI 1640 25m\t
Hepes buffer (240 S Gibco) contarning 25 ml{
foetal calf serum (629 Gibeo) § ml{1%) Lghts
200 mM (503 Gibco) 125000 tu Pemalln O\
005 g Streptomycinsulfat (Novodand § x 10 I
mercaptoethanal
Stimulation of hmphocytes 30 x 108 stimulatot
or weontrol stmulator cefls « were mived Rah ¢
cells 1n Falcon tssue culture flash No 3018 wik !
cultivation medrum and stored for 4 days 3t 37°C
atmosphere containing 5% €Oy
Citohsis  fixation and embeddine Dav 4
intiating the sumulation  the lymphocyte susper
were counted muxed with mastocytoma cellsma
lymphocyte mastocytoma cell rano adjusted 10
105 cells per ml cultivation medmm and shaked
At ume zero 20 and 30 mumutes and 1 23
hours after mixture the cell suspensions Were
down at 400 g for 6 mmutes
The cytolysis was stopped by fitanon 0
glutaraldehyde i 0 | M phosphate buffer (pH72
C for 12 hours The cells were than wached for2
minutes 1 0 1 M phosphate buffer (pHl §2at
Post fixaton was performed m 2% 00 m ¢
phosphate bufTer (pIl 7 2) for 2 hours at ech
were then washed 10 0 1 M phosphate buffer &l
4°C for 10 mimutes and three tmes for 30 mn'
40 C in disulied water Subscquenty the e
placed 1n 0 §% urany! acetate 1 duotilled water !
hours at 40 C and finally washed for 20 panues2
In distifled water The celis were thea dehydrd
increasing concentrations of ethanol and embed:
Epon 812
Electron mcroscopy Stlver to gray thin section'
cut on a LRB Ultrotome starmed with urany] acet?
lead citrate The cells were then examned and |
graphed using a Philtps FAl 300 efectron O
an accelerating voltage of 60 kV

Quantitation and staistics The total cellareas 0

cell and areas of thewr cytoplasma and mtocht
were and Hy with i
h th

A S M image system Planes were cut througl
at vartous areas The medran alue of the cell plant
1s equnsalent to the arexs of the secant plane hatf a
from the center of the cell (Fig D and 18 ¥
calculate the diameter (D) of the cell as follows »
= the meduan cell area value
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Fig 5 The curves fllustrate e areas of secan planes 10
relation to ume of wnteracuon with the targer cell The
median ard the 95% probability for the median are

be control lymphocytes

Changes wt endoplasmuc reticufum  The LE
0 €u on RO amdanlac
. .

< 000) afier 3 hours of nteraction With the
mastocytoma cells 67 9% of this increase oecurred
at 2 to 3 hours of mnteraction {(Fig 10} However
expressed as osterna per w cytoplasma  the
endoplasmic reticulum was most concentrated at
ume 2er0 with 9 38 asternae per p? cytoplasma
Feser osternse per y° cytoplasma would be
expected o there was no syathesis while the
eytoplasmsc volume increased Table 2 column 3

lusteates whether there was synthesis or destrue
tion of essternae

Fig 7 Inserdignation of the plasma membranes of target
el (T) and the Large suckromae lymphocyte (L) after
one hour teraction The arrows indicate parts of
Iymphocyte nside target cell Magmificauon 32 710 x

Fig 6 Large euchfomauc tymphocyte (bottom) ajter hall
an houy 1Areraction With target cells showng & spotfike

protrusion itk wvaginations {arrows) Magmficauon
12500%



TABLE | The Relationship between Time and Daameter of Lymphocytes during Interaction wuh Target Cel

Time of Diameter of Diameter of Diameter of control
ncubation LE lymphocytes® Iymphocytes® phocy

(hours) () () ®
0 55 41 59
1/3 86 4] 71
172 95 49 83
1 102 51 86
2 108 61 15
3 138 63 70
4 18 56 74

) LE-lymphocytes = large, eucromatic lymphocyte

non

b) SH lymphocy small, h Iy

phocy

the mastocytoma cell and the LE-lymphocyte (Fig
7). leading 1n rare cases to long, slender protrusions
of the LE-lymphocyte imto sheaths from the
mastocytoma cells (Fig 8)

Changes in the nutochondrial densiy Within 3
hours nteraction with the mastocytoma cells, the
LE lymphocytes showed an increase from 3 3% to

Fig 3 Large euchromatuc Iymphocyte alter h;;lggr;hour
interaction wth target cells Magmfication 7
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Fig 4 Large euchromauc lymphocyte after 3 hout

interaction with target cells Magntficaion 5 540 %

76% of the mitochondrial density (p < 00
followed at 4 hours by a pronounced variation
the mitochondrial density (Fig 9)

There were no sigmificant changes tn the mt
chondrial areal density of the control lymphocy
or the SH-lymphocytes during the obsenati
period
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2 of Cotoplasmic Area in LE hmphocyte in.
Chi 1n Number of Endeplasme Retculum Cisternae per p? of €3,
TARLE 2 Chanse I Relatton to Time of Inferaction wth Target Cell

Cistarnae Ravo?
Tume of 1E tyraphocyte?! Contral cells e LE tymphocye
‘g“:"ﬁf No/u? Nofu? No/No
938 962
" 426 478 187
172 439 i 1
t 361 302 123
2 403 457 120
3 4 383 181
4 491 303 054
Y LE flarge mphocyle

®) The number of cisiernat per p2 cyloplasma of LE lymphiocyts over the expected number per 12 cytoplasma 1 there
28 10 formancn and desyachion of tsizrnae from the preceding observation me

3 > | means formation grearer than destrycuon
< | means formation Smaliet thag destruction
~ | means formanon equal With destruction

The number of Golg! cisternae per stack ncrea DISCUSSION
Sed immedtately untif 30 munutes decreased untid
o hours and then increased agan dunng hout
o to three of the mietacyon

Cyotoxictty enaluated with 3Cr release assay
The MLR Iymphocytes of H 28 onigtn sumufated
fgunst the mastocytoma cells of 124 origin
Benerated 3 specilic release of * Cr from 91 % of the
* Cr labelled mastocysoma cells whereas the con
Wol mphocytes (Sumulared 2gastst J 24 only
Benerated a specific velcase on 22% (Table 3)

It has been shown that 1 parent — Fy mixtures of
ymphocytes few of any ¥) celis divide despite
proliferation of the parental cefl {Wilson 1967
Wison et al 1967 Marrison e al 1968 and Clancy
& Rieke 1969) Furthermore n preceding evpen
ments {unpublished) it was shown that afier 4 days
of R-culty i which

celis from F( hybnds have been ureated with
mitomyan i not contun fewer blast cells than
MER-cultures in which the stmulator cells were

ABLE 3 Change us Numerscal Density of Stacks and of Gulgs Cixternae 1 LE Iymphocy1e?) n Relazion 1o Teme of
Interaction wish Targer Celf

Change 1n the Golgr

Golgt cisternse per Stacks per y?cyto-

W‘w‘ﬂ of fraction cisterna fraction stack pe plasmap:( zu:z’ml

s wlumn | coumadd  column3  cobumn 4% cofurnn § cells
No/p? No/Moesp No/y? No/Noexp Ne No/p?
M 0144 0466
an 0

g r;m 8055 094 0205 109 378 4 (%

oo 2023 068 0134 080 470 0067
Ypour 0428 122 012 096 439 8063
/,Q“ 0028 2 0099 09y 347 8057
7o 0425 192 0144 236 585 o0
! %::?:‘Lm Yarge eucromatc lymehocyte
4 Yerew .

A Rreater

. wul lidue
v welluusonon and ~ 1 indicate formation equal to destrucuo
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Fig 8 Interdigitation of the plasma membranes of target
cell (T) and the large euchromatic lymphocyte (L) after {
hour interaction The arrows indicate protrusions of the
lymphocyte 1n sheaths from the target cells Magmifica
tion 14,980 times

Changes in the Golgt apparatus The concentra-
tion of stack per p? cytoplasma of the LE-
lymphocyte, was highest at the beginning of
interaction with the mastocytoma cells (Table 3,
first column) The number of stacks per LE-
lymphocyte decreased during the first 30 minutes of
interaction, after which the number of stacks
ncreased Fewer stacks per p? would be expected 1f'
there was no synthesis while the cytoplasmic
volume increased Table 3 column 2 ilustrates
whether there was synthesis or destruction of
stacks

The concentratton of Golgi cisternae per p?
cytoplasma of LE-lymphocyte was also highest at
the beginning of the interacuon (Table 3, third
column) but the number per cell increased during
the first twenty mumutes of nteraction From
twenty minutes to two hours interaction the
number of Golgi csternae per LE-lymphocyte
cytoplasma decreased followed by a profound
1ncrease during hour two to three of the interaction
Table 3 column 4 illustrates whether there was
synthesis or destruction of Golgt cisternae
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Fig 9 The curves illustrates the areas of mitochondnd
planes 1n per cent of the total areas of cytoplasma plinss
of the LE-lymphocytes (upper graph) and conttl
lymphocytes (lower graph) in relauon to ime The 5%
probability of the median 1s 1ndicated for each cune

800

5

S600

3

8200

b

&200

&

&

2 o oo
0Bl 1 2 3 hou

& %

% 200

;EHL#‘L/*”

£ L%#__;_L)

§ 0 oY1 2 3hrs 4

Fig 10 The curves illustrate the numbers of ER-cer®
per cytoplasm planes of the LE-lymphocyte (0FF€f
graph) and contro! lymphocytes (low er graph) m u[.luag
10 ttme of nteraction with the target cell The mediat "_h
the 95% probability of the median 1s indrcated for e
curve



ABLE 2 Change in Number of

Endeglasmic Retculum Cisternae per y? of Cytoplasmuc Area in LE bmehocyie in

Relaton 1o Tume of Interaction with Targer Cell

Time of Control cells Cisternae Rato®
u LE lymphocyie?! ntrol €2 1a LE Iymphocyte
‘(Yh:}";‘)‘ Nofu? Nty “of%o
° 918 962
3 446 418 187
12 439 323 133
1 361 302 123
2 403 457 120
3 419 363 181
3 493 303 054
B 1E of large

b) The aumber of Cisternae per 2 cytoplasma of LE lymi

phocyte over the expected number per 1 eytoplasma o there

w5 po formation 3td destructon of csternae from the preceding observation ume

3 > | means formaton greater than destrucuon
< 1 meaps formaton smaller than destruction
= 1 means formavon egual winth Gestruction

The pumbes of Golgs cisternae per stack acrea
sed inmediately uati} 30 nunutes decreased until
8o hours and then increased again during hour
0 10 three of the interacuon

Oytotoxicaty evalusted with 3'Crerelease assay
The MR Jymphocytes of H 2 ongin sumulated
2gamst the mastocytoma cells of H 29 ongin
generated a specific release of $1Cr from 91% of the
ICr labelled mastocytoma cells whereas the con
trol lymphocytes (Sumulated agamnst H 24 only
generated a specific refease on 22% (Table 4)

DISCLSSION
It bas been shown that in parent ~ F, mxures of
Iymphocytes few 1if any F, cells divide desprie
probiferaion of the parental celt (M dson 1967
Wlson et al 1967 Harrison er of 1968 and Clanoy
& Rieke 1969} Furthermore m preceding expeni
ments (unpublished) it was shown that after § days
of sumutaton MLR-cultores sn which stmulator
cells from Fy hybrds have been treated with
mitomyain did not contam fewer blast cells than

MLR<ultures i which the sumulator cells were

ABLE 3 Change in Numerical Density of Stacks and of Golgt Cisternae sn LE Iymphocy 13 va Relation to Time of
Interaction with Target Cell

Change 1n the stack

eof Change 1 the Golgr Golgr cisternae per Stacks per p2eyto-
oty - fracuon cisterna fracuon stack plasma of control
bmn | eoluma?®  columnd  columndd olumn § cells
Mo/l No/Noexp Noful  No/Noep ~o No/p?
0144 0466 322 0
:‘x: 0055 094 020§ 109 378 a ?(Zl
o 0028 068 0134 080 470 0067
o 0028 2 0122 096 439 0063
fo 0028 12 0099 o9 347 0057
ooy 0025 192 0144 236 585 0072
0033 109 0207 103 465 0069
LE tymphocyte = farge eucromatc
lymphocyte
‘T:;::u::e:rmm of Golg: isternac per p2

Cytoplasma of LE Ilymphocyte over the expected pumber 2 eytopl
Pt dl’umnmn 204 destrucuon, indicate the change due 10 ¢ell volume changes v alves >lp:l:x:u=rg !omm
estruction < 1 indicate formation Smaller than destrucuon zad — | 1ndicate formauon equat o dam
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Fig 8 Interdigitation of the plasma membranes of target
cell (T) and the large euchromanc lymphocyte (L) afier |
hour interacuon The arrows indicate protrusions of the
lymphocyte i sheaths from the target cells Magnifica

tion 14,980 times

Changes i the Golg apparatus The concentra-
tion of stack per p? cytoplasma of the LE-
lymphocyte, was highest at the beginning  of
Interaction with the mastocytoma cells (Table 3,
first column) The number of stacks per LE-
lymphocyte decreased during the first 30 minutes of
interaction, after which the number of stacks
increased Fewer stacks per p2 would be expected 1f
there was no synthests while the cytoplasmic
volume increased Table 3 column 2 illustrates
whether there was synthesis or destruction of
stacks
The concentration of Golgt cisternae per p?
cytoplasma of LE-lymphocyte was also highest at
the beginming of the interaction (Table 3 thyrd
column) but the number per cell increased duning
the first twenty mimutes of interaction From
twenty minutes to two hours interaction the
number of Golg1 cistermae per LE-lymphocyte
cytoplasma decreased followed by a profound
mcrease during hour two to three of the interaction
Table 3 column 4 illustrates whether there was
synthesis or destruction of Golgi cisternae
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Fig 9 The curves tlustrates the aeas of mitochondr
planes in per cent of the total arcas of cytoplasma plane
of the LE-lymphocytes (upper graph) and conuol
lymphocytes (lower graph) in relation to time The 9%
probabulity of the median 15 indicated for each curve
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Fig 10 The curves illustrate the numbers of ER-Gistern?
per cytoplasm planes of the LE-lymphocyte {Uppe!
graphl and control lymphocytes (lower graph) in relabod
10 ume of interaction with the tarpet cell The median an:
the 95% probability of the redian 1s indjcated for each
cune



jdged from the observation of gltrastructural
changes From the third to the fourth hour of
(nteraction with target cells only small changes are
observed in the concentration of Golgs cisternae as
well as of whole stacks 1n the blast kiffer cell This
observation 1n connecuon with the decrease 1 celt
sze may mndicate a great decay of whole Golgr
stacks

The conclusion must be that the small blast cell
on the fourth day of MLR has 2 large amount of
endoplastue retculum ready for fast synthesis of
extra Golg1 cisternae for the first generation of
Golgy apparatus and the formation of the second
Golgr generaion after one hour of mteraction
Furthermore the Golgt readiness of the first
generation which 1s 1ncreasing from the onset of
nteraction decreases quickly after twenty minutes

The readiness of the endoplasmic reticulum and
the f'rst generation of the Golgi apparatus m the
blast cell at the onset of interaction with target cells
tnay explain the observation by Berke et al (1972)
“who found a tag pariod of only ten munutes for the
mtiation of target cell lysis It has also been shown
by Mar~ (1976) that an electrolyte permeable leston
1s produced 1 the target cell membrane within
minutes following contact with the cytolyuc T
lymphacytes The cytolysis of tacget cells produced
by the cytolytic T lymphocyte 15 divided in thres
phases The recogmitzon (adhesion) phase  the fethal
it phase and the phase of target cell disintegration
Golstem & Smuth 1977

For specific recognition and adhesion 1n the first
Phase receptors at the surface of the T lymp! 15

which may be a reflection of evtra need for
oxtdation 1n this period The vanation between the
1ndividual cells at certam times 15 however rather
large and may reflect cells with a different need for
aerobic otidation or a varation in the possibihities
for acrobic oudation n the cells

After four hours of interaction with target cells
the areal denstty of mitochondria in the killer cells
varies strongly from cell 1o celt This inducates enher
a difference 1n need for oxdation or rather a
difference 1n possibilities for breaking down surplus
mutochondria matersal The great vanation might
dicate that the blast cells constitute more than one
funcuonal poputation

Two unclanified aspects of our experiments are
that 1t 15 not possible to determine 1) which of the
Iymphocytes are the cytotoxic ones and which ones
are the »bystander cells« and 2) whether or not all
the tymphocytes are corung in contact with the
mastocytoma cells tn spite of shaking

In a previous paper Brix Poulsen et al (1975)
acd phosphatase was found in jysosomes of
sumulated T lymphocytes after 20 munutes of
teraction with the target cell In the present paper
some of the prerequisites for the synthests of
lysosomes are stated the readiness of the endoplas
mic retcutum and the Golgs apparatus of the blast
cell A prerequisite for the blast cell to increase its
diameter from 5 5 pto 13 8 4 1s a sufficent uptake
of building materials that possibly have to be broken
down 1n lysosomes before incorporation into the
cell membrane The next papers will deal with the
i f

necessary  An increase in ntracellular transport
from the Golgs apparatus of membrane materuats to
the cell membrane might provide not only an
Increase in cell size but also an increase n specific
stuctares on the eefl surface necessary for the
recogrution and adhesion The first Golg: generation
may be responsible for the intraceltular transport of
matenals to the cell membrane 1 this first phase
The mutochondriat areal density varies

of and vacuoles together with
uptake of extracellular matersals nto the blast celt
during the first four hours of interaction with the
target cell

T am indebted t0 Dr Jorgen Tranum Jensen for his
valuable advices and to Mrs Ursula Rent mann Mrs
Sigrid Gra nger and Mrs Gra yna Hahn for thewr
technieal skill i preparing the cells for electron

Buring the four hours of interaction The decrease n
:‘he areal density from the first to the second hour
nos =

'

! unwever 111 certain that a synthesis of mitechon
Gria occurs (¢f Fig 9) — enner by an Increase i
fumber or by an increase m the size of the
individual mutochondsia — during the first hour and
ndirertiv 1 cha o -

d

u

VL« st un ne mitochondnia fraction ncreases at a
Telatively faster rate than the amount of cytoplasm

and assistance | am alsa
wndebted to Dr Glmming Guitlcr fot hus review of the
manuscript and Dr Peer Nobert Jorgensen for has help 1n
the chromsum release assay
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TABLE 4 Percentage Release of 5/Cr from $1Cr-labelled

Mastocytoma Cells (H-29) after 24 Hours Interaction with

C57B1 Lymphocytes (H-2%) Stmulated agamnst H-2¢
Alloantigen or aganst H-2%

Ratio
lymphocyt:
ymphocytes Percentage
mastocytoma SICr release
cell
Stimulated against H-24 s/l 75
Stimulated agamnst H-24 10/1 85
Sumulated aganst H-2¢ 20/1 91
Stimulated against H-2k 20/1 22

untreated MLR-cultures tn which the responder
cells were treated with mitomycin did not contain
blast cells after 4 days The MLR-stimulation used
1n this experiment may thus be regarded as a »one-
way« stimulation of the parental cells by the F;
cells

In previous studtes by Hayn et al (1972)and by
Mac Donald et al (1975) 1t has been shown that the
Kaller cell occurs 1n a blast form between the fourth
and the eighth day in MLR This paper describes
Iymphocytes simulated 1n MLR for four days, with
two distinct types of lymphocytes being found One
cell type small and the other one of a larger size the
latter 1dentical with a blast killer cell

PHA stimulation of {ymphoid cells to blast cell
formation 1s a non-specific stumulation contrary to
the MLR, where the blast cells are specifically
directed against one particular alloantigen

After three to five days of PHA stimulauon of
lymphocytes from normal humans Colen (1975}
found 50 to 80 percent blasts having a cell diameter
of 15 to 30 p and showing typical euchromasta of
the nuclear DNA

This paper describes the increase in blast killer
cell dameter after three hours of interaction with
target cells The cell diameter increases from54p
at the onset o 138 p after three hours of
interaction This equals a diameter mncrease of about

250 percent

Following the MLR stimulation the blast cels
are 1n a state of readmess Thus the highet
concentration of endoplasmic reticulum s found
the relatively small blast cells from the begmmng ol
nteraction with target cells In spite of a contununs
increase 1n the amount of endoplasmic retculur
throughout the first three hours of the interactor
the simultaneous mcrease m cell size resulis 0
dilution of the endoplasmc reticulum durng W
first hours From hour three to four stron
breakdown of endoplasmic reticulum takes plact
resulting 1n an almost unchanged concentration &
spite of a decrease n cell size

The Golgt stacks also show a readiness from &
start of mnteraction because the number of stackspe
p? cytoplasma only indicates one third of the
number of twenty mimutes This dilution of stack
continues the next ten minutes Then the concentrt
tion of stacks rematns constant from thirty minu
to two hours of mnteraction This ts achieved b
synthesis since the cell size 1§ simultancous!
ncreasing Thus, the decrease 1n the concentrauo
of stacks 15 a consequence of the strong mncreas!
cell size from the second to the third hour of th
mteraction

The concentration of Golgt aisternze of whie
the stacks consist, 1s hughest from the begumning ¢
1nteraction, and, contrary to the stacks fracuon
formation 15 seen within the first twenty munuiest
interaction resulting 1n growth of already evistn
stacks This stach growth continues the next €
munutes m spite of a duminishing amount of Gol
cisternae per cell This may be achieved by
constant synthesis of transfer-vesicles from 1

d end Jum to atready ext
ting stacks, at the same time as whole stacks =2
thereby Golg! cisternae — are used faster than tt
synthests The increase n the number of Gol
cisternae per stack combmed with a decrease 1
numerical density of Golgt cisternac as well ¢
stacks thus reflects both breahdown and synthest
This can be explamned by two generations of Gok
stacks an older one which 1s being use
highly concentrated readiness state at the bej
of the interaction and a younger on¢ which
growing by the incorporation of more cistern®

This hypothesis is 1n agreement with the high lev
of read) of the reticulum for

d from
21Nt

The alteration of the plasma 15 n
agreement with the observation by Biberfeld &
Johansson (1975) using PHA sttimulated lymphocy-
tes They never observed membrane fusion between
the target cell and the effector lymphocytes The
interdigitation of the plasma membrane m Fig 7
and the broad contact zone shown 1n Fig 8, confirm
the requirement of contact suggested by Golstein et
at (1971) and by Henney & Bubbers (1973)
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fast formation of transfer-vesicles After one hot
of interaction the number of cisternae per stac
indicating the of the breakdo®
of the second generation of Golgr stacks At th
same time an tncrease 1n the number of Golgt stach
occurs esther as the result of a synthests or parhaf
as the result of a breaking up of existing stacks it
smaller umts, but such a breaking-up cannot be




dged from the observation of ultrastructural
anges From the third to the fourth hour of
teraction with target cells only small changes are
served m the concentration of Golgt cisternae as
ell as of whole stacks 1 the blast killer cell This
bservation in connection with the decrease 1n celt
ze may indicate a great decay of whole Golgt
acks

The concluston must be that the small blast celt
1 the fourth day of MLR has a large amount of
ndoplasmic repculum ready for fast synthesis of
xtra Golgt cisternae for the first generation of
Solgt apparatus and the formation of the second
Jolgt generation after ome hour of interaction
“urthermore the Golgt readiness of the first
seneration which 15 1ncreasing from the onset of
interaction decreases quickly after twenty minutes

The readiness of the endoplasmic reticulum and
the first generation of the Golgy apparatus 10 the
‘thast el &t Yne onset of interaclion wiin Yarget ceds
may explain the observation by Berke et af (1972}
who found a lag pariod of only ten minutes for the
mtiation of target cell lysis It has also been shown
by Martz(1976) that an electrolyte permeable lesion
s produced in the target cell membrane within
unutes following contact with the cytolytic T
Iymohocytes The cytolysss of targer cells produced
by the cytolytic T lymphocyte 15 divided 1n three
phases The recogmtion (adhesion) phase  the lethal
i phase and the phase of target cell disintegration
(Golstern & Suth 1977}

For specific recogmtion and adhesion 1n the first
Phase receptors at the surface of the T lymphocyte 1s
fecessaty An mcrease n intracellular transport
from the Golg apparatus of membrane matesials to
the cell membrane might provide not only an
\ncrease 1 cell size but also an 1ncrease 10 specifi
Steucteres on the cell surface necessary for the
Tecognition and adheston The first Golg1 generation
may be responsible for the intracellular transport of
wmaterals to the cell membrane 1n this first phase

The mitochondrial areal density varies

which miay be a reflection of extra meed for
oxtdation 10 this pertod The vanation between the
ndividual cells at certain umes 15 however rather
Jarge and may reftect cells with a dufferent need for
aerobsc oxidation or a variation 1n the possibilities
for asrobic oxidation in the cells

After four hours of interaction with target cells
the areal density of mitochondria 1n the killer cells
varies strongly from cell to cell This indicates enher
a difference 1 need for omdation or rather a
differencé 10 possibilies for breaking down surplus
mitochoridria material The great variation might
indicate that the blast cells constitute more than one
funciona} popuiavon

Two unclanfied aspects of our experiments are
that 1t 15 Dot possible 10 determne 1) which of the
Iymphocytes are the cylotoxic ones and which ones
are the » bystander cells¢< and 2) whether or not all
the lymphocytes are comung tn contact with the
mastocyiUitia WIS M Spie o Sielk:

In a previous paper Brix Poulsen et al (1975)
acid phosphatase was found m lysesomes of
stmulated T lymphocytes after 20 munutes of
interaction With the target cell In the present paper
some of the prerequisites for the synthesis of
Iysosomes are stated the readiness of the endoplas
mic reusculum 2nd the Golgs apparatus of the blast
cell A prerequisite for the blast cell 10 mcrease 1ts
diameter from 5 5 pto 13 8 p s a sufficient uptake
of building materials that possibly have to be broken
down i lysosomes before incorporation mto the
cell membrane The next papers wilt deat with the
formauon of lysosomes and vacuoles together with
uptake of extracellular matersals into the blast cell
during the first four hours of interaction with the
target ¢ell

1 am pdebied © Dr Jorgen Tranum Jensen for his

valuable advices and to Mrs Ursula Rent mann Mes

Sgrid Granger and Mrs Gra yna Hahn for thei

techmicsl skill 1 prepanng the cells for electron
and

during the four hours of interaction The decrease m
:he areal density from the first to the second hour

v b1 certain that a synthesis of mitochon
occurs (ef Fig 9) - exther by an increase
nuambcr OF by an increase m the sze of the
l\:ﬂmdua) mitochondria — during the first hour and
dr

10

e aeu

ettt i€ mitochondria fraction mcreases at a

mt of cytoplasm

dra

assistance 1 am also
indebred 10 De Glemm ng Gutlter foc tus teview of the
manuscript and Dr Peer Nohert Jorgenscn for his help in
the chromIum release assay
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TABLE 4 Percentage Relcase of SICr from 31Cr labelted

Mastocytoma Cells (H 29 after 24 Hours Interaction w ith

CS7BI Lymphogytes (H 2%) Stmulated agamnst H 24
Aloantigen or against H 2%

Following the MLR stumulation the blast
are 1n a state of readiness Thus the highe
concentration of endoplasmic reticulum s found|
the relatively small blast cells from the beginnings
mteraction with target cells In spite of a continur

lym};:::y(es mncrease mn the amount of endoplasmuc reuculy:

per Percentage  throughout the first three hours of the mteracte

mastocytoma SICrretease  the simultaneous mncrease 1a cell size resulis i

celt dilution of the endoplasmic reticulum durmng e

first hours From hour three to four stron

Sumulated against H 2¢ Sit 5 breakdown of endoplasmic reticulum tzhes plix
Stimulated agamst H 2¢ 10/1 85 resulting 1n an almost unchanged concentration 1

Stimulated against H 2¢ 20/1 91 spite of a decrease 1n cell size

Stimulated against H 2% 20/1 22 The Golgi stacks also show a readiness from b

start of 1nteractton because the number of stachs 1
12 cytoplasma only indicates one third of the ms!
number of twenty minutes This dilution of sl
continyes the nest ten minutes Then the concentsd
tion of stacks remains constant from thirty mIues
to two hours of mteraction This 15 achiesed by
synthesis since the cell size 18 simultansowt
increasing Thus the decrease in the concentrahot
of stacks 1$ a consequence of the strong Jncrease it
el size from the second to the third hour of the
mnteraction

The concentration of Golgi cisternae of %
the stachs consist 1s highest from the beginni® o
Interaction and contrary to the stacks fracuon 2
formation 15 seen withtn the first thenty munutesof
interaction fesulting 1n growth of already €vS m
stacks This stack growth continues the et w
munutes 1n spite of a dimtmishing amount of Golg
asternae per cell This may be achieved by 2

constant synthesrs of transfer vesicles from the
retcutum 1o already e

untreated MLR cultures tn which the responder
cells were treated with mitomyctn did not contamn
blast cells after 4 days The MLR stumulation used
1n this experiment may thus be regarded as a »one
way« stimulation of the parental cells by the T
cells

In previous studies by Hayry et al (1972} and by
Mac Donald ct al (1975) 1t has been shown that the
kaller cell occurs in a blast form between the fourth
and the eighth day 1n MLR This paper describes
lymphocytes stimulated n MLR for four days with
two distinct types of lymphocytes being found One
cell type small and the other one of a larger size the
latter sdentical with a blast killer cell

PHA stimulation of Iymphoid cells to blast cell
formation 1s a non specific stimulation contrary 1o

the MLR where the blast cells are specifically fated /

directed against one particular alloantigen ting stacks at the same tyme as whole smcks‘ﬂigg
After three to five days of PHA sumulation of  thereby Golg: cisternae — are used faster (?agol

i

synthesis The tncrease mn the number ©
cisternae per stack combined with a decreast 8
numerical density of Golg: cisternac as well &
stacks thus reflects both breakdown and syndies®
This can be explamed by two generations of Golat
stacks an older one which 1s beng used from ¢
highly concentrated readiness state al the besean ¢
of the interaction and a younger one which 5
growing by the incorporatton of more csternat

This hypothesss 18 1n agreement with the gh fonel
s m of read of the endop) lum for the
fast formation of transfer vesicles After one hoUt

tymphocytes from normal humans Colncn (1975)
found 50 to 80 percent blasts having a cell diameter
of 15 to 30 p and showing typical euchromasia of
the nuclear DNA
Thus paper describes the ncrease in blast kiler
cell dameter after three hours of interaction with
target cells The cell diameter increases from S4
at the onset 1o 138 p after threc hours of
Thisequalsa d ter increase of about

250 percent
The alteratton of the plasma

agreement with the observation by Biberfild &
Johansson (1975} using PHA strmulated iymphocy
tes They never obsersed membrane fuston betwcen
the target cell and the effector lymphocytes The
interdigitation of the plasma membrane w Fig 7
and the broad contact zone shown in Fig 8§ confirm
the requirement of contact suggested by Golsteut ¢t
al (1971) and by Hemna & Bubbers (1973)
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of interaction the number of cisternae per S

decreases tndtcating the beginning of the preakdas
of the second generation of Golgt stacks At the
same time an increase in the number of Golgt stacks
occurs erther as the result of a synthesis or parhaps
as the result of a breaking up of existing stacks 1t
smaller units but such a breaking up cannot B
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CYTOTOXICITY TO TUMOUR CELLS INDUCED IN
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Unsgaard G Cytotoxinty 1o tumovr ¢ells 1nduced 1 human monocytes Cultured 1 virro 1n the
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Rodent macrophages can be sumulated in ypv0 and i vitro 10 become CYlotoxiC to nooplastc cells 1t 15
shown an the present papef that Cy'Stoushy to & human umour cell Loe s wduced 1o humar
monocytes Cultured 1 vurd b the Presence of human serum The CyloouC abilty s defined as
mncluding Cytostauc abihty measured as thibiton of IH thymdine UH TdR} incorporaion in wumowf
clls and cyoadal 2ty measused ax refease of radwactsiy fram TR labetled tumaur cells
Monocytes cultured 1n medmm contaung 25 per cent human serum (HS M) developed both 2
Ylostauc and a cytocidal ability When tumour cells were separated from these monocytes by 2
memhrane allowing factor mediawed interattions a Cytostatic effect Was found thus indicating that
Secrenon of soluble factor{s) may be an important mechamsm The development of cylotonic abiity
e monocytes was accomparued by development of high capacity for phagocytosss of 1751 labelled
Cand\dq atbicans inereased protemn Symhesss 1n the Monacyles aad MICroscopically observed alterauon
WO farge welt-spread monocyies with of phase-dense granules 1n the region
Culture of monocytes 1 the presence of bovine sera induced less cytotouc and phagocyuc ability as
well as 2 smaller increase & protem syathests and less morphalogical aleratons as compared @
Cuiture ;n HS M
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The functions and morphology of rodent macro-
Phages may be altered by 2 variety of non specific
sumuh Macrophages from mice treated wnh
inirapenoneal injections of protedse peptone ty
phoid paratyphord vacoine killed (7 Orynebacterum
parvum endotoine pyran copolymer ar polyimos;
¢ pol acd  differ mn hology and
functions as comgared 10 resudeqt wacTophages
from untreated muice 3 9 12 15 1g) Mouse
macrophages can also be modified i i, by
endotonun (12) ds RNA (1) and cylturs, n Medm
containg bovine sera {14) The sumulated moyse
mactophages are usually larger than the regidens
mactophages They have ticTeased conteny of phase

dense granules and increased acuvity of lysosomal
enzymes (12 14) The mgestion of opsomized (12)
and non-opsonized (14) particles 15 1ncreased as
well as the degradaton of antigen antibody comp
lxes (15) The ablity to resinct growth of
wmiracelular parasites 15 not improved 10 the Same
degree as the Ingeston capacity (14)

Stimulated mouse macrophages display cytotox;
Gty 10 neoplastic cells 41 3 7 8 9) which woyld
sezm to be of importance in host resistance to
fieoplasms mn mice (4) The am of this study was to
Qetermine whether buman monocytes possess the
abiity to develop cylotouicnty to neoplastic cells
Expertmental modification 1z y1v0 of bumag mone.-
nuclear phagocytes s not possible for ethicat
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Rodegt macrophages can be sumulated n o and i vitro to become cytotonic (0 neoplasc cells Tyis
showss 10 the present papec that cytotouctty t@ a human fumour cefl line s wduced 1 human
monocytes cultured i vifro m the presence of human serum The cyloloxic abiity 15 defined as
(aclud ng cytostauc abifity measured 25 inhibvon of 3H thymidine {41 T4R) incorporauon in wmots
cells and cytocidal abifity measured as release of radiwactivity from JH TR fabefled wmour cells
Monochtes cultared s medmm contamsng 25 per cent human serum (NS} developed both a
cytostatic and a cytocidal abikity Vhen tumour cells were separated from these momocytes by 2
membrane alfowimg factor mediated nteracuons a cytostau¢ effect was found thus indicatmg fhat
secreuon of soluble factor(s} may be an waporiant mechantsm The development of cytotoxtc abilty in
1he monacytes was accompamed by development of high capacity for phagocytosss of 1251 labelled
Candida alb cans increased protein synthesss in the monocytes 2nd microscopically observed aheranon
wto large well spread morocy tes with accumulation of phase dense granules 1 the perinuclear fegson
Culwre of mongcytes m the presence of bovine sera induced Jess cytotomic and phagocyfic ability as
well as a smaller increase i protews synthests and less morphological alteravons as (ompared to
culture in HS M
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NI dense granules and mcreased activity of lysosomal
o functon ]an e‘rjnnrphology of rodent macro-  enzymes {12 14} The ingesuon of opsonmzed (12}
;(,muhm]\); altered by a vartety of non spectfic  and non opsonized (14) partcles 1s increased as
m‘mpe"m“;c(ophagn from muce weated with well as the degradavon of antigen anubody comp
iy wjectons of proteosepepione vy lexes (1S) The abilty to restrict growth of
Phod paratyphod vactine Killed Cor nebacterim  intracelfutar narae ras ~ =

Panum endotoxne pyran copolymer or polymos:

fic poly acd differ n and

{ur\mons s compared to resident macrophages

'::a:qm\\;(rmw mice 3 9 12 45 16 Mouse von S sudling
50000126 KN 1) 0 e s e s s et 025958y s o
coniatrung bovine sera (L4) The sumwlated mouse ag(:xrtml\n Y ;v iop cytntomiony o oSS the
Macrophages are usually farger than the resident Ex ‘r(,minm:mg,;y:mm ot o cols
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reasons Culture of human blood monocytes n the
presence of human serum however brings about
morphological differentiation mto Jarge well spread
cells with accumulation of phase dense granules
the perinuclear region (21) Concomuantly the
monocytes show increased phagocytic ability (20)
enzyme activity (6) and ability to suppress DNA
synthesis 1 stimulated lymphocytes (19) The
results of this study demonstrate that the different
ation brought about by culture n the presence of
human serum also induces cytotoxic ability 1n the
monocytes to a human tumour cell line

A further object was to study the influence of
different sera on the development of cytotoxic
ability i the monocytes and to compare the
development of phagocytic and cytotoxic abtlity

MATERIALS AND METHODS

AMonocy s Mononuclear cells were ysolated from venous
blood of healthy human adults as described previously
(19} The cells were suspended 1n RPMI 1640 (Gibeo)

! d by g Y 18l and 25 per
cent pooled human AB serum (HS M) Aliquots of the
cell suspenston adjusted to 4 X 106 cells per ml were
added 10 culture dishes (@ 35 mm) or applied to
coverslips (10 5 x 22 mm) placed in duplicate in culture
dishes Five X 105 cells were added per culture dish and
12 x 106 cells per coversitp The cultures were
incubated at 37° C with 7 § per cent CO 1n asr with 100
per cent humidity  After 90 min the non adherent cetls
were removed and fresh HS M added The adherent cells
were cultured wmr roro for 1-12 days before use in
experiments HS M was changed after | 4 and 8 days In

attached cells n a Rerchert inverted phase cont
microscope (X 400) Ten visual fields were counted
culture The number of cells per dish was cakulated
multiplying the mean number of cells per visual feld
the number of visual fields per dish

Phagocy josss Monocytes cultured on coversips
FCS M NBC M or HS M were tested after ¢ ehtdays
cutture One ml HS M contaming 2 X 106 heat ki
1251 labelled Candida albicans was added per dish©®
After further tncubatton for 1S min the coverslps w
washed 12 times 1t HS M and placed i new
dishes after which fresh IS M was added Afier
hours the medium was centrifuged (1800 g for 10m
The radioactvity 1n the supernatant in the sedimenta
on the coverslips was registered by a Packard Au
Gamma counter

Cytotoxieits In the cytotoxicily assays the targei te
used were the human cell line VHIK J025 (13} b
was salated from a carcinoma s sufte of hun an cerv ¥
1967 The cells grow in monolayers The doubling tr
15 about 18 hours when cultured 1n HS M The sto
cells grown in culture fasks (Falcon 75 cm ) Bt
replated twice a week The cells were detached |
replacing mediem in the culture flasks with 5 ml 0.
per cent trypsin solution (Gibeo) and agitating Witk
ppette 3 min later The stngle cell suspen off ¥
centrifuged and the cells were resuspended i HS-M T1
culture medium of the monocytes was removed bef
NHIK 3075 cells 1n [resh HS M were added

a) Q) rostat ¢ capacin. Monocytes cultured 1n FCS
NBC M CS M or HS M prior to the assay weré &
cultured with 104 or 105 tumour celis in t m fresh HS
M for 24 hours The controls were tomour cells culture
alone In some experiments the monocytes Were heat
Ailled {60° C for 60 mun)

In some experiments N/IA 3075 cells were culire
n chambers (17) ¢ 10 monacyles ¢

some cultures RPMI 1640 with gentamy. and |
glutamine supplemented by 25 per cent foctal call serum
(FCS M) 25 per cent newborn calf serum (NBC M) or
25 per cent calf serum (CS M) was used after the first 24
hours of mcubation in HS M

Sera The human AB serum (HS) was prepared at the
Blood Bank Trondheim Regional Hospital Foetal calf
serum (FCS) and newborn call serum (NBC) were
purchased trom Gibco Calf serum (CS) was prepared in
our labaratory fram blood collected sterilely at a nearby
slaughterhouse All sera were stored in frozen state (~20°
C) i small samples The sera were usually used in
experiments shartly after thawing but were occasionally
stored at 4° C for 1-2 days before use

Heat treatment of the sera (56° C for 30 mn) before
additton to the medium resufted in clumping and
increased detachment of the monocytes as has also been
reported by others {6) Some sera Were absorbed twice by
adduion to washed human erythrocytes (4 1 30 nun at
room temperature) to remove heterologous antibodies
The erythrocvies were fited with glutaraldehyde (2) to
prevent haemolysis The sera were fiftered (Mlltpore
0 22 pm) before use 10 expenments comparing dufferent

sera
Suryt | of monocyies was registered by counuing
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allow humoral nteraction between monocyies 3%
tumour cells Membrane chambers (MCs) were foraet
by glutng polycarbonate membranes {Un pore pore St
02 pm) to the bottom of 20 mm high glass 1Ings (mun‘
and nner dtameter 29 mm wnd 26 mm) the dottoms £
which were widened to fit exactly into the dishes @3
mm) Double chambers were formed by mount ng MES
on 1 mm high rings {outer and ner ¢ ameter 345 me
and 31 S mm) which were placed 1 dishes with of
without monocytes The sunable volume of HS M t? the
fower chamber was {3 mi 103 AH/A J075
suspended 1n 1 mt HS M were added 1 the MC s
Thymidine incorporatton was measured by adding 8
uCi 3H TdR (sp act 26 Ci/mmol) per ml four ho::;
prior (o harvesting The cells were harvested as descrt
previously (19) Calculanon was made of the incorport
o of radioactivity 1n monocyte/ tumour cell co-cultvres
2s percentage of the incorporaton in tumour ¢8>
cultured ajone
Incorporation 1n manocytes Wwas < 3 per ot
mcorporatton n 105 tumour  cells culipred alont
Therefore in the MC experiments onfy the wmour &6¢
were harvested
b) G tocrdat capacin AHIR 3025 cells in exponental

at of
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growth phase were culured for 24 hours 1 HS M
conta ming § #C1 3 TOR per mt After washeng three
tmes with RPMD 1640 the cells were removed with
ypsin and Tesospended 10 HS A and 104 cells 10
aliquots of 3 ml were added (o monolayers of
4 fierenuated monocytes or to control dishes without
monocytes Replicates were harvested every day for fise
days Culture med um containing detached cells was
centrifuged (1800 g for 10 min) The sediment and the
adherent cells were harvested with a cell harvester as
described previously (19} The radioacuvety released 10
the supernatant expressed as percentage of total radioacty
vty {cpm supernatant + cpm adherent cells and
sed meni) was calculated

Assay of protein syathesis One pCafm of 3H levcine
(sp act. 10 Ci/mmol) was added four hours prior 10
Tzrvestng The cells were removed with distilied water
and harvested as descnbed for the assay of DNA
syntesis (19}

Morphotogy 105 NHIK 3075 cells were added to
d shes contatatng, coverships With narmal or heat killed
monocytes Twenty four hours later the covershps were
imserted on glass shides with two ribbons of double sticky
tape 1o form a m cro chamber 1nto which medium was
Tlled (2t) The cells were studsed 1 a Leuz Laborlux
‘pahse conirast microscope with automate equipmert for
photography

Prol ferat on estimated by couniing celis per colom
Normal or heat killed monocytes on coverships were co
cunured with 103 MIK 3025 per dish for 30 hours The
cells o ginaung from each tumour cell plated formed a
colony The mumber of tamour cells per colony was
tounted using the technique described above

Statsrcs The values were calculated (rom the mean
of duplcates Each vatue presented 1s the mean = SEM
of nexpenments The p values were calculated using the
Wilcovon Two sample test

RESULTS

Cytostatic capacity of monoeytes culiured m HS M
Monocytes cultured 1 HS N were tested for
cytostate effect on the hasan celt hne NHIK 3025
One-day-0ld monocytes had no cytostatic effect 4
dy-old monocnes were weakly cytosiane while
monocytes allowed 10 differenuate 1n HS M for 8 or
12 days had 2 strong cytostatic capactty (Fig 1)
These results were found when the monocyte/
wmour cell ratic was 3~4 1 a5 well 23 10 umes
bigher Heat killed monocytes (60° C for 60 min)
were weakly cytostate regardiess of dhfferentiation
of the monocytes at the ume of heat kiiling

There were no aggregates of differentiated
monocytes around the wmour cells (Fig 2)
However tumour cells co-cultured with dyfferentia
d monocytes showed signs of degeneration
Granutes and acuoles appeared 1n thetr cytoplasm
and within 24 hours they usually retracted their

Daratton of menecrte seftors lu M3 M prioe 1

Fig | The cywostauc ablity to lumour cells of
monocytes cultured 1n HS-M for 1-12 days was tested
by adding 105 AHIK 7025 (A——Adot 104AHIK 025
(O~ - -O) per culture Some of (he monocyte
cultures were heat Killed {0 O)prior to addiuon of

105 target cells 3H TdR incorporation was registered
dunng the last 4 hours of the 24 hours assay a = 5

cytloplasmic membrane and tended to detach The
wmour cells were not affected by heat killed
monocytes 1n the same way Even though they
tended to prefer free areas they grew well on the
surface of heat killed monocytes (Fig 3) The heat
filled monocytes covered about the same area as
fwve cells

The tumour cell proliferaion was evaluated
visually by countng NHIK 3025 cells with 2 phase
contrast microscope The weakness of this method
must be considered The results indicated mhibition
of proliferation n tumour cells co-cultured with
monocytes differentiated m HS M for 8 and 12
days as compared to tumour cells co-cultured with
1 and 4-day-oid monocytes (Table 1)

Cytocidal effect of monocstes cultured in HS M
“Monocytes culwred 1n HS ™M for eight days were
challenged with 104 *H TdR labelled tumour cells
The Jabelhng influenced the growth of the tumour
cells Labelled tumour cells cultured alone were
unable to proliferate as evaluated microscopically
However the diameter of these cells i control
cultures increased during the assay period The
tumour cells co-cultured with differentiated mono
cytes seemed to detach shrnk and eventually
disappear 1n 3~4 days The differentiated monocytes
appeared 10 be undamaged

The registration of 1sotope release confirmed the
microscopical observation During the first two
days the 1sdtope release in the monocyte/tumour
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Fig 2 Dilferenuated monocytes {cultured 1n HS M for 8 days) were co cultured with NH/K 3025 cells for 24 hours.
The cytoplasmic membrane of the tumour cells 1s retracted and granules and vacuoles appear 1n the cytoplasm Phase

contrast % 400

Fig 3 Differentiated monocytes (cultured in HS M for 8 da;

ys) were heat killed (60° C for 60 min) and then &
cultured with NHIK 3025 cells for 24 hours These tumour cells are like tumour cells cultured alone and grow onthe
surface of the heat killed monocytes Phase contrast X 400

cell co cultures was at the level of release n controls
without monocytes (Fig 4) After three days the
release 1n the former cultures was sigmificantly (p <

TABLE | Effect of Monocytes Cultured in HS M on
Proliferanon in NHIK 3025 Cells Co culmred for 30
Hours

Prohiferation 1n NHIA 3025
estimated as number of cells
per colony
-

In witro age
of monocytes
at the start of

the experiments Normal M Heat killed M
1 day 24201 24204
4 days 2503 2405
8 days 17203 22%03
12days 1404 2302

Monocytes (M) were cutiured 1n HS M At the start of
the expertment 104 NHIK 3025 cells were added per
culture dish contaning normal or heat killed monocytes
After 30 hours (he number of AHIK 3025 cells per
colony was estimated by countng cells 1 50 random
colones by phase contrast microscopy n 5
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005) higher than in the control cultures The
difference increased durmg the 4th and Sth da)s
After five days the target cells appeared to be almost
completely destroyed by the monocytes

Effect of separating monocles and tumour
by the membrane chamber (MC) techmque Cell -
cell contact between monocytes and tumour cells
was prevented by culturing tumour cells on the
polycarbonate membranes of the MCs and monoc}
tes at the bottom of the dishes Monocytes cultu!
1n HS M for 12 days mhibited DNA synthes:s 10
wmour cells to 68 # 6 per cent of controls ( ~ €
No effect was apparent with less differentiated
monocytes

Effect of different sera on sunnal
synthesis and morphology of monocytes il
vitro Monocytes survived both i FCS A an
NBC M and in HS M during eight days in cultur®
provided that freshly separated monocyles were
incubated 1n HS M for the first 24 hours (Fig 3
There was no sigmficant increase n 'H feucine
tncorporation 1n monocytes cultured 1n FCS M and
NBC M (Fig 6) However the estimated 3H leuctne
1ncorporation per cell increased from the Ist o the
4th day as judged by the cell detachment 11 that
period Monocytes cultured in HS M showed 3

cells

prote?
drured i
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Fig 6 Prowin synthesis in monocytes cultured fac 24
Bours 1n HS M and for the rest of the perjod 1 FCS M
(®-——®) NBCM (A— —~ -A) HSM (H—W)
SH Jeucine 1ncorporation was fegistered by addmg
1sotope (1pCa/mi) 4 houss prior 10 harvesung n = 6

were small with retracted cytoplasmmic membranes
{Fig 7} Dunng the followmg days the monocytes
cultured 1n HS M were well spread and by eight
days the ortginal dameter had increased 36 umes
an a large numbger of phase-dense granules appeared
m the permnuclear region (Fig 8) Monocytes
cultured for the same period 1n FCS M (Fig 9)
showed only mnor changes as compared to |-day
old monocytes Monocytes cultured in NBC-M and
CS M showed a more differentiated morphology
but the alterations were less pronourced than
TR Tl BT S b
In order to investigate the possible influence of
heterologous antibodies the sera were absorbed
with human erythrocytes Monocytes cultured n
the presence of absorbed sera showed the same
morphology as those cultured in unabsorbed sera
Cytostatic abiity of monocytes cultured in FCS
M NBC M CS M or HS % Monocytes cultured
for 24 hours mn IS M and then for seven days
FCSM developed a weak cytost

tatc ability to
tumour cells Mannmyrac ~ 4ONTTY
CS M for 1 - .

cytostatic ' - * B TLAY
M were 2 ¢ elor wls m the
cytostatic assay (Fig 10}



Phagocy tosis of 1251-labelled Candida albicans by expressing the capacity of the cells to degrae
monocytes cultured in FCS-M, NBC-M or HS-M  nternalized parucles, was also significantly {p <
Monocytes cultured for eight days according to the 0 01) higher 1n cells cultured 1n HS-M than n theee
protocol described above were tested for phagocyto-  cultured 1n FCS-M and NBC-M (Fig 11b)
sts of 1231-labelled Cand:da albicans Total radioacu-
vity per culture {c p m 1n supernatant + cpm m DISCUSSION
sediment. + cpm on coverslips) which measures
the ingestion of Candida albicans was sigmficantly  The results show that human monocytes can be
(p < 001) higher in the cultures incubated with  rendered strongly cytototic to the human tumour
HS-M prior to phagocytosts than in those incubated  cell ine NHIK 3025 by i varo culwre of te
with FCS-M or NBC-M (Fig 1la) The percentage monocytes in the presence of human serum The
of total radioactivity released to supernatants, capacity to inhubit growth of tumour celis 15 largely

cytes cultured for T day in HS M Phav

*¢ yues cultured for 8 days m HS M The tti‘
l-spread and wath large numbers of rhﬂ“
» 1n the perinuclear region Phase contrd

* ytes cultured for 24 hours in HS M I[:‘:
then sor s uvays i FCS-M  Granules appear n
cytoplasm of some of the eclls
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agreement with the morphological observations
The cytocidal effect may be the result of
prolonged cytostasis However, the labelling proce
dure seemed to cause arrest of probferation as
evaluated microscopically This arrest caused no
similar destruction Therefore 1t appears to be
unltkely that the destruction 15 due solely to
ihibsted proliferation
The effect of diffe
to tumour cells 1n the MC system indicates that the
cytostasis 15 mediated via humoral factor(s) This

EH
.

3
L

FCS M NBCM  CSM  ns m a
Fig 10 The cytostatc ability of monocytes grown for 24
cue A oo EPEL SN

g

~

w

a property of live differentiated monocytes The
weakly mhibitory effect of heat Killed monocytes is
probably not related to the cytostatic capacity of hve
cells since 1t 15 1ndependent of the dsfferentiation of
the monocytes prior to heat killing Moreaver these
Tesults exclude that the cytostatic capacity of lLive
cells s due to reducuon of free area avarfable since
heat killed effector cefls cover about the same area
as live cells

The usual monacyte/tumour cell ratio 1n the FCSM HEC M HS-M
Yloloxicity experiments was 3—4 | The cytostatic
effect did not change when 104 target cells per 0 b
culture were added 1nstead of the usual 10° This

makes malnutation as cause of the Cytostasis
unfikel e~ en

depryv
ingly .
malnurtion kurthermore supernatants of culture
medum from differentiated monocytes did not
mhibit growth 1n temour cells

Microscopical studies of
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Signuficant from the 39 day of coculture 1 1o



explanation 1s not excluded by the fact that
monocytes had to be differentiated in HS M for 12
days to acquire cytostatic capacity to NHIk 3025
cells in the MC system while 8-day-old monocytes
were strongly cytostatic n experiments perputimg
contact with tumour cells Factors working at some
distance from the monocytes will be diluted as
compared to the concentration ¢lose to the mono
cytes Furthermore, the factor may be unstable as
demonstrated for the monocyte mediated imhubition
of proliferation 1n lymphocytes (17, 18) The latter
nterpretation may explamn the lack of inhibitory
effect 1n supernatanis from cultures of 12-day old
monacyles

Culture of monocyles m 25 per cent bovine call’
sera brought about less change in morphology than
culture 1n 25 per cent human serum This difference
was not caused by heterologous antibodies Mono
cytes cultured 1n medium containing foetal calf
serum or flewborn calf serum showed reduced
cytotoxic capacity towards tumour cells reduced
capacity for phagocytosis of Candida albicans and
reduced protein synthesis as compared to monocy
tes cujtured 1n medium with human serum Thus
bovine sera tnduce less morphological and functio
nal differentiation in the monocytes than human
serum This could be due to inactivation of labile
components in the commercial bovine sera due to
differences in preparation procedures and prolonged
storage However this explanatton was made
unlikely by the fact that freshly prepared calf serum
nfluenced the monocytes In the same way as
commercial newborn call serum

It has been supgested that induction of altered
macraphage function 15 brought about by two types
of mechanisms (5 10) an immunological mecha
mism involving lymphocyte mediators and a non
immunological mechanism involving agents claam
ed to have a direct effect on macrophages The
mportance of the latter type 1s uncertatn because
exclusion of lymphocyte involvement 15 Adiffteuit
However 1t seems clear that the morphological and
functional changes brought about by cultering
monocytes 1 medium with human serum are
independent of lymphocyte products Results not
yet published mdicate that fymphocyte mediators
wmduce cytotoxic capacity n monocytes by a
mechanism which 15 different from monocyte

differentiation
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LYMPHOCYTE BLAST TRANSFORMATION RESPONSE
OF SEROPOSITIVE AND SERONEGATIVE
SUBIJECTS TO HERPES SIMPLEX, RUBELLA,
MUMPS AND MEASLES VIRUS ANTIGENS
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P! from

and subjects were sumulated w1 vitro With herpes simpley
rubella mumps and measles viral antigens Viral antigens were B propwolactone inactivated crude
matersal {contaung cell membrane fragments) grown n Vero cells and prepaced identically
Lympbocytes from seropostuve subjects responded specifically 10 herpes virus antigen and most rubefla

rot stimulate

and mumps seroposive subjects responded to the fespective antgens Measles antigen however did

from

ot

subgects The responses of three subjects

studied repeatedly over a period of several weeks were reproducible The results of the study support
the usefulness of the blast transformation test as a measure of sensiizauon 1o viruses

Key words Lymphocyie blast transformation herpes simplex rubella mumps measles seropossuve
and seronegative subjects

I Tlonen Public Health Laboratory Kajaaninte 46 D 90[00 Oulu 10 Finland

Recerved 31 vin 78 Accepted 2311 78

The i snro lymphocyte blast transformation
fesponse to antigen stimutation 1s @ measure of cell
mediated tmmunity a T lymphocyte function It
correlates With other tests of cellutar sensitzation
such as the dermal delayed hypersensitivity and
Tmugrdton mihibition tests (F3)

A variety of viral antigens have been found to
Sumulate human lymphocytes i vitro Subects
Wit disease of vaccmation history have responded
Specrfically to herpes simplex vaccimia rubella
Epstein Barr varicella and cytomegaloviruses (9
112123 25 27 28 30 31 33 35 40) Insome
studies various paramyxovirus antigens have also
sumulated lymphocytes from patients with multiple
Klerosis as welt as from adult control mdividuats
-7 12 18 34) In other reports however these
2nugens and especially measles antgens have
faled 10 stimulate lymphocytes (10 26 38)
Although there 15 evidence for the specificity of this

stimulation (19} a measles antigen preparation
reported to be stimulatory has shown varation
among lots

Additional information about the lymphocyte
blast transformation test as a measure of cell
mediated 1mmunity to viruses was sought by
studying responses 1o identically prepared herpes
simpley rubella mumps and measles antigens In
addition a highly purified measles antigen prepara
tion was included 1n the experiments The responses
to various antigens were compared with each other
and related to the disease history of the subjects as
evaluaied by virus serology

MATERIALS AND METHODS

Lymphocyte donors Blood samples were collected from
patients for minor surgery m a department of paediatric.
surgery taken at the same tume as the samples for
routime exammation The cells from thirty three chifd
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ren age 7-15 years responded satisfactonly (specific
response over 2000 cpm) to at least one of the five virus
antigens and punfied tuberculin (PPD) used 1n each
experiment PPD was used as a control because all
Fintush infants receive BCG vaccination at birth Eight
healthy laboratory staff members aged 2539 years
were also studied

Virus annigens All virus antigens were grown n
VERO cells maintained n Eagle s basal medium (BME)
supplemented with 0 2% bovine serum albumin frac
tion V 5% tryptose phosphate broth and antbiotics A
measles virus strain 1solated from a measles patient the
VR strain of herpes simplex virus a VERO cell adapted
Therien strain of rubella virus obtained from Dr 4
Schiuederberg  Yale Unmversity and a mumps virus
strain freshly isolated from a child with acute mumps
were used

To prepare the antigens VERO cells were tnfected
with Jow multiplicity of infection and harvested when
the cytopathic effect had extended throughout the cell
monolayers The cells were scraped into phosphate
buffered saline (PBS) and washed three times with PBS
After disruption of the cells by five cycles of freezing and
thawing the debris was removed by centrifugation at
2000 g for 30 minutes The supernatant was then
centrifuged at 80 000 g for 30 minutes and resuspended
mm PBS The antigens were treated with beta propiotac
tone (BPL) at a final concentration of 0 02% at 4° C for
10 minutes After hydrolysis of the remamning BPL at
37°C for 2 hours and at 4° C for 18 hours the
nfectivity was tested in VERO celt culures If all
infecivity was not destroyed by the first BPL treatment
the procedure was repeated unttl the preparations were
non infectious The quantities of the proteins were
determined (20) and the antgens were stored at =20° C
m small aliquots until used The control antigens were
prepared and stored similarly except that uminfected
VERO cells were used The punfied measles virus
antigen was prepared as described n detail elsewhere
{39) The BPL treatment was as described above

Virus antibody d The serum
were tested for anttbodies to herpes simplex parotnis
and measles viruses by a microtechnique modification of
the complement fixation (CF) method described elsew
here {32) Antibodies to rubella virus were measured by
a (HD) (22) The
sera with borderline or negative titres were retested m a
sensitive radioimmunoassay (1 16 7) to confirm the

Its
CFL;:;plzzl)c;Eliuseparalrnn and hmphoovic culiures Mo
nonuctear cells were isolated from heparinized periphera)
blood by Ficoll Isopaque gradient centrifugation (2) and
suspended 1m RPMI 1640 ussue culture medium

Lymphocyte blast transformation experiments were
- - "

t
h

12 5 per cent of pooled male serum were distributed mn
roundbottomed well of microutre plates to which
{ anugens diluted 1n phosphate
ginning of the

each

005 ml amounts O

buffered saline were added at the bel
b: For the inhib test phy
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(PHA P Difco final drunon 11000) was added
simultaneously with the virus antigens Cultures stm
lated with the specific antigens were hanvested on dw
six those with additonal PHA on day thre W
thymdine being present for the final 24 hours Medun
cpms of triphcate cultures were used to calculate e
specific response (cpm of stimulated culture m us opm
of control culture) and sumulation index {epm of
stimulated culture/cpm of control culture)

Staustics The stausucal significance for d flerences
between different groups was checked using Wilcotons
rank sum test

RESULTS

The effect of virus antigens at various concentra
tions was tested first on lymphocytes from twostfl
members Both lymphocyte sumulation and the
mhibitory effect on PHA stimulation of lymphocy
tes were studied Final concentration of the antigeas
were 250 to 00025 pg proten/ml i tenfold
dilutions except for the purified measles anteet
which was tested 1n concentrations from 25 0
00025 pg/ml (Fig 1) The lymphocytes from tht
herpes serop subject (M) ded strongly
to herpes antigen Both lymphocyte donors were
seropositive  for measles rubella and mumps
Rubella and mumps antigens each sumulated o0 of
the subjects but measles antigens did not strulate
either one
The highest antigen concentration (250 pe/mi0
did not stimulate but inhibited PHA respons®s
markedly herpes antigen inhibited the response by
67 percent rubella antigen by 99 per cent mumss
antigen by 27 per cent and (unpunfied) measles
antigen by 48 per cent Control antigen tnhibred
only by 2 per cent At a concentration of 25 p2 ml
the unpunified antigens inhibited only weakly
herpes antigen having the strongest effect mhibiting
by 9 per cent At this concentration the puni
measles antigen mhibited by 12 per cent In the
following experiments concentrations of from 25 ‘:
00025 pg/ml of herpes rubella mumps and
measles antugens with their control antigen an
from 2 5 to 0 0025 pg/ml of the purfied measles
antigen were used 3
Specaific responses of lymphocytes from
children to virus antigens are presented In Fig 2
For each subject and antigen  the strongest response
induced by the various antigen concentrations 5
given As a rule this response was induced by 2
concentration of 25 or 25 pg/ml In stront
responses the sttmulation was seen over a wide
range of concentrations The specificity of the
response to herpes simplex rubella and mumps
viruses was clear the differences between seronegd
tive groups were statistically significant (p<00l)
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Fg ! Thymid ne mncorporation of fymphocyfes from two subjects stmulated with various concentralions of herpes.
smplex @ rubella © mumps A and measles A antigens control *

com FERPES MMPS  RUBELLA  PEASLES  PURFED Responses to herpes antigen were especially clear

with no overlapping between seropositive and
seronegative individuals Responses to mumps and
rubella virus antigens were usually lower than those
obtamed with herpes virus antigen Some of the
b chrldren with mumps and rubella antbodies in their
~ sera td not respond 10 these virus anigens m vitro
In seronegatne groups none of the children

responded discernibly to the relevant virus antigen

Measles anuigen prepared mn the same way as the

other viral antsigens did not stimulate lymphocytes

m this group of cihntdren although only three were

seronegative for measles The purnfied measles

antigen shghtly sttmulated some seropositive sub
1 s

TABLE | Mean and Range of Sumulat on fndices [
Lymphocy tes from (+)

Chuldren to varsous Virus Antigens
5

.o

seroneganve Seropositive
.
. Herpes

: simplex 15100 6-54)
N Lo Ly s Mumps 104005 17
TR MR tee . Rubella 179607 35)
Measles 15701022
. F2? Speaf ¢ responses of lymphocytes from seronega Purified
:xr\“e. 1) and seropositive ( +) children to various VITUS  measles

gens

259805 0-61 7
513(07-21 4)
65400 6-21 5)
13605~ 27

177015~2 3 28740019 6)
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Fig 3 Speaific responses of lymphocytes from Seronega
uve (-1 and seropositive ( + ) adult controls to Various
virus antigens

Responses to various virus antigens are also
expressed 1 Table | in terms of mean sttmulayon
index and range Results were essentially similar (o
those using speafic cpm although there was

CeM M CI:M
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Fig 4 Specific resyonmo(lhrecadunsub)cm
®. rubella O mumps A measles &

10° 10° K 3
A 10
T
5] 7 15 15
10 | 10 10
5 5 % A 5
i ] el
_*_,_‘____A—:ﬂhf
18/x

w220
10 foue virus antigens in experuments at varous times Herpes simpfee

somewhat more overlapping betwcen Seronegamne
and serop. groups The indet ¥
strongly wfluenced by the contro! value mdicaung
spontaneous proliferation and shows great vananoe
with the latter The specific response m ¢pm
describes more rellably the actual strength of
stimulation and here also better differentsates tht
serological groups from each other

In Fig 3, responses to viral antigens of som
adult laboratory stafl members are shown Th
responses are quite similar to those of the children

To test the reproductbiitty of the method thre
individuals were investigated several umes (Fig 4
The responses remawned essentially at the sume
level

DISCUSSION

In this work, similanly prepared herpes simplet
rubella, mumps and measles antigens and e
lymphocyte blast transformation test were used to
investigate cell-medrated sensitzation to these wrv
ses The response to herpes simplex virus anuee
was strong 1n all seropositive subjects Rubella ad
mumps antigens also stimufated specificatly hmp-
hocytes from seropositive subjects, but responsss
were generally lower, and there was 2 grovp of
seropositive subjects whose cells did not respond 10
these antigens The dentically prepared measles
antigen did not stimulate ly mphocytes from an
the 33 children and 8 adults who except for thret
children were all seropostve for measles Hiehlt
punified measles antigen elicited low responses
some seropositive children

The inhibitory effect of live measles virus of i

CgM ]
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ro Iymphocyte prohferation 15 Well know 37
1) On the other hand there 1s much controversy
sout the effect of varous nact vated measles
tgens B 37 42 43) All viral ant gens n ths
udy were nhub tory 1n h gh concentranons This
henomenon Was not stud ed further and concentra
ons used tn stimulat on exper ments d d not show
b on

The herpes v Tus s reta ned tn the body after the
»imary nfect on and frequent react vat on of the
afecton 15 common Th's may cause a repeated
; mula on of cell mediated immun ty whch re
wuts n strong lymphocyte response to herpes
mtgen n vitto Other nvest gators have also
descrbed srong fesponses to herpes S mplex
an gens n nd v duals w h herpes history (27 31
35)

After rubella and mumps nfect on cell med ated
mmun ty may subs de bazause of lack of rest mula
tron. Af er rubella vace nat on sens t zed lymphocy
tes have been detected m the blood for only a
el vey short tme (28 40) although 2 natural
nfect on causes a much longer sens tizaton as
measured by the lymphocyte st mula on test n the
wo L of Ross er and conorkers (28)

In ths study also some adult subjects showed
srong re ponses to mumps and rubdella vrus
an gens many years afer chldhood nfecton
Ma er & Soen (21) found clear responses to
fubela rus nmost seropos tveady s butmther
work aso some subjects faled to show spec fc
Tesponses n o spre of Tubella ambodes o ther
serum Fase pos ve CF react ons to mumps v rus
Yecause of cross react ng para nfluenza ant bod es
{4)could 2 50 expla n the negat ve blas ransforma
ton results of some mumps seropos 1 ve subjects

Some workers have descr bed strong lymphocyte
Tesponses O Some V rus ant gens n the absence of
specfcan bodes (3 29 34) They ha e sugges ed
e lymphocyte transforma on test as a2 more
ens e assay of sens t zat on than serum anmt body
SRR RTy Vit Prestn wo R as well as several

Ohers €21 24 28) does not support that v ew To
*ha & n ke

oes

of
v

T asudy ol cell medated mmunty n mult ple
Steross the responses obta ned wth this v rus
2l hough postve were clearly lower than wth
Other v ruses (34} The gk of SRYPOTER O Ineasies
a0 gep 1t hs study may reflect a rapd loss of
Celiular mmunsty to measles Some spec fe b olog

2} featutes of measles v rus may also cause the
dffcul es n's mula on exper ments The strong

response of lymphocytes from a SSPE pat ent to
both punfed and unpur fied measles antigen
{unpubl shed results from ths labacatory) demon
strates however the fundamental ablty of these
anugens to nduce a biast transformat on response

Although cell med ated mmmun ty to the corve
spond ng antigens could not be demonstrated with
the s 1o blast transformanon test i ald
seropos 1 ve subjects  the strong responses obta ned
were h ghly reproduc ble Thus this study supports
the usefulness of the blast transformat on test as a
measure of senstzaton 1o vruses It needs
however 10 be tested dur ng the course of natural
vrus mfections and 1n assoc at on w th vaccina
tons in order to clanfy the formation and
persistence of the response as well as 1nd v dual
varatons and relatons to other immunolog cal
phenomenona

1wshothank D A 3 s onen for supplying blood
spec mens from ch1d en Dr A Safm for perform ng
anubody de arm natons and for supply ag v rus an
gens and Mrs A S nen for sklful techn cal
ass stance

Ths wok was supported n pat by the F s/
A adem
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CYTOSTATIC EFFECT ON TUMOUR CELLS INDUCED
IN HUMAN MONOCYTES BY MEDIATORS
FROM BCG-STIMULATED LYMPHOCYTES AND MLC

GEIRMUND UNSGAARD JENS HAMMERSTROM and JON LAMVIK

University of Trondhem Department of Medicine Section for Haematology and Immunology ™ 7000
Trondhesm Norway

Unsgaard G Hammerstom § & Lamwik I Cytostatic effect on tumour cells induced i humadn
monocytes by mediators from BCG stimulated lymphocytes and MLC Acta path microbiol scan
Sect. C 87 159-166 1979

Human monocytes acuvated by medsators ) from BCG: lated sensiuzed

((r:n BCG va):;amud dunch) were cylostaic to a human cefl ke Mediators from aflogeneic
Iymphocyles acuvated the cytostatic abilily of monocytes to the same degree as mediators from
autotogous lymphocytes Meduators from BCG-stimulated lymphocytes from wberculin negative donors
not vacainated with BCG activated the monocytes only to a small extent. Culture of lymphocytes 1n 2
membrane chamber (MC) proumate to monocvies or incubation of monocytes with filtered
supernatants of lymphocyte cultures were equally effective procedures for inducing cytostatc abiity m
monocytes Supernatants of sensitized lymphocytes cultured with BCG for four hours did not activate
the monocytes wh le supernatants collected after 24 hours activated the cytostatc abslity to the same
extent as 72 hour of mived cultures (MLC) collected after 24
hours dd not activate the monocyle cytostatic ability at alf Forty-eight and 72 hour supernatants of
MLC showed a small but increasing actvity There was no significant dfference between BCG
st mulated fymphocytes and MLC i therr maximum DNA synthesis or 1n the kinetics of therr DNVA

syathesis Thus the DNA synthesis and secrenon of lymphocyte mediators may be independent
phenomena resulting from the same stimulus

Key words monocytes lymphokines cytostatic ability BCG MLC

Germund Unsgaard Trondheim Regionat Hospital Department of Medicine Secuon for Haernatology
and Immunology N 7000 Trondheim Norway

Receved 2978 Accepied 25 11 78

17) are cytotoxic to tumour fargets i uro
Mononuclear phagocytes play an essental role n

lefence agamnst infectious organusms. espocially
intracellular parasites (3 I8 20) Accumulating
212 also indicate that these cells are 1mportant
“flectors 1n tumour immunity {1 4) Actually there

are many similanities between cell mediated antums
Ctobal immiin 1y and cae  ~m pa

‘W mactophages obtained from amimals infected
#1th BCG (22 and other smtraceliular parastes (16

Considerable evidence indicates that both a cyto
toxic and a microbicidal effect of macrophages may
be brought about by interaction with lymphocytes
239101112 24 26)

The state of increased microbicidal and tumour
cidal capacity of macrophages treated by lympho-
cyte mediators is usually termed macrophage
activation This term has been used to describe
changes in several other macrophage abilities such
as adherence to glass phagocytosis glucose oxda
tion through the hexose monophosphate shunt and

Ten






RESULTS

Actnation of cytostane ability i monocyles by
mediators from BCG-stumulated autologous and
allogeneic lymphocytes BCC-sumulated autologous
Iymphocytes cultured 1n MCs proximate to mono
cytes for three days actuvated the monocytes to
shibit DNA synthests tn NHIK 3025 cells (Table
1) The lymphocytes were sumulated with 1 sd
BCG per ml {about 106 baciih/ml), which was the
optumal dose for mduction of DNA synthesis 1n the
lymphocytes (Fig 1) The monocytes activated 1n
this way inhibited the 3H TdR incorporation in the
tumour cells to SO per cent of corporation n
controls (turmour cells cultured alone) Meduators

TABLE 1| Lse of the Membrane Chamber (MC)
Technigue to Induce Cytostatic Abibiy n Monocytes by
Meduators from BCG Sumutated Lymphocytes

3H-TdR
Culture conditions incofporation 1n
of monocytes prior ‘monocytef tumour
tothe cell i
cpm x10-3
MC with non sumutated
Iymphocytes 164210
*IC with autologous
CG-sumulated lymphocytes 7714
IC wh allogenesc
CG-stmulated lymphocytes 85+ 200
ICwith BCG wuthout
mphocytes 1565
o MC 152213
w0 MC BCG added to monocytes Wi
0 monocytes
umaur cells alone 15427

Monocytes were cultured for 24 hours befare MCs were
Placed 1n the culture dishes On the 4th day MCs and
wulure medium were removed and tumour cells were
#dded 3H TAR incorporauon was registered ftom the
0the 1o the 24th hours of coculture n=13 =6

Fotam

P

8 TR 1ncorporaion in replicate Iymphocyte euttu
fes Without monocytes Registration on the 4ih day

TdR incorporation i lymphocyies ¢ pmx 10}
o
-

L%
Thooo Ve Vio v 3 10 (s}

8CG-dase

Fig I I8 TR iacorporation i lymphocytes cultured in
small tubes (106 cells sn [ ml HS M per ube} for five
days with varsous doses of BCG One standard umit (std)
approx 106bacill: n= 3

tumnour
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3IHTdR incorporation in monocyie/|
colf co~cultures as percentsge of
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IHTdR incorporation in
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actvity of different enzymes (5 6 7,23, 25, 31)  the monocyte monolayer by ! mm high rings Lymgho-
However, there 1s no firm evidence for a Iimk  cytes precultured for 24 hours 1n small tubes with | 54
between all these events Actually, there are reports  BCG or without BCG were transferred to the MCsty
to the contrary which indicate a dissociatron  Pwetung the content of one tube (106 cells 1n | mb mo
between different »activated« functions (33) There  on¢ MC Humoral interactions betn esn ymphocyts ot
fore the term activation will always have 1o be ~ MOPOCYIes were allowcd to proceed for three days Then
defined In this article we define 1t as the altered e MCs and the culiwre media were remod !
tumour cells were added to the monocyte monolayer i
Cytostatic ability induced i monocytes by lympho  freqn pis M
cyte meduators For registration of DNA synthesis 1n the lymphooy
In a previous paper it was shown that human  (es replicates were added to MCs placed m d<s
monocytes cultured in medium with human serum  without monocytes
differentiated 1nto cells with cytotoxic ability to the Actnation of monocy tes by bmphoc te superna”
human cell lne NHIK 3025 (28) This modification  Lymphocytes cultured for different intervals in tul
of monocyte function 1s probably not influenced by  ml per tube) with | std BCG per ml or without |
lymphocyte mediators The expertments described  Were centrifuged at 800 G for 10 mmn The supern:
in this and the article by Hammerstrom et al (13) Were filtered (Millipore 022 ym) m;d usuag‘y N
demonstrate that human monocytes may be rende  Supernatant was n;ided ;z llhc ! TIZ;“;:{:BI;C o
red cytostatic by lymphokines from Iymphocytes gach monocyte culture (dluiion ed from o
ments the supernatants were prepared [ro
stimulated with BCG Cory nebacterium parvun: or Iymphacyte cultures consistng of § x 105 cells pe
allogenerc lymphocytes from either donor On the 4th day of monocyte QU
ail medium was removed and tumour cells were addi
fresh HS M Some cultures were washed three t
MATERIALS AND METHODS with RPMI 1640 0 ascertam that residual Iymphe
supernatants did not anterfere  DNA synthess
lymphocytes was registered n replicates cultures
small tubes (! ml per tube)
Surinnal of monocy tes on the 4th day 1n culure
registered by counting attached cells 1n an mverted pl
contrast mucroscope (X 400) Ten wvisual fields ¥

Blood doriors Mononuclear leucocytes were 1solated
from venous blood of healthy BCG vaccinated tubercu
Lin positive (Pirquet > 5 mm) donors In three
experiments the donors were non vaccrnated tuberculin
negative subjects

Cell cultures Monocy fes were 1solated and cultured 1n tes per ¢
petrt dishes (0 35 mm) i | m! culture volumes as  counted per culture The number ormonocyb"o“
described previously (28 29) The fymphocy te was by plying the mean num il
was non adherent cells removed from culture dishes Per field by the number of fields per dish The via ¢
after of 1 yies for 90 mm  the adherent cells was estimated by f;:“g)"g“h
Lymphocytes were cultured i a concentration of 105 excluding trypan blue (0 4% 1 0 15 Mrlﬂls "
cells per ml Aliquots of | ml were cultured 1 small  Was added to the cultures after removal of
round bottomed tubes (98 X 16 mm)and aliquots of 4 m| Cytostanic abslity of monacy tes 105 umour &
11 larger round bottomed tubes (93 x 24 mm) The target  suspended m | mil HS M were added per monoc
cell 1n the cytostatic assay was the human cell ltne NHIL  culture mahing the mean monocyte tumour cell °2
3025 (28) Cells were cultured in RPAI 1640 supple 21 The cells were co-cultured for 24 hours Four h)‘;:
mented with gentamycin | glutamine and 25 per cent  prior to harvesting 0§ uCt IH thymidine OH TdR‘;
pooled AB serum (HS M) act 26 Ci/mmol) per mi was added The resullL‘

BCG One ampoule freeze dried BCG vacerne (Statens p: as *H TdR m JlH T
Seununstitut Copenhagen Denmark) was suspended in cell co cultures calculated as percentage of "
25 m! Sautons medium A 40 ul sample of this  Incorporation tn tumour cells cultured alone Incfr::‘
suspenston contasning about 106 bacilli was chosen as  tion 1n monocytes was not subtracted bccausxc (‘(umﬂ‘
one standard umit (1 std) The | std suspension was  exceeded 3 per cent of Incorporation mn controls

ted 1n ssotonic sahne so that 40 pl contaned /10 cells cultured alone) N
(Ih/hlloo or 1/1000 std Five std and 10 std were obtained DNA symihesis an hmphootes was reg:sl:m{m
by taking 40 pl and 80 pl respecurely of a suspenston  adding 0 5 pCi 3H TdR per mi HS M four hourf pros .

Y harvesung Lymphocytes in MCs were

of one ampoule BCG 1n 05 m! of Sautons medium
BCG suspensions were always prepared immediately
before use If not otherwise stated the amount of BCG
used for stimulatton of Iymphocytes was 1 std per ml
lymphocyte suspension (106 celts/ml)

tubes by washing the MCs vigorously wath § ml o}

1sotonic saline (30) "
Harsesting The cells transferred to tubes and the !

cultured 1n tubes during the whole pertod were harvestel

Qo
humoral interactions with  with a Tiiertec muluple cell hanvester
demanon o ’”":’,'r"’b?:’sc b)rlmmbz'rs {MCs) The MC Stanisucs The values were calculated from xhe\r:‘l:’-}f:
B e described previously (28 30) MCs  of duplicates Each value presented 1s mean + SE e
technique has been descr expeniments The p values were calculated using

culture dishes contaiming monocytes
Wiﬁxlfu]:::dfo:nu hours The MCs were separated from  Wilcoton two sample test
pre

o



= RESULTS

n Acnotion of cytestanc abiity . monocytes by
1medsators from BCG-sumulated autologous and
Xallogeneic lymphocytes BCG stumulated autologous
+{ymphocytes cultured 1n MCs prouumate to mond-
“oyies for three days actwvated the monocytes (o
= nhibit DNA synthesss tn NHIK 3025 cells (Table
1) The lymphoeytes were stmulated with | std
BCG per ml (about 105 bacili/mi), which was the
optimal dose for induction of DNA synthesis i the
tymphoeytes (Fig 1) The monocytes activated 1n
this way inhibited the H TdR incorporation in the
tumour celis to 50 per cent of incorporation 10
« contrals (tumour cells cultured alone) Meduators

TABLE | Use of the Membrane Chamber (MC)
Technique to Induce Cylostatic Ability sn Monocvtes by
Medwators from BCG Shmutated Lymphocytes

3 TdR
Cujture conditions 1ncorporation 1n
of monocytes prior monocyte/tamous
1o the cytostauc assay cell co-cultures
cpm x103

MC with non stimulated

Iymphocytes 164=10
MC wuth autologous

BCG sumutated lymphocytes 7714
MC with allogenerc

BCG-sumulated lymphocytes 852202
MC with BCG without

Iymphocytes 1565
NaMC 15213
NoMC BCG added 1o monocytes 14711
N monocytes

tumour cells alone 15827

-—

Monocytes were cultured for 24 hours before MCs were

Placed in the culture dishes Op the 4th day MCs and

m\lm medium were semoved and tumour cells were

po L;ﬁ SHTAR wcorporation was registered from the
to the 24th hours of co-culure n - 13 an -6

-_—

Fie 2 4 Tomnen .

© us uem B vacoinated or
a non vaccinated
'::‘\;n On the 4th day MCs and culture medium were
lﬂdqived and NHIK 3025 cells 1 fresh HS M were

8y
8 :\xldk 1ICOrporauon In rephcate lymphocyte cultu
out monocytes Registration on the 4ih day
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Fig 1 3H TdR ncorporation n lymphocytes cultured in
small wbes (106 cells 1n | ml HS M per tube) for five
days with vacious doses of BCG One standard umt fstd)
approx 106 bacills n -3
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culturos as percentage of controls

IHTER incorporation in monocyte/tumour
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Donor rarations related to BCG racanaon
Mediators from BCG lated lymphocytes from
non vaccinated tuberculin negatne subjects wer
only capable to a small extent of rendensg |
autologous monocytes cytostatic (Fig 2) This v |
shown to be due to lymphocyte properties because
the monocytes possessed ability to become cytostate
of exposed to mediators from allogeneic sensitred
Iymphocytes The reduced ability of the Iymphosy
tes to produce monocyte activating medsators on
BCG stimulation was accompaned by a reduced
DNA synthesss The latter was registered 1n
1 n the absence of monocytes

Time of lymphocyle cutturs before collecting
supernatanty

Fig 3 The cytostatic abithty of monocytes incubated
from the Ist to the 4th day with supernatants from non
stimulated lymphocytes (@ @) or BCG sumulated
lymphocytes (A——A) cultured for | 4 or 24 hours
The supernatants were diluted | 2 1n fresh HS M n=3

from allogeneic lymphocytes seemed to be as
effective as medsators from autologous lymphocytes
(Table 1) Non stimulated lymphocytes induced no
cytostatic abslity n the monocytes Neither did BCG
cultured alone 1n the MC (Istd BCG/m!) nor the
same dose of BCG added directly to the one day old
monocytes (Table 1)

Acivation of o tostanc abihity tn monoctes b
supernatants of BCG stimulated hmphootes S8
pernatants at optimal condiions were as §
activators of cytostattc ability m monocytes as te
continuous interaction between monocytes 3¢
stumulated lymphocytes obtained by using the MC
system Monocytes were incubated with 3 11
dilutson of supernatant from the Ist to the 4th d3f
The culture medium was removed and target s
were added to the monocyte monolayer 1 fresh HS
M Supernatants of lymphocytes stimulzted %15
BCG for one hour and four hours did rot actiiat®
the monocytes while 24 hour supernatants ynduced
a strong cytostatc ability in the monocytes Fig 3

Incubation with active supernatants for 24 hours
mstead of three days was sufficent 10 1nduce
optimal cytostatic ablity 1n the monocytes (Fig 4

The number of monocytes at the start of &
cylostatic assay was not different (p>0 1) m the
cultures 1ncubated with supernatants from BCG

stimulated and non stimulated 1y mphocytes (atte

;% 100f- l 2)
3t
se
23 8o
g h
4 I TABLE 2 Sunnal of Monootes Incubaicd W
& I Supernatonts of 29 Hour Lymphooy te Cultures
E oo
E‘ 2 r Percentage
7':‘2 Monocyte culture Number of of eells
83 o condttions from the cells per excluding .
£3 - Ist to the 4th day visual field trypan bl
2
o
20}
E’: Supernatants of g
3 3 non stimulated 3526 >9
Sup of Sup of ymphocytes
BCG-stim non stim .
y o

b G 374 >98
Fig 4 The cy ability of monocy d Il;(n:'nphocyts
with supernatants (diluted 1 2 HS M) forrr; lhfs!;:(;’

a;

the 4th day (C3) or from the 3rd to the 4th day N e were o atuted 1 2

The supernatants were collected from 24 hour cul\u.rc‘

of BCG lated or non
n=6

cn

1n HS M Number and visbility of adherent cells were
registered on the 4th day n=35§



of controls

H
H
N
H

T2 hours
T me of iymphacyte culture betors colis<l oy
2upe natants
Fg 5 The cytostatic ability of monocytes 1ncubated
with supernatants {dituted 1 2 1t HS M) from the 3rd to
the 4th day The supernatants were coflected from BCG
stmulated tymphocytes (A——A) and non stmulated
comrols (@ @) or MLC (O- -0) and non

st mulated controls (X X) cultured for 24 48 and 72
hours o 6

Activation of monocytes by Sfrom

4ol

a0 3
3y 7¢R Incorporation in lymphotytes ¢ pm 10

7 dins

Surstion of cutture

Fig 7 3H TeR incorporation in BCG stmulated lymp
hocytes (A-—aA) and non-stimulated controfs
(¢ @) and m MLC (O- -D) and non stumulated
controls (X X) (106 cells m | ml HS M per cultures
tube) Replicated were harvested every day duning the
first five days and on the Tth day n—4

demonstrated in supernatants from 48 hour and 72
hour cultures (Fig 5) Supernatants from lympho

4
mxed Bbmphocyte cuftures (MLC) compared o
actvation by sup Sfrom BCG il

cytes I with BCG for 24 hours were
strong activators of cytostatic ability 1 monocytes

bmphocytes Supernatants from MLC cultured for
24 houss did not actvate the cytostatic abihity 1n
monacyles A small but increasing achivity was

3 ol
ki
D
i
i s
it e
[
== 20|
3w

Ve Ve
D1t on of auparmatents tnus M

F2 6 The cytostatic abiliy of monocytes cultured from
e 3d \o the 4t day with vamous dilutons of
lymphocyte supernatants The supernatants were collec
ted from 72 hour cultures of non-sumulated (@

©of BCG sumulated (A——a) Iymphocytes n— &

No 1 effect could be demonstrated by
culturing the lymphocytes with BCG up to 72 hours
before coflecting the supernatants (Fig 5} The
TINA synthesss as registered by H TdR incorpora
tion 1n replicates cultured for five days was in
MLC

59+16%103 cpm and n BCG-stumulated
lymphocytes

54x9x103cpm

The monocyte activation by supernatants of 72
bour cultures of BCG-stimulated lymphocytes
dechined steadlly when the supernatants were
dduted {Fig 6)

The release of monocyte acivating mediators
from BCG stimulated lymphocytes preceded the
maximal DNA synthesis i the lymphodytes by
several days (Fig 7) This was not found for MLC

DISCUSSION

The results show that BCG-sumulated lymphocytes
from BUG vacaunated donors release medatars thay,
render buman monocytes strongly Cylostatic to the
human celf line NHIK 3025 Medutors of both
autologous and allogeneic Iymphocytes activated the
monocytes Which 15 In agreement wyh Tesulis
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obtatned 1n rodent systems showing that mediators
of even xenogenic Iymphocytes activate the Cytosta-
tic ablity 1n macrophages (8 9, 10)

Three subjects were not BCG vaccinated but had
all been exposed to tuberculin testing When
stimulated by BCG the lymphocytes from these
donors released less monogyte activating mediators
than lymphocytes from vaccinated donors This is
In agreement with results in ammal systems
demonstrating that anly lymphocytes from sensitr
zed anmimals release macrophage activating media
tors when stimulated by an antigen (9)

In the only publication known to us to have
demonstrated lymphokine activation of tumour cell
cytotoxicity 1 human mononuclear phagocytes the
lymphokines were obtaned from MLC (12) We
found that MLC secreted less monocyte activating
meduators than BCG sumulated sensitized lympho
cytes even though there was no sigmficant diffe
rence 1n the lymphocyte DNA synthesis following
the two types of stimulation There 15 therefore no
proportionality between the secretion of mediators
and the intensity of the DNA synthesis The
dissociation 1n the kmetics of mediator secretion
and DNA synthesis supports the 1dea of these beng
independent phenomena resulung from the same
stimulus

The reason why MLC secreted less monocyte
activating mediators than BCG stimulated lympho
cytes may be that the latter lymphocytes are
sensitized to the antigen However Gougcrot ef al
(12) found that sensitization did not affect the
secretion of macrophage activating factors 1n hu
man MLC If this 1s correct our results indicate that
the type of stimulation 1s tmportant for the release
of monocyte activating mediators

From our experiments the mechamsm for
activation of monocytes by BCG in man seems to be
mediated solely via lymphocyte products No
activation was demonstrated by derect addition of
BCG to the monocytes This confirms results
obtamed 1n rodent systems ndicaung that BCG
induced activation of several macrophage furictions
1s dependent on lymphocyte medators (15 34)

i rat macrophages {2/) In orger 10 wvesugake
whether ingeston of BCG may be a possible
addstional way to acuvate the cytotoxic ability of
monocytes 1 man a more extensive protocol 1s
nefl?:: difference between acttvated and non
activated monocyte cultures was not due 1o :r;
inereased number of monocytes 1n the arxcuvsl

cultures since no increased survival was c:ur:j l:n
the latter Nesther can the results be explawed by

injury to the monocytes and release of component
from dying monocytes that jnbit grow th in NHIl
3025 cells because the survival measured 2
number of adherent cells did not decrease and ther
was no increase mn the percentage of cells nc
excluding trypan blue
Mononuclear phagocytes may influence th
production of lymphokines by stimulated lympho
cytes Macrophage co operaton 1s necessary fo
secretion of medrators by T lymphocytes i 1t
sponse to specific antigens (32) Furthermore
humoral factors of activated macrophages have b
demonstrated to cause mcreased DNA synthesis
stimulated lymphocytes (21) which presumably ¢
accompanied by increased secretion of lymphokines
Humoral interaction betw een monocytes and BCG
f1mul lymphocytes p ding for three day:
did not however amplify the monocyte actnatd
beyond the actsvation promoted by supernaint®
This 18 not necessarily 1 conflict with the paper
ated Our lymphocyte suspenstons contan®
enough adherent cells to support antigenic sumilt
tion (29) Furthermore the monocytes might hiv
been actvated maximally by the supernaisals
Thirdly, monocytes have been found to frashal
DNA synthests m stumulated Iymphocytes ¥
unstable humoral factor(s) (30) which may #5¢
it the lymphohine
Monocytes are constantly and strongly activateé
by lymphokines in the i vitro SyStem described 1
this paper The stability of the i vifro system ané 1
probable relevance for the i vno Situation M2
mahe 1t a useful tool 1n further mvestigation of ¢
mechanisms of immunotherapy
[
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ACTIVATION OF HUMAN MONOCYTES BY MEDIATORS
FROM LYMPHOCYTES STIMULATED WITH
CORYNEBACTERIUM PARVUM

JENS HAMMERSTROM GEIRMUND UNSGAARD & JON LAMVIK

Unwersty of Trondheim Department of Medicine Section for Haematology and Immunology
Trondhem Norway

Hammerswom 3 Unsgasd G & lamwk 3 Acuweton of human monocytes by meduors from

Iymphocytes symulated with Corynebactertym parvum  Acta path myctobiol scand Sect. C 87 167—
175 1979

Human monacytes activated 1 v 770 by of or atfogenerc
Iymphocytes stmulated in witro by Corynebacterum parvim (CP) etpressed increased ability to
suppress DNA-synthests 1 a human tumaur cel! line Monocyte acuvation was not dependent on in
¥ 70 d fferentiation of monocytes enhanced cytostatic ability beng observed at all stages of 1 4 tro
d fferentation The lymphokine 1nduced cytostatic abiity was not affected by intensive washng and
irypsm treatment of the activated monocytes but disappeared during 48 hours of /r vifro culture of the
actvated cells The sncreased cytostauc ability of Iympholane activated monocytes did not seem 10 be
due to stable supernatant factors refeased from monocytes CP stimulated DNA synthests m peripheral
blood lymphocytes of 28 normal donors thus confirmung the mutogensc effect of CP on human
fymphocytes Lymphokine producton 1n response to CP correlated with the magmitude of DNA

syothesis but appeared before DN A synthesis could be detected n the lymphocytes

Key words
macrophage actvaung factor

Monocytes human Corvnebacter um parvim  Cylostasis

lymphocytes  fymphokines

Sens Hammersitom Trondheim Regional Hosprial Department of Meticine Section for Hacmatology and

Immunology ™ 7000 Trondheim Norway
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The

has been
as one of the mam effectors of host resistance
2gainst neaplasia (10} Previous work with anumal
SYSEms both m witro and m o mndicate that
mactaphages acquire the abihty to kil turmour celis
by activation with medsators (tymphokines) released
from sumulated lymphocytes {reviewed m 7)
although agents such as Corynebactersum parvum
P (5) endotoxin (2} and pyran copolymer (31)
bave been reported to mactivates macrophages
without Iymphocyte cooperation The term mac
ihaloh  has been used to denotz a wide range of
functional changes 1n Iymphokine treated macro-
Phages (discussed 1 34) In this study we use it to
increased Cytostatic yfluence of monocytes

activation also induce tumour regresston 1 animals
{23} has ted to several immunotherapeutic trials
with such agents 1n man (16 21) One of the main
agents ewployed CP has been analyzed quite
extensively in rodents Among the muluple effects
prodoced are antitumour activaty {reviewed in 23)
mncreased bone OIAITOW mannevta nead ~ ~
RES

112
son o1 i-cell mediated tamunological reactions
(30) and ereased resistance to bactenal (1) and
wviral (18) snfections

Results of climcal truls with immunotherapy
seem to indicate an urgent need for better upder
standing of the effects before wide.seale application

{8 22) We have only found
ndd by e y found one study which
Teports Tymphoking act;
Th:observauon\haiag:mseﬂecung lear ph: Rjad 23 tum;v:’:::lrll O aman monanic
e—

1ty (13) and.

1&T



none ndicating whether the effects of CP demon
strated n rodents also operate 1n man

In this and the article by Unsgaard et al (34), we
describe results demonstrating that human monocy
tes can be activated n vitro to ncreased cytostatic
influence on human tumour cells by lymphokines
CP mduces lymphokine release and DNA synthesis
in human peripheral blood lymphocytes from
normal untreated donors in vizre thus ndicating
that the for 1 vinopr may
be different 1n human and rodent systems

MATERIALS AND METHODS

Human monocy tes were separated from venous blood of
healthy adults as described tn (15) The mononuclear cell
suspenston obtatned from Ficoll/Isopaque centnifugation
was adjusted to 4 x 106 cell/ml 1n RPMI 1640 (Gibco
Bio Cult Glasgow Scotland} supplemented with 25%

Itured for three days before 2dd uon &5

described below
Corynebacterium parum CP suppled by Dr €
Adlam Wellcome Research Laboratones Kent, Eng
land was cultured and supphed as a freeze<nel
preparation by Dr A Dalen Dept. of Microb ologe
Untversity of Trondheim The strain employed was O
6966 according to the Wellcome classification Rbxck
corresponds o Propiontobacterium avidum type lmm
Johnson & Cummuns classificatton {17} Tt belongs totie
same Serological group as the Institute Mesieut vaccin
IM 1585 (27) and has been shown to postss RES
1 actvity in mice (unpublish A results) Freeze
dried CP was killed by UV irradiavon suspended u
RPMI 1640 at | mg dry werght/mi and sored 2t -
20° C untl use
Actisanon of monogy tes with mediators Jrom CP
stimulated b mphoo tes Lymphocytes were cultured for
three days with or without CP 25 pg/ml The tobes beie
centrifuged (500 G) and the cell free supernatagt filred
through 0 22 1 Millipore filters and stored at 4°C ot
used y No Was stored more thas

pooled human AB Rk + serum 0 | mM | and
40 pg gentamycin per ml (HS M) Aliquots of 05 ml
were incubated 1n 24 well tssue culture plates (Costar
3524 Costar Cambrdge Mass USA well size
17 8% 16 mm) for 90 mnutes The non adherent cells
were d and the monocyt s washed 2-
3 umes with warm RPMI 1640 This resulted 1n
monolayers of > 90% monocytes determined by
phagocytosis of Candida albicans with 1-4 % 105 cells
per well determined by visual counting The adherent cell
count decreased to about half this value after eight days
of cutture Medium (0 5 ml HS M) was changed without
additronal washing after one and four days of culture 1n
wells not used earlier for experiments

Human lymphocvtes The non adherent cells aspirated
after 90 min ncubation of mononuclear blood cells as
described above were adjusted to 106 cells/mt in HS M
and cultured tn round bottomed screw capped 16 X 100
mm glass tubes (Kimax 45066 Kimble Prod Toledo
Ohio USA) 1n aliquots of 1ml The lymphocyte
suspensiod abtained ths way contains about 4%
monocytes sufficient to support a normal proliferative
response fo T cell dependent antigens like PPD and to
PHA (33) Tubes were centrifuged at 100 G at the
\nutiaton of culture DNA synthests in lymphocytes was
determined by adding 2 pCi of methyl JH thymidine
{methyl 3 TdR) (Spact $ wCi/mM  Radiochemical
Centre Amersham England) five hours before harves
ung as described 1n (33) Cultures were assayed in
triplicate Results are given as mean counts per minute
(cpm) or as net ¢pm cajculated as
es with CP = cpm 1n lymphocytes

{cpm 1n lymphocy
without CP)

The kinetics of lymp
by centnfugng the
periods of culture an

were d

ok
cu)tures' {500 O) afier dufferent
d carefully aspirating the medium
which was then discarded Oae m} of fresh !::dl\ée ;J;as
added and the supernatant harvested asdw::! Ao “;v
after 24 hours of further cultuge The filter! snfxy\ 2
tants were assayed for Iymphokine actiyity on mol

two weeks Addtion of CP to control superpatals &
harvest before filtering was shown to have o wfluence
on the results and was omitied 1 most expenments e
medium was aspirated from monocyte monolavers ané
0 5 ml of supernatants from non stmulated (NS sopher
CP smulated (CP sup) lymphocytes diluied 11wt
fresh HS M added Afier 24 hours the SupeTastant 148
aspirated and target cells added as descrtbed below
Assay for target cell DVA synthesis The human oell
tine NHIA 3025 origiating from a carcinoria msiel
the cerviz (28) was used as target cells Tareel ﬂ
monolayers were trypsimzed (025% 3 min) and ¥
cells added to monocyte monolayers n 0 5 mt of (rah(
HSM resulting in effector  target cell ratios ¢
approstmately 10 | DNA synthests i the taret ells
was determuned by adding | pCi methy! 31 TaR forthe
Jast five hours of a 24 hour co-culture penod of effecter
and target cels Cultures were harvested and mwsw;
ted radicactivity deternmuned as described 10 as
Cultures were assayed in tnphcate variation bﬂ“::;
parallels being less than 10% The results ar¢ epIEsy
as % of cpm 1n target cells cultured 1n medium alon¢
pm {monocytes 4 NI 30250
pem (NHIK 3025

wa

patant (he
sndex (€
monocyes

To describe the activation produced by a supe

results are sometimes expressed as Cytostatic

of supernatant treated monocytes relauve (o

cultured in HS M

cpmfsupernatant treated monocytes + NIk 30388 0
cpmiuntreated monacytes + NYIR 3015

Incorporated radioactivity in monocyies was not subtrac
ted since this did not exceed 5% of cpm wm tasget I
cultured alone Target cell methyl 3H TdR incorporation
In controls without monocytes was 60576 +4127 cpm
(mean * SEM of all experiments inchided)

Sratishics P values were obtamned by W ilcoxon $ tWO~
sample test Results given are meanxSEM of #
experiments

cr 100



TABLE | Acnvation of Hurman Monocyfes with

Jfrom CP

Cpm 1n target cells as % of target cell control

Monocyte culture trme before addition of supernatant
Monocyte
teatment 3 days P 7 days P
HS-M 1033+34 5292t
NS sup 932x40 51256
CP-sup 603+36 <0005 178215 0016
MeantSEM

0-324t 3 days n-6at 7 days
p values relative to NS sup

RESULTS

Actvation of monocy te-medrated cytostasis by super-
natants from CP-stumulated lymphocytes Monolay-
ers of human monocytes meubated with superna-
taats from CP-stimulated lymphocytes inhibited
DNA synthesss m homan target tells sigmificantly
more than monocytes treated with control superna-

g

CPM IN TARGET CELLS AS % OF TARGET CELL CONTROL

\ 2 E) A~
DATS OF IN vITRO CULTURE OF MONOCYTES
BEFORE SUPERNATANT ADDITION
Fig 1 Methy] 34 TaR wncorporauon {cpm) 1n NHIK
3025 target ceyls a5 % of cpm 1n NHIK 3025 cultured 1n
medum alone 1n
A——A& HSM reated monocytes + NHIK 3025
QO NS sup eated monocytes + NHIK 3025
&8 CPsup treated monocytes + NHIK 3025
MeansSE A

n=JnlIlnd2dzys n:Squd7dzys

Table 2 Reversal of Supernatant-induced Actvation by
wn vitro culture of Actnvated Monocytes

Thne of assay Cytostatic index

Immeduately afier

activation 4732106

~

Followng 48 hours

of culture in HS-M “07% 22

MeantSEM

n=4

Monocytes cultured for 3 days before addion of
from CP- lated

1 Target cells added on day 4

2 Fresh HS M added on day 4 target cells added on day 6

tants or HSM only (Table 1) Activation was
accomplished at all stages of MONoCyte i vitro
differentiation tested (Table 1 and Fi

2 1) Freshly
isolated monocytes, which 1n this assay actually
stimulated tarpet rel neal favae ~e @t w3

. v
Aeversat o activaton by m vitro culture of
actnated monocytes In order to exammne Whether
the ncreased cytostatic ability produced by lympho-
kune supernatants reflected 4 prmanent change 1n

the MONOCVIES  <nermainns P
. .

Plassau UL Increase
expressed as CI, hag d,
time, the activated

10 cytostatic abyy .
'sappeared completely by this
monocytes showing the same

169



TABLE 3 Lack of Cyiotoxicuty of Supernatants from Actnated Monoo tes

Supernatant source

Cpm 1n target cells as % of target cell control

5 hours exposure

29 hours exposure

{o supernatant to supernatant
HS M treated monocytes 108623 99210
CP sup treated monocyles 1059265 1030262

MeanzSEM

n=3$ for 5 hours exposure n=4 for 29 hours exposure
Monocytes cultured for three days before addition of HS M or supernatants from CP symulated lymphocytes Fresh

HS M added on day 4

Supernatants from HS M or CP sup treated monocytes collected and centrifuged day 5

On day 5 0 25 ml of medsum was withdrawn from fargel cells plated alone on day 4 and

0 25 ml of monocsie

supernatant was added Orie pCi of methy! JH TdR was added immediately (S hours exposure) or 24 hours Tater 129
hours exposure) and the cultures were harvested after 5 hours of methy! 3H TdR incorporation

level of cytostatic ability as HS M-cultured monocy

cytostatic activity tn monocyte supernatznts could
be d d

tes There were no signs of cytotoxic on
the supernatant treated monocytes as cell numbers
and pumbers of celis excluding 0 4% trypan blue
were not different ;n HSM and CP sup treated
monocytes when tested in paralfel cultures on day 6
(data not shown)

Lack of cytostanc ability of supernatants from
acinated monocytes Macrophage mediated cytosta
sis has n several models been aitributed to
supernatant factors (9 20 26} To test whether such
factors might be responsible for the mcreased
cytostatic ability of activated monocytes superna
tants of activated monocytes were added to target
cells cuftured without monocytes (Table 3) No

TABLE 4 [Influence of Intensne Washing and Trypsin
Treatnent of Monocytes Activated with Supernaiants
from CP stmulated Lymphocytes

d by this p.

Effect of intensive washing 1r psin Irealmen
freenng and thawing of actnated monocytes Lo
trol expeniments were performed to test e
following hypotheses The cytostalic influent
mght be due to Jymphotoxin coptamination of e
wells or adherent lymphocytes might be medratig
the effect Intensive washing or trypsit treatment of
the activated monocytes before wrget celd agdiuos
did not however decrease therr cytostalic ability
significantly (Table 4)

In order to examine whether the activation ¢
depended on increased levels of toxtc molecules
accumulatiag 1 the activated cells the monoisyss

1 and

TABLE § fnfluence of Frec ing and Thaning Supernd
tant geinated Monoo tes

Monocyte treatment Cytostatic 1ndex p
1 CPsup 479=51

+ washun 43627 ns
e g s14x69 ns

3 CP sup +irypsin

fean=SEM n=5
:muocytes culigred for 3 days before addiion of
S oty hed 12x with RPMI 1640 before

2 Mornocytes wasl RElahy
dition of target cell on 02
3 ﬁo;::xyus washed once with RPMY 1648 exposed @
025% trypsin for 3 mun and washed once more
before additron of target cells

p relative to CP sup

Cpm i target cells 25

Monocyte treatment !
% of targer celt contrd

HS M + freeze/thaw 4382 87

NS sup + [reeze/thaw sotzit!

CP sup + freeze/thaw 182+ 43
n=3
Mean=SEM ¢
Monocytes cultured for 3 days before addison O
supernatant

Onday 4 the manocytes wese washed once and frozenat
~20°C for 3 hours After | hour of thawing
tewarnung at 370 C 100% humdity target cells were
added
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DAYS OF LYMPHOCYTE CULTURE
i 1 Kinetiss of methy} 3H TéR incorporauon ;p, Cp
tmulated lymphocytes
0——0 Non stmulated Iymphocytes
:]—o Lymphocytes cultured vith ON 6966 35 pg/

Mean£SEM

crm 10?

© 00025 0025 025 23
va Co/m

28

o
oo 250

were washed and the monocytes killed and disrup-
ted by freezing and thawing once before the additton
of target cells At the tume of the addition of
methy! 3H TdR 19 hours later, no mtact monocytes
could be seen by phase-contrast microscopy Target
cells exposed to disrupted activaied monoCytes were
1nfubsted more than those expesed to medium or
control supernatant treated monocytes disrupted mn
the same way (Table 5)

DNA hests in human Jy!
with CP Human peripheral blood lymphocytes
responded to killed CP by DNA-synthesis from the
second day of culture, with 2 peak response between
4-% days {Fig 2) The dose response relationship
{Fig 3) shows that CP induces almost maximal
fesponses over a broad range of concentrations The
concentration of 25 pg/ml was chosen for expers
ments with lymphokine production 1 CP-stimula-
ted lymphocytes All donors tested responded to CP,
with a wide variation of responses (Fig 4)

Kineties of lymphokine production The degree of
cytotouic abiity tnduced i monocytes by a

15 o reflect

lymphokine concentration, because a dose response
canbe 34 Lymph

activity, expressed as Cytostauc index produced

during the last 24 hours of lymphocyte culture at

different stages of CP induced lymphocyte stimula

tion s shown mn Fig 5 Almost maxmmal

L O
220,
1o -
190 ¢
90
80 :
w7 H
2 b
S sl
a0 &
30 K
20 “
0 » <
L ‘%

Fig 2 Doselresponse curve of meth;

zuuon w CPsumulated lymph
s

MeantSEM
a-$5

9L Tap cor
OVIES Cultureg for §

NON STIMULATED

CN 6956

Fig 4 Methyl 3H TdR mcor
rporation n b
ories from 28 normal donors 1 response 1o G fg:
§6 25 ye/mb) Each poms 1 the mean of tiplegyy

cultures 1 one experiment
assa)
lymghocyte cultare Yol on day S ot
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DAYS OF LYMPHOCYTE CULTURE

Fig 5 kimnetics of lymphokine release from human
lymphocytes during the last 24 hours of the culture
pertod ndicated Lymphokine activty assayed on
allogenerc monocytes cultured for 3 days before superna
tant addition and expressed as cytostatic index of
supernatant treated monocytes relative to monocytes
cultured i IS M

O-——0 Non stimulated lymphocyte supernatants
©——® CP sumulated (CN 6966 25 pg/ml) lympho
cyte supernatants

MeanzSEM

n=35

=
=4 4
" L
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v— NET Ly~ NET o

éNA cr owa- CI

synth synth

Low HIGH
RESPONDERS RESPONDERS

Iymphoktne activity was present after the first 14
hours of lymphocyte stimulation at a time when
CP induced DNA synthests was not detectable
Supernatants from non stimulated lymphocytes
also contamned slight monocyte activating actiy
which 1ncreased with the time of lymphocyte
culture

Correlation of Lmphocyte DVA synthesis ond
Iy mphokne production in response to CP Lympho-
cyte donors were ranked m order of net cpm in CP
stimulated lymphocytes and the bottom and top
five were chosen as »low responders« and »high
responders 11 terms of lymphocyte DNA syathe:
sis CP induced lymphokine production tn the tho
groups 15 expressed by the difference m cytostic
index found 1 NS sup treated and CP sup treated
monocytes calculated as net Cl

(C1 1n CP sup treated monacytes = 1 in NS
treated monocytes)

This was done to correct for the slight spontaneous
lymphocyte DNA synthests and Iymphokne pro-
duction found n some experiments The results
shown in Fig 6 indicate a relationship between
lymphocyte DNA-synthesis and Iymphokme pro-
duction 1n response to CP

Effect of supernatants from auologon
allogenere CP-stimulated lymphocyies on nonoo e
activation There was considerable variation in the
lymphokine induced monocyte mediated cytostasis
obtatned n different experiments This might b doe
to differences in lymphokine activity of lymphocy¢
supernatants differences n monocyte responsivé
ness or low levels of reproducibility 10 the
expentmental system

To evaluate this lymphocytes from the same
donor were tested for Iymphokme production on
different occasions and lymphocyte supernatants
produced 1n one experiment were tested on different
mornocyte populations The results of 15 separate

s and

ration repone

Fig 6 Correlation of lymphocyte prohife
b o fated lympho

and lymphoktne release from CP stmu
cytes

O Methyl 3H TdR mcorporation
6966 25 pg/ml) lymphocytes cultured for
expressed as (cpm tn CP stmulated lymphocyt
1n non stimulated tymphocytes) .
W CPinduced lymphokine actvity in lyrmﬂ""“:“1
supernatants expressed as net CI (Clin CP sup treat
monocytes — CI in NS sup treated monocytes) ‘
Monocytes cultured for 3 days before addinon O
supernatant

Mean£SEM

n = 5§ 0 each group

1n CP sumulated (C*
5 dnys
5 = P



TABLE 6 Act atan of Monocytes by Supernatont’ of
Autologous or Allogene ¢ CP st m lated Ly mphocy 1es.

Our {alure to demonstrate cytostatic actvity 1
the sup of activated ytes 1s by no

No of Cytostatic
Lymphocyt® (oernaants  index 1n separate

om0t~ exarm ved expenments

I 4 67 576 459 5442
T 2 599 58S s80?

1B L 81 N

ES 1 4112 372

SH t 423 363

NN 1 3300 12

wh fgure 15 the mean of triplicate determinations 1n
e experiment.

Allogeneic monocytes as effector cells

wnocytes cultured for 3 days before adduion of
pernatant.

xperiments (Tzble 6) ndicate that the amount of
nanacyte actiwation tnduced expressed as Cytostatic
ndex 15 dependent on lymphokine activity n the
Wpermatent A gaven supernatant seems 10 produce
tbout the same level of activation in both autolo
20us and aflogeneic monocytes and the assay sebms
o be susprisingly reproducible

DISCUSSION
The acuvation of human phag

means 1 since such factors may be labile
or inhibited by serum components but stable
factors such as cold thymidine can e exciuded

The control expeniments with intensive washing
and trypsin treatment of actuivated monocytes
Indicates that the cytostatic nfluence demonsirated
1s not du¢ to contaminating \ymphocytes 1n the
onafayer of 10 passive adserption of fymphotox
\os or aptibodies o monocyte membranes Resis
tance of lymphokine activation to irypsia has beent
described 1n 2 guinea pig systers (7) and reversal of
the actvation of i 1o CP actnated macrophages
by 48 hottrs of 1 vitro culture reported In a mous¢
system {25) The eflect of exposimg target cells 1o
monotytes distupted by freenng and thawing 15
mose &ifficult to nlerpret but the inhibition
produced by discupted supernatant-activated mono-
cytes suggests that fymphokine activation leads to

of toxic motecutes 1o the

Their possible nature and onigin remawns to be
determined

Lymphokines seem to be able to activate human
monocytes at alt siages of n vitrg differentiatson
but a quanttative analysis of the lymphokine
responsiveness of monocytes at different stages 1s
difficult 1n this type of assay Differences 1
y k of h pula
tions have been deseribed 1n amymals (28) and

experiments afe 1 progress to examine this
question 10 man
)

2
1o ncreased tumour cefl cytotoxicity by mediators
from sumulated human lymphocytes has to our
oowledpe been described only once previousty by
Gougernt et al (13)1n a refatively long term (24 h)

release microessay The feproducible (in each
of 32 experiments) activation obtamed m our

Sy¥em makes 1t possible 10 vestigate further the
mechasms of | kine 1nduced

Al 28 lymphocyte donors tested toCP
by i utre DNAsynthess thus indicattng 2
mitogentc effect of CP on human lymphocytes as
demonstsated by Godal ef af {12} The broad range
of concentrations grving almost maximal response
was also Tioted by Godat et al  and mdicates that CP
may have unusual characteristics as a lymphocyte
mitogen The lower end of the plateau 1s well within

shagocyte acuvation in a completely human i vutro
system

. The results are 1n general agreement with data

« @l otgin A1) Lhe mechamsms by which
Iymphokines acuvate macrophages and macro
Phages kil tumour cells are ly poorly

the range ob fe with the doses employed 1
cmeal work with CP (23) even when not
considermg the antigen accumutation that probably
octurs 3t reactive Sies such 25 the liver and the
spleen (29) The variation of the response may
among other things be vefated 10 a secondary
response beng supenmposed on the mutogenic
response 1n sensiized dividuals 2s many norma)
mdmlduals have antibodies to CP (3§} The

understood considenng the extensive research yn
s fielt A wide array of secretory products
teleased from macrophages has been described
some of these interfenng with thymidine ncorpora
:l:nsz)says (26) others actually lysing tumour cells

11 response to CP ;
with the magawude of DNA-synthess n the
Iymphocytes thuS rasing the possibdity that
sensttized sodwiduals may respond to CP with
Bugher levels of macrophage actvation 2s has been,
:knwns(med in anmal systems (4) However all
donors 10 CP with d b




Iymphokine release, thus indicating that the need for
11 vivo sensitization required 1n animals tn order to
obtam i vitro lymphokune release by CP-stimula-
tion (5) does not apply to human systems The
dissociation observed 1n the kinetics of lymphokine
release and DNA synthesis in sumulated tymphocy-
tes has been described previously for migratory
mhibitory factor (MIF) (3} macrophage activating
factor (MAF) (13) and lymphotoxin (19) the last
two m human cells

In ammal systems, CP has been reported to
activate macrophages without lymphocyte coopera-
tion (S) The results of experiments undertaken to
examine whether this observation can be extended
to human cells wil be presented mn a later
publication
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Cancer Society and G U a research fellow of the

advanced breast cancer with a combinaton ¢
1 adnamycin meth d:

fluorouractl (CAMF) with and wthout € panw
Proc Am Soc Chn Oncol 17 296 1576

9 Ferluga J Schorlemmer H U Bapusn L €
Altison 4 C Production of the complemet
cleavage product Cla by activated macrophagt
and its tumorolytic effects Chn exp Immunol J
512-517, 1978

10 Fink M A (Ed) The macrophage m neoplist
Academic Press nc New York San Fransse
London 1976 )

U1 Ghaffar A Cullen R T Dunbar N & Wooird
M F A Antt tumour effect 1n vitro of [ymphocyt
and macrophages from mice treated wih Cﬁf;\‘“
bacterum panum Br 3 Cones 29 -0
1974

12 Godal T Klepp O & Qnsrud M Muogencelit
of Corynebactenum parum on T lymphocyte ¢
human perpheral blood Cancer Immundl 1mm
nother 3 69-71 1977

13 Gougerot M A Dunmitriy A D M Legrand L
Hamburger J Demonstratton of a puman fymphe
Kine which renders macrophages cytotoxie At
Immuno! (Inst Pasteur) /28 ¢ 521~63 '8}

14 Halpern 8 N FPreor A R Bz G Sufel €

Norwegian Research Council for Science and H)

REFERENCES

Adlam C  Broughwn E S & Scot M T
Enhanced resistance of mice to infection with
bactera following pre treagment with Cory nebacte
riym parvum Nature New Brol 235 219-220
1972

Alexander P & Evans R Endotoxin and double
stranded RNA render macrophages cytotoxic Na
ture New Biol 232 76-68 1971

~

Mouton D Morard J C Bouthilier ¥ i
Dec i C de ] activite pRogts:
tare du systeme reticuloendothelial provoq::eg
Corynebacterum parvum 1 Retculoendoll
1 7796 1963 erens
15 Hammerstrom J Human macrophage d:;rch':m
arson
t1on 10 vivo and jn vitro A compars o

and n
microbiot seand Sect € &7 113120 1979 .
16 fsrael 1 & Edelstes R Nonspesific immunos
mulation with Corynebacterium paryum i hum;
cancer Collect. Pap Annu Symp Fundam Can
Res 26 485-504 1975

al
b I L & Cumms C S Cll ¥
oo and deoxy feic acid stmadant®

Bloom B R Gaffney J & Jumene» 1, D
of MIF prod and cell 1f ]
Immunol 209 1393-13%3 1972
Bomford R & Christe G H  Mechamsms of
by Coryneb panum
11 In vivo experiments Cell Immunol /7 [50-
155 1975
Christte G H & Bomford R Mechamsms of
-bacterium parvum
macrophage acivation by Cor net
I In witro expernments Cell Immupol 7 143~
149 1975
Cuzne G 4 Activated macrophages kill tumour
cells by releasing arginase Nature 277 758-759

;]?lzfd J R Pessens W F & Churchil} )"/ H

w

s

©

N

-

y Jymp
lo Fak M A
or immunity abrief 18V
?Eg ;“n'.lrbe macsophage m _neoplasia Aslzdcm.c
Press New York London 1576 ppké‘lazhw "
De Jager R Finsky c Kau/ng_l 9 !

among the anaerobic Coryneforms classical Pwmi
nobactenia and stramns of Arachma propionice
Bact 709 1047 1972

12 Kufc‘hnzr H Hirt H M & Munk K Pm(em:’
agamst Herpes simplex virus wfection W mlgf] ')
Corynebactersum parvum Infect Immun /6
97 o

\9 Kramer J J & Granger G A Relauomhxpm
Iymphotoxin secrenon and DNA synthesis m& "
human mixed lymphocyte reaction i viro
Immunol {7 192-201 1975

20 Kumg J T Brooks S B Jakway J P Leammiu'ao
L & Talmage D # Suppression of 11 “wd
cytotoxic response by macrophages due 1o nd
arginase J Exp Med /46 665672 1977

21 Mathe G Amuel J L Schuar-emberg L Sdm;
der M Cattan A Schlumberger § R Haret b
& de bassal F Acuve immunotherapy for 2cul?
Ilymphoid leukemia Lancet 7 697695 1969 p

22 Mc M B Empleton M J Renes ¥

oa

Oetigen H & Krakoff 1



2

2

Langman M J S & Deane M Controtted trial of
acuve maunotherapy 1 management of stage Tt B
tnalignant melapoma Br Med J [ 540-542
1977
Mios L & Scon M T Antaumour acuvity of
Corynebacterum parvum Advy Cancer Res 26
B1-306 1918
Nordhve K & Ofiebro R Esiablishment of four
new cell strains from human uterine cervix | Exp
Cell Res 52 458 1969
Olvotto M & Bomford R 1n vitro mhibion of
tumour cell growth and DNA synthesis by pento
Teal and Yung macrophages from mice mjected with
Corynebactertum parvum Int J Cancer I3 478—
488 1974
Opt B G Nethammer D Jackson R €
Lemke H Huget R & Flad H D Biochemucal
characterzation of a factor released from macropha
ges Cell Immunol 18 70-75 1975
Roumant f M Mynard M C Coquet B
Goldman € & Ayme G Acvte and chrome
tox citses 10 mammal and subhuman primates with
mactvated Corynebacterum suspension In Hal
pern B (EQ) Corynebacterwm parvum Plenym
Press New York 1975 pp 11-27
Ruco L P & Melt er M S Macrophage activation
for tumour cytotomiaty  Increased lymphokine
of pentoneal during
alcqu;é soflammation J Immunol 120 1054-1062
Sadler T E Cramp W A & Castro J E
Raduolabelling of Corynebactertum parvum and 1ts

w

3

i3

3.

by

=

w
ES

distribution 1 mie Br 3 Cancer 35 357-368
1977
Scott M T Buological effects of the adjuvant
Corynebacterum paryum 1 lnbibon of PHA
mxed lymphocyte and GVH reacuvity Cell
Immunol 5 459468 1972
Schuliz R M Papamatheaks J D & Chirigos M
A Darect activation 12 vitro of mouse peritoneal
macropbages by pyran copolymer (NSC 46015)
Cell Immunol 29 403409 1977
Siyi¢ ¥ S & Warson S R ‘The adjuvant effect of
Corynebacterum parsum  T-cell dependence of
macrophage activation 3 Exp Med {45 45-57
17

Onsgaard G [mmunc-inductive and 1mmuno-
suppressive inftuence of human mononuciear pha
gocytes cultured 1 Vitro Acta path microbio)
scand Sect C 85 381-388 1977

Unsgaard G Hammerstrom J & Lamvik J
Cytostatic effect on tumor cells induced 1 human
monocytes by meduators from BCG stmulated
lymphocytes and MLC Acta path microbio! scand
Sect. C 87 159-166 1979

Wolberg G Duncan G § Adlam C & Whisnant
4 K Antbody to Corynebacterrum parvum 1o
tormal humap and ansmal sera Infect Immun /5
1004-1007 1977

Wolmark N & Fisher B The effect of a single and
repeated admsnsstration of Corynebacterium parum
on bone marrow macrophage colony production 1n
Syngeneic fumor bearing rmce Cancer Res 34
2869-2872 1974

115






13 path microbiol scand Sect. C 87 171-183 1979

ISOLATION OF ENZYMATICALLY DERIVED
FRAGMENTS OF PORCINE IgG AND AN EXAMINATION
OF THEIR REACTIVITY
AGAINST STAPHYLOCOCCAL PROTEIN A

CURT ENDRESEN

The Gade Instiute Department of Micromology University of Bergen Bergen Norway

Endresen C lsolation of enzymaucally denved fragments of porcine [gG and an examination of thetr
reactivity against staphylococeal protein A Acta path microbio! scand Sect. C 87 177-183 1979

Pzpan drgestion of porcine 1¢G in the absence of cysteine resulted 1n a rather poof yield of fragments
fiess than 5 per cent) In the presence of cysteine 70 to 80 per cent of the IgG was degradated 1n 4 b
Fragments with molecular weight of about 100 000 and 50 000 were separated by gel filtration The
munor fracuon (mol w1 100 000) most probably consisted of F(c); fragmemts Fab/c fragments with
both Fc and Fab deternunants and also probably some Flablrlike fragments The Flc); fragments
appeared to be a dimer of Fc stabilized by disulphide bonds The second mawn fraction (mol wit
S0000) contaned Fc and Fab fragments Mild reducuon of the Fc fragments resuled mn Fe
subfragments of different sizes thus indicaung that papam cleavages had occutred on different spots 1n
the Fc chan Non reduced Fe fragments therefore seem to consist of several Fc subfragments stabilized
by disulphide bonds The protein A reacuvnty of the isolated Fe fragments were rather low compared
to the reactivity of intact JgG respectively 515 and 90 per cent. In addiuon proten A reactive Fab
fragments were 150lated from normal porcine 1gG

key words Porcine 1G staphylococeal protein A
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The proteclytic degradation of IgG nto macro-
molecular fragments has been ‘widely used 1n studies
aimedat defining the location and structural basis of
the vanous brological characteristics of antibody
molecutes

Earleer studies of sotated enzymatcally derived
Fe subfragments from human gumea pig and
fabbus have shown that ther binding 1o protemn A
‘;n: dependent on Cy2-Cu3 anteraction No
d):gmenvs $o small that they contained only one
h ﬂ;-'u: showed any binding capacity to protein A
1 5) Normal porcine IgG as well as normal
o Tom most mammaluun spectes react with

phylococeal protein A through the Fc part of the
Talobulia molecule (6 9 12 13 16)

T has earber also been described that traces of

Fab fragments isolated from normal human and
gumea prg I1gG showed reactivity against protein A
(8) and recently similar reactivity 1s found 1n
normal Fab fragment 1solated from rabbst 1gG (2)
This report deals with the 1solation and partial
of porcine IgG subfi and

evamines their interaction with protem A

MATERIALS AND METHODS

Purification of porcte IgG from pooled normaf sera was
performed by 2mmonium sulphate precipuation follow
ed by chromatography on a diethylaminoethyl cellulose

(DE 32 Whatman E; )
(DE 32 Wawme, Exgad) clmn 3652 o
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was concentrated by pressure dialysis to concentrations
of 1520 mg per ml and stored at —22°C if not used
immediately

Papatn digestion of IgG was carried out using 2 X
crystallized papain (Sigma, USA) m 0 1 M phosphate
buffer, 00! M EDTA-Naz, pH 70, with a papan
substrate ratio of 1 100 (w/w) Proteolysis was perfor-
med with and without cysteme (001 M) In some
experyments the proteolysis was stopped by adding

de or N-ethy de 50 per cent greater
than the cysleine concentratton or, when cysteine was
onutted to 0 01 M concentration

Separation of Fab and Fc was performed using a column
contaiung Whatman DE-32 cellulose equilibrated with
0 01 M phosphate buffer, pH 8 0 Samples were dialysed
against the same buffer prior to chromatography Most
of the Fab material was eluted by raising the ionic
strength of the bulfer to 0 045 M The Fc matenal was
eluted by using a linear gradient ranging from 0 045 M
to 0 3 M Na-phosphate buffer, pH 8 0

Gel filtration of papam digests was performed on
columns of Sephadex G-150 (Pharmacia, Sweden)
(3 2%91 cm) equilibrated with 0 1 M Tns-HCIL, 02 M
NaCl, 2 mM EDTA Najand 0 02 per cent sodism azide,
pH 7 6 The columns were operated upwards using a
pumping speed of 15 mi/h Fractons (8 mi) were
collected 1n a time-operated fraction collector The Kay
(average partictpation coefficient) values of the fracttona-
ted protems were calculated according to Laurent &
Killander (15}

Flab'), fragments were prepared by digestion of purified
porcine [gG with pepsin (Sigma) n a 01 M acetate
buffer, pH 40 $ mM NaCl 16 h
at 37°C the substrate to enzyme ratio being 100 3 (w/
w) The digest was then fractionated on a column of
Sephadex G-150 equilibrated with 01 M Tns HCI
puffer pH 78 contamng 02 M NaCl and 2 mM

EDTA-Naz

Fab fragments were prepared by reduction of 1solated
Flab') m02M2 {pH 8 0—
8 5) ncubated at room lemperature for 18 h followed
by alkylation m 03 M rodoacetamede for 3 h at 37°C,
and finally dialysis against saline buffered to pH 72

were prepared by digeston of purified
(Sigma) 1 a O | M acetate buffer pH
mAl NaCl incubation 18 h at 31°C
the substrate fo enzyme ratio beng 100 ) (w/w) The
digest was fractionated on a column of Sep’ +1ex G-150
as described above and then the fraction conuu;‘l;lg the
pFc’ fragments was concentrated and further gel fi lra(l)cxli
on 2 Sephadex G-100 column equilibrated with !
ammonium mrbonalcrbuﬁer.éﬂ{wiol;h; T:":!ome
ng the pFc' fragmen! o
:‘:&‘:sl:;nganalysrs against rabbit anti porcine Fab’ and

rabbit anti-porcine Fc serum

pFe fragments
1gG with pepsin
4 5, contaimng S

oy

Reduction and alkylation of the protemn samples nere
performed as described 1n {19}

Apparent molecular wewghts of the JgG fragments and
their polypeptide chans after reduction and alkylaton
were determuned by the method of Andrens (1) usingthe
Kay values estimated as described by Laurens & Killandir
(s

Concentration of protemn was carried out by ultrafiltraton
using Amicon cells and UM-2 filters (Do the
Netherlands), and the protemn concentration determed
as described 1n {17)

Antisera to poraine serum IgG, Fab'and Fe fragments
were obtamned from rabbits given 2 ntramuscolar
mjections of antigen In complete Freunds adpant
(Difco, USA), 2 weeks apart Two boaster imjections ¥
mg each) were given subcutaneously, § and 10 weeks
after the first injection Blood was drawa from the
marginal ear vein 6 to 7 days after each booster injection
Commercial goat antt porcine serum and goat lﬂ"‘
porctne IgG serum (Behringwerke AG, West Germany
were also used

Immunoelectrophoresss was performed usifig Sm‘)
Agar Noble (Dtfco) in barbntone buffer (1 0025 pf
and a voltage of 6-8 V/em

as descnibed by

t
Double diffusion in agar was carried oU o

Ouchterlony (20) 1n | per cent Agar N
barbitone buffer (0 025, pH 8 6}

Sodium dodecyisulphate (SDS) polyacnylamide gel ’I":’,
trophoresis (PAGE) was performed according to Laem!
& Favre (14) using 10 or 125 per cent gel

Sepharose-profeint A was prepared as described milt

RESULTS

Only the IgG matenal which was eluted from ;?,fl
DEAE-cellulose column with 002 M Trs !d

buffer, pH 80 was examned 1 thts s\uhzr
Analyses of the 1sofated IgG by smmunoelectrop! .
rests revealed only one arc without any spur agmrﬁu
both commerctal goat anti porcine serunt. goat 32 "
porcine IgG serum, and antisera rased 1n rab ;0
agamst porcine serum and tsolated 1gG Appro¥ .
per cent of the isolated IgG was examned usmsas
digestion ume from 1 to 16 h The digestiont _"\m
performed at pH 7 0 with and without ¢ysteine g
results of the gel filtration on Sephadex G-150 an

the simmunoelectrophoretic analysis of the drgests
are shown on Fig | and 2, respectively Only 2
mumor fraction of the 1gG was sphit by papau 10 "‘;
absence of cystene (Fig | A, B) However, Wit

cysteine present, approx 70 per cent of the 1gG was
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N contaes normal porcine serum Troughs 1 3 5 and 6
Fan % numbered fiom the top were filled wih rabit ant
Jed with
1 normal porcine serem troughs 2 and 4 were fill
?a;‘ﬂ,,naiq‘t: !ﬂ:um‘e ne  rabbu any parcine 12G
K Tk, 002
o
* digested already after 4 h After 16 h some more
4 {2G was spht but 23 shown by immuncéleciropho
0 00 resis (Fig 2} the Fe line was weaker and more
Etutron volume, mi diffuse 1ndwcating that also the Fe fragments had
been further degradated In the 16 b digest an
w anodic fragment cowld be seen (Fig 2} This hive
v

Popa ndgest on
P10 16h QDIMeyste ne
u
oy s o
'T kg2
o « LT

00

4o g0
Eltion vorume mi

e J Get franon on Sephades G 150 (31 2x 93 em
Se 2 al) of the papan digest of porane 1gG
ihout Eysteine (A and B) and w ith cyste ne IC 259 D)
The eotamn was equilibrated with, 0 1 M TrisHCL
WSier pH 78 conwining 02 M NoQ1 2 M EDTA
:2 ;nﬂol per cent sodium azide Eluton fate 15 2 ml

most probably represents the Fc fragment which
could hot always be detected 1n the 4 h digest
‘Papun dsgestion 1n the presence of cyStesne gase
also 8 munor fraction {(K,, 023) which has an
etanon vofume corresponding to a mol wt of about
100000 Both Flab); and Fe fragments reacted
partafly wib this fracion agamst speaific rabbit
ant 1¢G serum (Fig 3} The K,, 0 23 (racton was
applied 10 an ymmunosorbent column contamng
Sepharose with fixed speafic rabut ants pororme
£b anubodies About 40 per cent of Yhe apphet
material reacted with the immuUnosorbent and after
¢luton from the column this portion stll reacted
with both 2 Fab and anti Fe sera i double
diffusion analysis The o reactve porfion, how
ever reacted only with antt Fe Serum Thas it
seems that the matersal fog reactine to ant Fab
conzesponds 1o dimers of Fc fragments The reactive
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Fig 3 Immunodiffusion of the matertal with K,y =
023 (Fig 1filled 1 well (1) porcine 1gG (2) punified
Flab )2{3) punified Fc(4) rabbit anti porcine 1gG serum
{5)

fraction containing both Fab and Fe determinants
may correspond to the Fab/c fragment 1solated by
paparn digestion of normal human IgG as described
by Michaelsen & Narvig (18) However the presence
of some F(ab); fragments cannot be excluded (18)
The peak eluted from the Sephadex G 150 witha
K.y 0f 041 contaiming Fab and Fc fragments was
concentrated and chromatographed on a DEAE-
cellulose column The Fab fragments were eluted 1n
one peak (A) whereas the Fc fragments were found

&0 0

1 2 peaks (B and C) (Fig 4) Amalysis of the Fe
material 1solated from peaks B and C by double
diffusion and immunoelectrophorests agamst dife
rent antisera did not mdicate antigenic differences
(Fig 5) Only mmor differences 1n the peplie
patterns were observed by SDS-lectrophoresis of
mercaptoethanol reduced samples (Fig 6) Determ
nation of the mobilities i SDS-lectrophoresis
showed that the approx mol wt of the mn

,2‘_,~ -

et o L

e 230

EWt on votume i

Fig 4 DEAE 1on exchange chromatography of the Fab
and Fc contaming fraction (Kav 041) The column
(15%30 cm) was equilibrated with 001 M sodium
phosphate buffer pH 80 Fab fragments were eluted off
the column with 0 045 M sodum phosphate buffer The
Fc material was released using a linear gradient of 300
ml 0045 M buffer 1n the muxing chamber and 300 m!
chamber Elution rate 20 ml per h The fractions were
pooled as drcated

Fig 5 A Double diffuston analysts of mater:

al from
s 14G

ad

5} Fc (peak B)(2) Fec{peak C){(3) and the papain dgest

{fer pH 8 0 in thereservoir  of porcine 126G (4) Troughs | 2 an
0 3 M sodwm phosphate butler the top were filled with rabbit ant porcine 1

third trough was filled with rabbit antt F

d 4 numbered from
G (he
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Fg 6 SDS polyacrylamude gel electrophares s of the Fe
fragments non reduced and reduced with 5 per cent
mercaptoethanol (1) Fe (peak B) (2) Fc (peak B) reduced
() Fe (peak ©) (4) Fe (peak C) reduced (5) Fe (peak B)
prote 5 A reactive {6) F (peak B) protein A reactive and
teduced and {7) reduced and alkytated 1G

a

pepudes ranged from 25000 to 10000 SDS
electrophoresis of non reduced newly prepared Fc
Tragments mdicated the presence of some fragments
Stthmol Wt of around 45 000 to 50 000 34 000
24000 to 18000 and 10000 However durning
storage at 4°C for a few days n concentrated
solutions the Fc fragments apparently formed
suble dmers which behaved Ike a 100 000
fragment by SDS-electrophorests and by gel filtra
tton o0 Sephadex G 200 10 5 M guarudine HCl 1 M
HAC When the same matersal was concentrated
reduced alkylated and gel filtered on a Sephadex
G20 s M guamdme HC1 1 M HAc 3 peaks
(L3 1D were formed (Fig I

Eltion veluma mt

;fe 7 Gel firauon on Sephadex G 200 of reduced Fe

ml;clll:n Q5x43 cm Vo 552 m) was
Tale ind

HOL g™ e wich | 31 HAC $ M Guanid ne

fra
Mi:::l IlIL(G) PFc fragments (5 7 and 8) rabbit any

TABLE | Protein A Reactivity of Porcine IgG and
Various Subfragments of Porcine 1gG as Est mated on a
Sepharose Protein A Column

Proter A
Fractions reactvity
per cent
16 90-92
Fab {peak A Fig 4} 2-5
Fc (peak B Fig 4) 13-15
Felpeak C Fig 4) 5-7
Fe subfragment (peak I Fig 7) 0
Fe subfragment (peak 1T A Fig ) 0
Fc subfragment (peak I1 B Fig 7) [

Peak 1 seemed to contain fragments ranging in
size from mol wt 24 000 to 20 000 and peak 1I
fragments n the range of mol wt 18000 to
10000 Peak I contaned maternal which accor
dmg to the K,, (0 86) should have mol wt of
approx 6 000 This matersal gave no precipitation
with the antisera (Fig 7) and was not further
examined Peak 1I was divided into 2 fractions
called II A and II B Double diffusion in agar
showed that peak I and fraction 1l A shared
antigemic determinants Fraction 11 B seemed mostly
to consist of materal of the Cy3 domamm but
contaminated fragments from the Cy2 cannot be
excluded

All fragments 1solated were tested for proten A
reactvity as previously described {5) Samples (2-3
mg protem) were passed through a Sepharose

le 8 The wwr« formation

Fi

between proten A (1)
normal rabb t 1gG (2} and proter
porome R Pprotem A reactive normat



protein A column with a inding capacity of 4 8 mg
purified human Fc The results are shown wn Table
| There was not only an interaction of whole 1gG
and parts of the Fc material with protein A, but alsa
some of the papain derived monovalent Fab {(from
peak A, Fig 4) and some of the pepsin-derived
Flab ), fragments fixed to the Sepharose proten A
column Furthermore, concentrated Flab?), frag-
ments (5 mg/ml) produced a sstar« together with
protein A and normal rabhit IgG (Fig 8} Monova-
lent Fab or Fab® fragments showed no reaction, the
reaction thus being dependent on the divalent Fab),
fragments

DISCUSSION

The normal porcine IgG 1solated 1n this study has
not been exanuned for subclasses By ustng similar
isolasion methods, Kaltrerder & Johnson (11} found
that the IgG from mmmunized ammals which was
eluted off the DEAE-cellulose column with 0 02 M
Tris-HCl buffer, pH 8 0, consisted of IgG 1 and 1gG
2 The other subclasses present, [8G 3 and IgG 4,
were retarded on the column and could be eluted by
ncreasing the 1omic strength of the buffer Most
probably the 1solated I3G preparation examined 1
this study consists of the subclasses 1gG | and IgG
2 These 2 subclasses cannot be separated by
smmunoelectrophoresss {11)

As shown the proteolysis of porcine IgG with
papain 1s dependent on the presence of cysteine, and
can thus be compared to that of human IgG 2 and
1gG 4 (7, 10) An explanation for this can be that
the foldurg of the polypeptide chamns 1n the IgG
masks the site(s) of proteolysis with papain The
cleavage of some disulphide bridges in the heavy
chains by a reducing agent such as cysteine leads to
exposure of sites 1n the hinge or near to the hinge
region which are susceptible to the enzyme In
addition to cleavage near the hinge region 1t 15 also
obvious that papan sphtting also occurs at sites
along the Fc chain as shown by SDS electrophoresis
of non reduced and reduced Fc preparations Most
prabably, smaller peptide unuts of Fc are stabilized
by ntra doman disulphide bridges

Approx 90 per cent of the 1solated IgG reaed
with protein A, the reactiity of porcine kG ths
being comparable to that of human and gumea pg
12G (4, 5) However, 1n contrast to the Fe fragments
wsolated from human and gumnea pg IgG te
purified Fc fragments from porcine IgG shoned
rather low reactvity (approx 5-15 per cent) This
may be due to Structural alterations of the Fe chuss
caused by papain splitting

Very slight differences i the pepude paterns of
protein A non-reactive and protemn A reacte T
preparations Were observed by SDS-¢lectrophoress
(Fig 6) However, 1t1s possible that the non reacnt
fragments have lost short pepudes which are of
smportance for the proten A reacuvity Ths
reactivity has previously (5) been found 0 be
dependent on a complete Fc cham No durect
precipitayon was observed between ssolated frag
ments and protem A The Fab/clihe fragmens
1solated, contaning both Fab and Fe structurss,
gave no precipitation n agar with protem A ata
concentration of about 10 mg per ml

As described earber, traces of Flab); fragmests
ssolated from normal human guinea pig 20d it

IgG (2, 8) were protein A reactive This w35 315)"
true for a small portion of normal porane Flab

fragments as well as papan-derived Fab fragments
The Flab'), fragments formed a »star« togethef ‘;"h
proten A and pormal rabbit [2G (Fi8 8
described earlier using human and guined Pé

normal F(ab), If this reactity 1s dué 10 uz;
presence of traces of 13G n normal se;-\ :;“\s

immunogenic specificities against protein
due to a small portion of IgG present con
protein A non ymmune reactive determnan
Fab region, remans to be demonstrated

taming 3
t o the
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Results are presented 1o show that protetn A (pA) may fix to the Fab region of IgG outside the anugen
bunding ste Thus pA reactve Fab fragments were 1solated both from spectfic anti-egg albumun and
speafic ants measles virus antbodies A probable significance of thus Fab reactivity 1 the precipitation

reacton between IgG and pA 15 discussed Reacuve Iy

Rormal seca afl showed similar av
bowever observed The avidity
1¢G was highest 1n the latter

8G from human guinea pig rabbit, and porcine

wity towards pA Slight dulferences between 13G subclasses were
of pA reacve Fab and Fc fragments isolated from normal porane

Key words Immunoglobulm G Fe and Fab fragments proten A binding
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The interaction between proten A (pA) from
Staphylococcus aureus and 1gG from 2 number of
mammalan species 15 well documented (9 10 13

1417) This interacuon ss explained as a binding of
DA 1O tha Favan « ¢ -

ol alaguents contaming an intact Fc chatn were
PA reactve (4)

mular results were obtained by the
eXammation of Fe from 12G of gumea pig (3) rabbyt
and porcine sera (2) In addition to the pA Fc

mnieraction Grov & Endresen (8) showed that pA

Tabdit 1gG (1) and

The present Study deals both with the avidy
ty of
he interacuon between pA ang normal IgG from

human guinea pig porcine and rabbit sera and
ssolated Fab and Fc fragments from porcmne I5G as

well as with the nature of the PA reacuve Fab
fragments

MATERIALS AND METHODS

Mormal human rabbit guinea pig and poreine IgG were
isolated from pooled sera as Ppreviously described (1 2
34

Guinea pig ant egg afbumn

(EA) annserum was
produced as described 1n (7)

Guinea pig anit measles virus antrserum w35 prepased by

2 Ttr oy . .
" s L T

S e
b mUIE Licd One week afier the fast



All other antisera used were obtamed from Behning-
werhe (BRD) or were made in our laboratory as
described earlier {1, 2, 3, 4}

Gunea pig IgGp and [gG were 1solated as descrtbed 1n
{15) and 11s specrfic ant T\ and anti menles virus
anubodies were polated on a cotumn of Sepharose | A
(7) and absorpuion with meastes virus (20} respectinely

Hab'); and Fab fragments were prepared as described 1n
(16, 19)

Porcine Fab Flab’)y and Fe were obtained as described n
)

Sepharose AB-protun A (Seph-p4) nav made as previo-
usly described (7) Scpharose 4B ClL-protein A obtamed
from Pharmacia (Uppaala Sweden) was also used The
columns (1 x 10 cnthwere equatibrated with PBS After
application of the sample the column was washed with
50 mt PBS and then connected to the gradient system
which consisted of 50 ml PBS 1n the mixing chamber and
50 ml 35 M sodwm thiocyanate (NaSCNJ in the
reservoir chamber The fractions were collected 1n 1 ml
portions

Diffusion in agar and immunoelectrophoresis were
performed as described earlier (4)

RESULTS

Normal sera from man, rabbit, guinea pig and
swine, and a gumea-pigammune serum, were
analysed for both pA binding and conditions for
elution, ustng a gradient system of 0—3 5 M sodium
throcyanate The elution dragrams are presented 1n
Fig 1 The immunoelectrophoretic analysis of
bound and unbound material 1s presented in Fig 2

Absorbed IgG material from all sera was eluted
using NaSCN concentrations of between | 4 and
27 M The elutiont profiles especially of 1gG from
normal human and immune gwinea pig sera,
(ndicated some heterogeneity 1n the affinity of IgG
far pA (Fig 1. A and B) The IgG material 1n
normal human serum and the 1gG n the guinea pig
1mmune serum which contains more of the IgGy
subclass than normal gumea pig serum, eluted 1n
two partially separated peahs The immunoelectro-

-

of normal sera from human
! f;:’l;l:l?)gr:ag:{t (C), and porcine (D) origin oln
a Sepharose protem A column (1 0% 10¢m) ;glf sax?:nc
volumes were 1 mi, with the exception of ral :1 y S::-p;é
which was 2m! In add)mo:s toa:gzr?:zls;::d a gB "dm\nd

W

::;lv:)gg B:zi:‘;n;l:?t:i[xms eluted ofT using a gradicnt of
increasing molarity of NaSCN (0-3 5

Fig
(A), guv
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horeuc patterns of bound human J2G and guwea
g 1eG indicated that the peaks represented
\fferent subctasses (Fig 2 A and B) Apparently
uinea pig 1gG, has a somewhat lower aviduty than
G

&
Punificd Fab and Fe fragments from porcine 12G
sere eluted off the Seph pA colump using different

—

2 {

Fig 2 Immuncelscirophoresis of reacuve and non
feacuve materiat of huran (A) pamea pig immune
serum (B) rabbut serum {C) and porcine serum (D) The
@ ferent fracuons analyzed pumbered froms 1 10 10 are
1odicated 1n Fig | The antisera used are rabbst anu
tormal buman serum @ NHS) rabbit ant normal
tunea pip serum (@ NGS) goatanu notmal Tabbr
1::;\ @NRS) 3nd rabbit ant normal porcine serum (a

oo,

s 10 50 0 150
Copp Elution votume ml
10
5
05
o
oz
o
5 0 0 100 0

Elution volume ml
Fig 3 Chromatography of Fab (A) and Fc (B) isolated

from normal porcine IgG on a Sepbarose protern A
column

cancentrations of NaSCN as shown m Fig 3 The
Fab fragments however showed some heterogene
1ty with regard to pA binding since they eluted over
a rather wide range of NaSCN concentrations
Rechromatography of the bound protems demon
strated sipular patterns of bindng No difference
was observed when the Fab and Fc fragments were
apphed to the column 1 a ymxture or when they
were tested separately Isolation of guinea pig IgG,
and 1gG, was performed by a combination of
ammomum sulphate precipitation and DEAE-
celiulose 126 ibod

with specificity agawst EA were ssolated using a
Sepharose calumn with covalently bound EA The
1solated 1gG2and IgG) the latter having an immune
specificity agamst EA both precipitated pA agar,
as dd punfied 1gGy having a specificity agaist
measles virus Pepsin digestion of the punfied

r s 4 Suuwl LY ther
binding o the column as did also the papan
fragments Faby; and Faby,



All other antisera used were obtained from Behring
werke {(BRD) or were made n our laboratory as
described earlier (1 2 3 &)

Guinea py, IGr and IkG were wolated as deseribed
(15) and us speerfic anti E A and anti nasles virus
antibodies were 1olated on 2 column of Supharese LA
(7) and absorption with meastes virus (20} respectely

HFab ); and Fab fragmenis were prepared as described 1n
6 19

Porcine Fab Flab ) and Fe were obtained as described 1n
Q)

Scpharcse 48 prwan A (Scph p4) was made as provio
usly described (7} Sepharose 4B CL protun A obtained
from Pharmacta (Uppsala Sweden) was also used The
columns {1 X 10 cmMwere equilibrated with PBS  Afier
application of the sample the columa was washed with
50 mi PBS and then connccted to the gradent system
wtuch consisted of 56 mI PBS in the mixing chamber and
50 ml 35 M sodium thiocyanate (NaSCN) in the
reservoir chamber The [ractions were collected 1n | ml
portions

Diyffusion in agar and immunoelectrophorests were
performed as described earler (4)

RESULTS

Normal sera from man rabbit guwmnea pig and
swine and a guinea pig ummune Sserum  were
analysed for both pA binding and conditions for
elution ustng a gradient system of (-3 5 M sodium
thiocyanate The elution diagrams are presented
Fig ] The immunoelectrophoretic analysis of
bound and unbound material 1s presented in Fig 2
Absorbed IgG matenal from all sera was eluted
using NaSCN concentrations of between | 4 and
27 M The elution profiles especally of 1gG from
normal human and mmune guinea pig Sera
indicated some heterogeneity 1n the aflimty of IgG
for pA (Fig 1 A and B) The 1gG matenal in
normal human serum and the IgG 1n the guinea pig
ymmune serum which contamns more of the IgG,
subclass than normal guinea pig serum eluted 1n

two partially

p d peaks The °
-
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{ZL; gl\nnce: pig (B} rabbxlt ©) (a]ng zolr;l:; ;D'l;oe“si:: :1:
A column

:asleup;‘:;o\iger‘:";l::ll with the exception of nbb:x ::;m?g
which was 2 ml Inaddition to normal ser:d a th dmfcd
antiegg albumin (EA) was also analyz  granem of
curve) Bound protein was eluted ofl’ l;smg
increasing molarity of NaSCN (0-3 5.
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horet ¢ patterns of bound human IgG and guinea
1 IgG mdicated that the peaks represented

Wfferent subclasses (Fig 2 A and B) Apparently

inea p g gG has a somewhat lower avidity than
G

&
Punfied Faband Fc fragments from porcine 1gG
nere eluted off the Seph pA column using different

) rabbit anu pormal
ab\);GS) EOat anti normal rabb t
YD ¢ 20t normal porcine serum a

P02 pg serym
serum (3 N
Nra RS s

00,

5 0 50 00 150
Elut on votume ml

5 0 %0 00 750
Elut on volume ml

Fig 3 Chromatography of Fab (A) and F¢ (B) solated
from normal porcine IgG on a Sepharose protem A
column

concentrations of NaSCN as shown in Fig 3 The
Fab fragments however showed some heterogene
1ty with regard to pA binding since they eluted over
a rather wide range of NaSCN concentrations
Rechromatography of the bound protemns demon
strated sumular patterns of binding No difference
was observed when the Fab and Fc fragments were
applied to the column 1 a mixture or when they
were tested separately Isolation of guinea pig IgG,
and IgG, was performed by a combiation of
ammomum sulphate precipitation and DEAE
cellulose hy (15) IgG, by
with specificity agamnst EA were solated using 2
Sepharose column with covalently bound EA The
ssolated IsGoand IgG, the latter having 2n immune
specificity agamnst EA both precipitated pA 1n agar
as dud purified 13Gy having a specificity against
measles virus  Pepsin digestion of the punfied
ended the p reaction

However traces of the Flabyy); and Flby)
fragments did react with pA as shown by ther
binding to the column as did also the papan
fragments Faby, and Faby,




All other antisera used were obtained from Behring-
werke (BRD) or were made 1n our laboratory as
described earlier (1, 2 3, 4)

Guinea pie 1eGy and IgG> were 1olated ay described in
(15} and sts speaific antt FA and ant-measles virus
antibodtes were wolated on a column of Sepharose-E A
(7)and absorption with measles v1rus (20) respectiely

Fab ) and Fab fragmems were prepared as described 10
(16, 19)

Porcine Fab Flab )y and Fe were obtaned as described 1n
2)

Scpharose 4B-protct A (Scph-p4) was made as provio
usty described (7) Sepharose 4B CL protein A obtained
from Pharmacia (Uppsala Sweden) was also used The
columns (I x 10 cmMsere equilibrated with PBS After
application of the sample the column way washed with
50 m! PBS and then connected to the gradient <3 stem
which consisted of 5¢ m1 PBS in the mixing chamber and
50 m! 35 M sodium thiocyanate {NaSCN) in the
reservotr chamber The fractions were collected m ! ml
portions

Dyffuston in agar and immunoelectrophoresis were
performed as described earher (4)

RESULTS

Normal sera from man, rabbit, guinea pig and
swine, and a guinea-pigmmune Serum, were
analysed for both pA binding and conditions for
elution, using a gradient system of 0—3 5 M sodium
h, te The elution are presented in
Tz 4 The wamuucelectrapharetic analysis of
bound and unbound material 1s presented 1n Fig 2

Absorbed IgG matenal from all sera was eluted
using NaSCN concentrations of between 14 and
27M The elution profiles especially of IgG from
normal human and immune guinea pig sera,
1ndicated some heterogeneuty 1n the affimty of 1gG
for pA (Fig 1, A and B) The IgG material in
normal human serum and the IgG 1n the guinea pig
\mmune serum which contains more of the 1gG,
subclass than normal guinea pig serum elu}ed n
two partally separated peaks The o

Chromatography of pormal sera from human
(FAg), glumez pig (B), rabbit (C), and por(():me ;Dr)hﬁ',: ol:
3 Sepharose proten A column{l oxl c;n The Sem,;n
volumes were | ml, with the exceptton of ral e
which was 2 ! In addttion to normazldser:d 2 (gs dm&d
ant1 egg albumin (EA) was also analyz B ot
curve) Bound protein was eluted ofl Slx)smz g
increasing molarity of ‘NaSCN (03
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Endresen C & Grov A Isclation of enzymatically
denved fragments of gumea pig 1gG and an
exasunation of their reactvity agawst staphylococ
calproten A Acta path mucrobiol scand Sect C
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Endresen C Heggeness M & Grov A Trypuc
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Interaction with staphylacoccal protein A Scand 1
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Forsgren A & Sjoquist J  Protein A« from S
aureus 1 Pseudo immune reaction with human ¥
globulin I Immunol 97 822-827 1966

Gros A Studies on the interaction between
saphylococcal protera A and the Feregion of
immunoglobubn G Atta path microbio! scand
Sect. A Suppl 236 77-83 1973

Grov A & Endresen C An of the

1

Y

o

=

Structural relationship between some mouse and
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Kromall G Seal U S Finstad J & Williams R
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Leshe R G Q & Cohen S Chemical propertes of
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Biochem J 120 787-795 1970

Leste R G Q Melamed M D & Cohen S The
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Reactions of staphylococeal antigens with normal
2 ¥G globulins and 4G globulin fragments of
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Kromalt G Interactions betw.
protein A and y globulins Thests Unversity of
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protemn A reactivity with yG globu
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The binding of murine immunoglobuhns to staphy
lococeal protem A J Immunol 120 1493-1496
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properties of fragments of gutnea pig yy and 2
antibodies obtamed by paparn digestion and mild
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and sera from patients with subacute sclerosing
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Immunot 5 979-992 1976



The Flab',i}; fragments with specifieity against
EA or measles virus 8ave, after concentration to
20-25 mg/ml, a »star« together with pA apd
normal rabbit IgG as earlier shown for guney pig
Flab'y,); fragments isofated from normal guipnea pig
sera (8) A mixture of Flab'yy); and normal rabbyt
1gG coprecipstated with pA n agar

DISCUSSION

A range of salt concentrations between J 4and 2 7
M was used for the elution of immunoglobulins
from all species tested The resulls indicte a
simulanty 1n natere and in the binding forces
between pA and 123G from al) these species The
results of testing the binding of mmuenoglobulias (o
Seph-pA showed some differences m the avidity of
18G subclasses The difference between IgG, and
18G, from guinea pig was the most pronounced. but
also subclasses of human JeG showed a Shighdly
different avidity against pA (Figs 1 AandB, 2A
and B)

The domtnant reaction between pA and normal
18G 15 the Fc mnteraction It was shown that it was
necessary 1o use an almost sdentical salt concentra-
ton to split the binding between PA and porcine Feo
as was needed for mtact IgG The pature of the Fab
interaction with pA ssems to be weaker and
somewhat heterogeneous simce the Fab fragments
eluted over a rather broad range of salt concentra-
tions (Fig 3 A)

Recently, Mackenzic et al (18) described that
only Fc and not Ftab); fragments 1solated from
murine IgG, fixed to the Seph pA column How-
ever, 1t has been shown by Kromal et at (12)
workmng with stmular murine myeloma Tg0, that
only one of these murine myeloma 1gG precipitated
PA., the others either did not react at all or ese
showed onfy infubition reacuvity The amount of
{gG having Fab reactvity seems 1o correlate wyth
the precipitating capacity of the serum The amount
of [g(G having Fab reactivity found 1n normal rabbit
serum was smalfer than that of normal porcine
serum (I, 2} Normal porcine sera precipitate pA

ell, normal rabbit sera do not
ve%: rl:,asan why Machenzie et al 1)8) aid not
detect traces of Fab reactivity can be that they have
used Fab from a pA non preapitating 15G

Narmal guinea pig IgG, consisting mostly of
subclass 3Gy as well as 1gGy solated from a
gwnea pig antt EA serum, 15 known to premwg:
PA(S) Punified [5Gy antibodie, spenfic sgainst EA
and measles virus also precipitate pA, and ot
be shown that small porons of the Flab'yy Lo
Faby) fragments 1solated from these specfic an

188

dies reacted with pA These results Strongly suggest
that pA nteracts with a region on the Fab
fragments dfferent from the true antigen binding
site

Ta venfy 1f the antigen binding site could be
excluded, ragsing of ant-idiotypic anttbodies m both
Bumea pigs and rabbits was atiempted However
after absorpton of the antisera with PA nop
feactive Flab’h, no antt idiotypic antibodies were
seen (personal observation) The Fab eactse st
cannot be within the hinge region sinee boh
pepsin-derived Fab’), and papain-derived Fab frag
ments are pA-reactive (2) It 1s known that the'Fab
fragments have lost most of the hinge region

A very important unsolved problem 5 the

g of the Fab 1n the precp

reacuon between pA and IgG It has earher been
shown that only the pA-reactive Flab); from
normal fgG can replace immune Flab); w B¢
»star« phenomenon (8) The marn fractton of Flab)
fragments 1solated (>>95 per cent) was pi mon
reactive and gave no »star« (8 Furthermore onfy
bivalent pA-reactive Flab?); gave both stare and
coprecipitation (8) Stce the pA-reactive Flab)
fragments 1solated from normal IgG can substinie
reactve Flab ), from anti-pA, it is possible m;‘,
normal IgG having a Fab reactivity like that
spectfic IgG antibodies 15 responsible for ¢
precipitation reaction between pA and normal serd
The Fab reactvity may be responsible for th:
secondary reactton suggested by Kromall et at 113
Who postulated a two step reaction for the precipits
tion of pA by human y-globuhn

PA+YG &=  pAYG = [pAY
soluble precipiialé
complexes

They were alsp able 10 show that the second
reaction was dtfferent from the prymary reactiont
which gasve only soluble completes {13}

The pA-binding site on Fab of normat 13G
probably of the same or simiar patse as that of F¢
fragments even though fragmenis from poraine
1gG showed lower pA avidity of the Fab thanof F¢
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THE HUMAN MIXED LYMPHOCYTE REACTION
RESPONDER AND STIMULATOR CAPACITIES
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Yiokiand P & Heron 1 The human mixed lymphocyle reaction Responder and stimulator capactiies
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E rosette sedimentation with AET treated sheep red blood cells and human Iymphocytes provided a
source of hughly punified T and non T cells Together with unseparated cells these were tested for
respander and stumulator capacisies 1 the mixed lymphocyte reaction and 1t was found that the non T
cells were weak but consistent responders only when T cells were present as sumulators On the other
hand TT combinanons always exhibited weak prolferation demonstrating that T cells possess
sumulator czpacities Adherent cells grown on Petnn dishes were found to evert 2 dual functan as
helper cells 1 Jow and suppressor cells 18 hugh concentrations

Key mords Human mused iymphocyte reacton T and ron T subpopulations Petr dish adherent oells

P Hokland Institute of Medical Microbiology Bartholin Burldimg,. Unsversity of Aarhus D 8000
Aarbus Denmark
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The muxed lymphocyte reaction (MLR) has been
used both as a test of histocompatibility and 2s an 1n

¥Iro model of homograft rejecuon It has been
established that the cells

and Blomgren (1977} found that monocytes of

stimulator or responder ongin could restore the

response of an MLR depleted of these cells

Furthermore 1t has been shown that in the human
h

10 this assay are maimly T-cells (dndersson e al
1973 Han et at 1976 Poiter & Moore 1977) and

that most of the sumulatory capactty 1s found 1n the
0ONT ot fonme ~ 07 1 -

. .

¢ipiess surtace ymrmuncglobulin (Philips & Wess-
fose {974) Furthermore, it has been amply
demonstrated that T cells possess certasn stmula
tory capacities (Lonal & McDevirt 1977)

Another cell population of importance in the
MLR ts that of the monocytes Alter & Bach 1330

Ives can exert potent stimulation
{Rode & Gordon 1974}

Abbreviauons
AET = 542 amioethy! 1s0-thiouronmm bromude) hy
drobromude 99%
FCS = foetal calf serum
’ . -
[ v
Sutplll UL Y g/
MLR = mixed lymphocyte reaction
PBL = penpheral blood lymphocytes
\;}S\"— ::Egawmg buffered sahne pH - 72
BT numwf:meu Park Memorial Tnstitute
SREC = sheep red blood celts
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The aim of the present study was to further
elucidate the role of pure T and ton T cell fractions
n the human MLR and to examune the role of
monocytes in ths reaction

MATERIALS AND METHODS

U Lymphocy te Isolation

Lymphocytes from normal human blood donors were
prepared by I F flotation (Bayum 1968) of freshly drawn
heparimzed venous blood or bufly coat cells obtaiped
following slow centrifugation of decalcified blood

The lymphocyte rich fraction Was washed three tumes
1 medium 199 and centrifuged at 200 G for § myn
whereupon the cell concentration was adyusted to
1% 107/m1 Mean and standard deviation of lymphocyte
recoveries during these 1solations were 76 | + 32%
(calculated from total feucocyte and Leishman.differen
tial celf counts) The viabiiity was always greater than
95% as judged by trypan blue dye exclusron

2 Afonocyte Hentificanon

M, meell were 1ds by their
ability to phagocytose latex or fluolite  particles
Undomm: 1975) In rosette suspenstons morphologica)
erteria determmed after acridine orange staming were
used (Hertel Wulff & Rubin 1976) 1n the aforementio
ned 1sol the mean of yles was
140 (range 12~22}

3 Removal of Phagocytie and Adherent Cells

Treatment of I F cell suspenstons with carbony] iron
pawder and a magnet provided a source of monocyte
depleted lymphocytes To each milisiitre of ce)) suspen
sion {1 x 107 per ml) 2 mg of carbony) iron was added
The mixture was carefully suspended 1n a ) hre Roux
bottle and tacubated for [ hour at 37°C ;n a §% COo,
environment The wron was collected with a magnet 1n
one end of the bottle and the lymphocytes decanted off
Decanting under magnetism was repeated twice The
resuling cell suspension usually contained less than
0 3% monocytes and the lymphocyte yield was about
§0% No significant changes in the relative proportions
of lymphocytes with different markers were observed
after this procedure

4 Preparation of Monocytes
Adherent cell monolayers were prepared on plashic
Petr1 dishes (Nunc Roskilde Denmark) as described by
Koller et al (1973) To each dish @ S5 mm) was
added around 2x {07 unseparated peripheral blood
lymphocytes (PBL) 1n 7 ml of culture medium };rhse
adherent cell monolayers formed were rinsed with PB:
after 24 48 and 72 h and the culture medium reneved
after each ninse After the last renewal the adherent cellﬁ
were d by a rubber p and u;deu.;en
concentration adsusted ta | x 106/mtin :ulturs medn

5 £ rosettes

SRBC (obtained weekly form Statens Serummstiuge
Copenhagen Denmark) were washed four tmes 1 oold
saline immedately before use and treated with AET
(Sigma St Lows USA) as previously described
(Hokland et al 1976)

Rosetung was performed by mrung equal votumes of
AET SRBC(1 % suspenston) and Iymphocytes (1 x |0¢/
ml)  Alter mcubation at 37°C for 15 mm s
tentnifugation 2t 250 G for § mun the mnwre was
incubated at 4°C for at least 45 mun After add ton of
acndine orange stain the percentage of rosette formng
cells was determined by counting at least 200 viale oells
under a Lewz Orthoplan phase contrast microstope
equipped with an Osram HBO 200 mercury lamp and 1
Opak  fluorvertical mMlununator (E Ler Wewly
Germany) Acridine orange stam permits a ¢ sunchonto
be made between aggregated red cells and roseties snd
between monocytes and lymphocytes (Herrel il &
Rubin 1976)

6 Separation of T and non T Lymphoo tes

T lymphocytes were separated from non T cels by
AET SRBC rosette sedtmentation essenualy as pres
ously described (Hokland et al 1976} The punflcaten's
outlined m Fig 1 Briefly E rosettes were produced by
incubating 3 x 106 jymphocytes 1 2 5 m] med um 199
with 2 5 mlofa | % AET SRBC suspenston in med um
{99 and weating them as described under (5) Before
resuspenston | 5 ml of the supernatant was replaced by
foetal calf serum (FCS) By means of a wide bore Pasteur
Pipette the rosettes were then layered onto 3w § ¥ t‘)“ (_:
[0 m! test tube and centrifuged at approximately 65
for 30 min Ths procedure separated T cells (pellet) from
non T cells (interface) The rosettng procedure as
repeated with the interphase cells after they had been
pipetted off and washed twice 1n culture med um

PBL
.
AET SRBC

NON 7

! .
AET SREC

RESUSPENSION

DISCARDED
NH, Ct Nl

PURFIED T CELLS PUR FIED_NON_T CEULS)

eld of monocytes after ths proced
t"lr_:hr;y\lhe tma\. number of monocytes present ungsimlTI);
ranged from § to 37% The purity ranged from 6. »8] X
{mean 69%) the rest of the cells being lymphocytehike

192

Fig I Punficaton of the T and non T lymph"ﬁ‘)x
fractions  For further description see paragraph
Matenials and Methods



The T eells 1z the pellet were resuspended to 4 m and
surred oz a vortex muxer for 1-2 min Thereafter the E
roseting procedure was repeated In order to lyse red
cells all cell suspensions Were treated with 0 01 M Tris
O836NHCL pH 72 at 31°C for 5 min After one
sash 12 PBS and one m culture medium the celt
suspens ons were ready for culturing The interfase of
the second T rosette sedumentation was not used 1n the
experments subsequently described

7 Culiuring Condutions

To 100 ml RPMI 1640 without L glutamne
GoooltS mb pooled heat mnactivated male A serum
{provided by the Blood Bank Municipal Hospatal
Aarbus) T ml Hepes bulfer salution (Microbrological
Assocuates) 1 ml non-esseatial aminoacids (Gibeo) 108
IE perzcill and 100 pg streptomycrn solution and 1 ml
L ghutzmine (G beo) were added

‘lerwm performed 1n flat bottomed microutre
g = -

TABLE 1 Percentage of AET SRBC Rosettes
Lymphocytes Subpopulations before and after I F Flota
tions Mean and Standard Deviation 15 Shown

Unseparated cells TB4zeaz
T-cells after one 916=5149
1 F sedimentation
T-cell after two 9872175
I F sedimentation
Non T cells after one 18£062
1 F sedimentation
Noa T cells after 04z021

two sedimentations

three expeniments In two of them neither the

e nor the had been
. °‘:‘_"4" depleted for monocytes and the monocytes added
149¢ 43 or 105 responder cells and 105 autol were al logenerc In the thurd both
addted stmulator cells (exp 57 Table 2 1€ T T
e 4 . .
Y
b - third the optimum
it AU Darvested

onio glassfibre fifters using a 12

xnnel SCMU Alomane sample harvester (Skatron
:dyen Norway) The fiter strips were dried and

© 2 m santllavon flud 1 countisg vials.
Counting was performed 1n 2 Packard 2450 nhqud
sanullauon specirophotometer MLR and control cultu
155 Were done it triplicate cultures The median of these
P! cate cultures has been, used 1f not otherwise stated

RESULTS
The T ceti ana

1on T cel fractions recovered
the separanon e

procedure outlined n Fig | gave
‘n:;sensmm Wi viabilities over 95% and yields
T as percent of the

g gy L o maximum obtainable)
m(r} Table | the T cell markers (AET rosettes) of
< Iractions are shown after the first and second
Tosetse de:;l:l\nﬂuon It can be seen that a relatvely
0n 1S obtained already after the first
Sedimentation (1 §% Tuelt contaminiation) and that

the
h;";:f :_Ttmher degree of punification 1n the

nthe - . - N
anda . )
In .. ;
MIR L L ’ D
{recon - : "

-

tion1s 10% whereas the optimum value 1 the two
other experiments ranges from 12 t0 40% In every
case however a clear mhibiion of the MLR
response was seen when more than 50% monccy
tes were added

28

%

ceMr10 2

0 20 0 80 go
Addition of sdherant cats (%)

100

Fig 2 Thymidine incorporauon i MLR cutruces sy

[ monacytes
addion of Petn dish cells were O 03x m?efo.re
102x 103 and A 181x0? Mean and standard
te cultures are shown  Comyry

cultures O 377 cpm @ 763 Pm A 42 ¢pm



TABLE 2 DNA Synthesis in MLR’s Combining Dyfferent Lymphocyte Subpopulations Numbers in Parenthesis are
Stimulation Indices

MLR combinations Exp No

Responder  Stimulator i 2 3 4 5 § 7

Control 135 255 45 266 ] 253 #
Sasep Unsep 1544 (115) 1197(47) 1536(341) 1552(58)  3590(44 3) 2537(100) 65140148
non-T 1355(100) 1842(72) 3086 (68 6) 4100(50 6} 7697(304) 5488(128
T 834(62) 5350220 1228(272) 632(24) 106013 1) 1305(52) s30{120)

Control 420 201 53 218 348 101 121
on T Unsep 875(21)  744(37)  NT 464(21) 1388(40) 1544(153) THED
nonT 53513 351008 56(10) 2120000 4s0(t3) 266026 100
92022 82141} 283(53)  272(13)  919Q6) 2001 (198) SI5BY

Control 314 134 54 189 199 487 4
r Unsep 1487(47)  1005(75) 117117 3064(162) 1270(64) 2396(49) 41520105
non-T 2105(67)  1987(148) 4181(774) 2654(140) 1418(71) 6909014 2) 47890106
T 619(21)  398(30) 1268(235) 941(50) 6167(310) 2090(43 4

The and stmul of the DISCUSSION

purified lymphocyte fractions were tested in paralfel
with unseparated adherent cell depleted cells from
the same donor, these had been subjected to the
same treatment without addition of SRBC (gradient
centrifugation — and NH(Cl as the punified
subpopulations In each MLR combination 2 x 104
adherent cells from the responder cell donor was
added te the culture These did not significantly
1nfluence the thymudine incorporation 1n the control
cultures The data from seven such expersments are
summacized m Table 2 It will be seen that
ted cells were fated by all three
stimulator cell preparations the non-T cell fraction
guing the highest (Mean S 1 48 5) and the T cell
fraction the lowest counts (Mean SI 98),
(sgmuficant shmulation defined here as sumulation
indsces greater than 20) In contrast to this the
non-T 2l (racuon could be sumulated by the
unseparated cells (Mean S 1§ 6)and the T-fraction
{Mean S1 5 7), whereas the non-T cell fraction did
not show any sumulatory capaaity (Mean S1 14)
When an allogenerc non-T cell fraction was used as
responder celis then similar resulls to those using
unseparated cells were observed Agam the T cell
fraction showed stimulaory Tapaces (Mean S 1
11 6) In experiments 5~7 comparisons were made
between the different control procedures and 1t was
found that addition of the autologous srraduated
cellc did ot sigmficantly ncrease the 0?2‘10‘ values

The many contradictory reports on the sdentity of
the cells responsible for stimulator and responset
functions 1 the human MLR prompted us ©
investigate this problem further and tne presest
study was designed to elucidate the yole of T and
non-T cell fractions 1 the MLR Tre metod
chosen to purify these subpopulations was e AET:
SRBC method since we have already demonstrated
that 1t 15 an efficient separatton tool {foklond etal
1976) The results of surface marker assays o1 tié
purified cells (Table 1) further support this \hié
the T cell fraction contamed 9% AEY-SRBCRF

and non-T fraction 0 4%

In an earher report we demonsirared tat 2
subpopulation of the non T cell fraction which did
not form E rosettes with sheep erythaocyiss sepsitt
zed with IgG anubody (EA-RFC) but possessed 18
on their surface were the most potent stmalator
cells, whilst the T cell fraction were found to b the
maost potent responder cells (Hokland et ol 1978
Because of the complexity of the nter{ase
we have deliberately used the expression no!
fraction thereby stressing that it contauss
subpopulations of lymphocytes which 10 varying
extents bear surface immunoglobulin, receptors for
the Fe portion of 1gG. and receptors for comple-
ment fractions

Our data (Table 2) demonstrate that the most
efficient responders are the T cells and that the most
efficient stimulators are found i the non'T &l

fracuon
1T el
sevenal



s

fraction, thus supporting several other reports (Han
etal 1976 Potter & Moore 1977 van QOers &
Zeylemaker 1977 Lohrmann et af 19742 Lohr
mann et of 1974b) Furthy two

It can be speculated that soluble mediators are
for the nhub of tt dine tncorpo-

ration this phenomenon has been demonstrated for
exudate cells (Fernbach et al 1976)

potnts emerge

First a consistent pattern of proliferation 1n the
pon T cell fraction 15 obtained Sigmeficant thymn
dine 1ncorporation 15 seen only when T cells are
present m the stimulator population 1€ mn the
eombinations »B« + unseparated and »B« + T
ml]s whereas » B« +» Ba cells results m no detec

has been demonstrated 1 mice by Harrison & Paul
(973} and von Bokmer (1974) but 1t has not
previously been observed 1n 2 human MLR DNA
synthesis as a of the of

actsvated macrophages alone (Nefson 1973) and
both normal and activated macrophages (Calderon
& Unanue 1915) Fernbach et al (1976) also
showed that intubition of DNA synthesis in low to
medium concentrations of monocytes could be due
o of neold« d by
the monocytes However that study also demon
strated that at higher concentrations of monocytes
the MLR was truly inhibted Further support for
an mhibrtory role of monocytes in the human MLR
comes from a study by Laugther & Twomey (1577)
‘who showed that suppression of MLR responses
equated with the presence of a cell mch m

Tesponder cells by sumutator celis may occur as
fllows {1} the stumutator e may ntself synthesize
DNA This s highly unlikely 1n our system because
the stmlator cells were irradiated with 4500 rads
) the cxll may secrete a soluble blastogeme factor
2 consequence of 1ts recogrution of the responder
Beell thig factor provokes B cell proliferation
Secondly our data indicates that T cells possess
Sumulatory capatyties This can be seen from the
it that the combmation T+ T cells 1n afl of the
S(;ven €Xperiments exhibited sigmficant sumulation
MeanST 11 6) ‘These results are not

esterase Likewise Wass & Fuch
{1977) showed that macrophages present i normal
rat spleen preparations could account for the
difficulty 1n generating cytotoxie Tcells 1n MLR s
prepared with rat cells

Our data therefore suggest a dual role for
monocytes n the human MLR 1n that they enhance
the response at lower concentrations and mhibit st at
tugh concentrations Whether these functions are
exerted by the same cells or by separate subpopula
tions of monocytes or include the same or different
medhators cannot be judged from our results

wih Han 1 af 1976} Han & Dadey (1976) and
ﬁlhw & Moore (1977) but 1 agreement with
bl _,r;r;ann ol (19743) yan Ocrs & Zeylemaker
s Lonat & McDevut (1977) and Blomgren

AlSo 10 2 recent study Hansen et al (1977)
b pmia;‘?yd;":ﬁﬁ e;hal these stimulatint T
ool within the Fe negative

The rote of mONOCYtes 1n the human MLR has

10t been extensvel,

{1970y

Blomgren (1977) foun,
d that macrophages

both sumulator ang resbonder NMM“L = o

ns=

Strated tha

Sumulate ( oL,

5 (@ ths srugy Wwhich were

dishes showed very Inge

«

2 o1Le mol
culured from Petry
tf any ~ stuimulatory

ration monocytes
mxm:g be due SImPly 10 crowding 1 the
trom o use addition of iradiated lymphocytes

Tesponder doror did ey show this effect
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Thym dine mcorporation by
compared 10 27 children

y lymphocytes obtamed from adenods (AVL) and blood (PBL) were
Opumal

duraton of culture were

dit as regards cell number and

worked out The spontaneous thymidine incorporation was higher i PBL
an 18 AVL In cultures

stumulated by polyclonal activators or by PPD the responses of PBL were

curves for PBL and AVL after sumufation with killed # influen ae were

rent PBL showed 2 higher response the optimal antigen concentration was lower for PBL and
to

bigher The dose response

afle

the antigen
Key words | Yies adenod

was higher in PBL than in AVL.

responses

gmH Mogensen Department of Infections Diseases M Rigshospualet DK 2100 Copenhagen @
mark

Received 10 x 73 Accepted 7 xi 78
Ta mucosal defences against pathogenic microor
BaNSMS most attention has been paid to secretory
antbodies Little wnformation 15 available concer

18 the role of local cel] mediated immumty

e aim of the present study was 1o investigate
roliferative respoases vitro of lymphocytes
Obtained from adenoid vegetations (AVL) and
Zmﬁr; these 1o the responses of blood tymphocy
p L) The influence of cel number and
uration of cultyre was established lymphocyte
FeSponsiveness 19 polyclonal activators was asses
e and the responses to heat kitled Haemophilus
uen.ge (HI) a common cause of upper respira

tract infections  were analyzed

use of recurrent
enlargement of the adenoid

or a combination of both The children were 1n good
health at the time of the investigation and none received
any drug treatment

Operation and samphng Immediately after induction
of anesthesia (with diazepam halothane suxamethonum
chloride and atropine) 815 m) of blood were drawn 10
10 ml of RPMI 1640 with heparin Within | hour the
cells were isolated by gentle pressing of the tissue agamnst
asteel screen The lymphocyte transformation techmque
has been described n detad previously (3) Briefly
mononuclear cells were 1solated on a Ficoll sopaque
gradient washed J umes and resuspended 1o RPMY {640
contaiing 15 per cent pooled serum from healthy
young non transfused male donors Actording to the
results of cell utration expeniments (see betow) 105 cells
were culired per vial (round bottomed) 1 500 w
medum at 37 5° C i S per cent CO; 14C-thymudine
was added 24 hours before termimation and the
incorporation was quantitated by hquid scinultauon
counting The results given are means of triplicate
determtnations after subtracuon of the values obtained

umes the value of the cory
culture



Polyclonal activators Maximal sumulation of human
blood lymphocytes was obtaned with the following
doses 50 pl of the 500 m] reconstituted stock solution of
phytohaemagglutinin (PHA-P, Difco), 10 pl of the 25 ml
reconsttuted  stock  solution of pokeweed mitogen
(PWM. Grand Island Buological Co), and 20 pg of
Concanavalin A (Con-A, Pharmacta) For PHA, a dose-
response determination was carried out in each exper:-
ment (see Results)

Microbial antigens Heat-killed (66° C, 30 nun)
Haemophilus influenzae was kindly prepared by Dr
Frits Orskov, Statens Serununstetut, Copenhagen, and

ployed 1n 10 3 ly 108 bacteria
per cultere with 3.fold dilutions Punified protein
deryvate (PPD), Statens Serumnstitut, was employed 1n
8 concentrations, maximally § pg per culture wath 3-fold
dilutions The maximal response 1s defined as the bighest
value obtained by any of the varymg antigen doses

Y ! methods For of Jymph
transformation responses between AVL and PBL. the
Wilcoxon rank sum test was employed The difference
between H influenzae concentrations giving oplimal
sumulation of PBL and of AVL was evaluated by the
binomial distribution test

RESULTS

Influence of Cell Density

Lymphocytes were cultured at 4 different cell
densities (33 X 104 to 106 n 2 volume of 500 1)
The results are shown m Fig { In unstimufated
cultures, thymidine uptake was lower with AVL
than with PBL except at the highest cell density
tested When lymphocytes from two BCG-vaccina-
ted persons were sumulated with PPD, thymidine
uptake per cell tncreased with increasing cell
density The values obtained for PBL were higher
than for AVL After sumulaton with H wnfluentzae
thymidine uptake peaked at cell density 105 or 3 3
x 105 cells per culture

On the basis of these results, a cell density of 10¢
cells per 500 pl culture was chosen 1 subsequent

experiments

Kinencs of the Response
Unstmulated cultures and cultures stmulated

with PPD or H influenzae were harvested at
varymg mtervals after wutation of culture Expen-

—————————————

ffect of varying cel! densities on thymidine
expressed as Coufts per minute per cell
red The Tessls qbtawed with adenod
cells {closed symbol‘f)

Fig / Thee
corporation,

originally cultul
o Thoa <urbis) and blood

o .
th 107 killed H inffuenzae \iis <o - .
:xlllurcd for 5 days Note different scajes af the or9In3ILS.

TOO0

c.p.m/cell UNSTIMULATED
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cpm UNSTIMULATED

3000+

2000

cpm PPD

20000
15000+
10000

50004

days of culture

Fig 2 The effect of varyig penods of culture on
thymudsne incorporation by lymphocytes from blood
(®—®) and adenoid tissue (O—0) the donor was
BCG vaccinated 103 cells were cultured for 1 to 7 days
Note different scales of the ordinates

ments were carried out ;n 3 persons with similar
results and a typical result s shown m Fig 2 In
unstimulated cultures lymphocytes obtaned from
blood but not from adenouds started proliferation
on the fourth day of culture with a peak after &
days In PPD stimulated cultures of lymphocytes
from BCG vaccinated donors the thymidine uptake
by PBL creased rapidly after the third day of
culture while a much smaller uptake by AVL was
seen on the two last days of culture only Following
H influen ae stimulation a peak in responses was
obtamed for both celt types For PBL on day 6 of
culture at 2 high level for AVL one day earher ata
lower level

On the basis of these results a culture period of 5
days was employed in subsequent experiments

cpm
700}
600
500
400 )
300-] '
2004 - -
wo{ 1 ¢ L2

L______jﬁi________g__igl__

days 3 5
p 00 <0001

unstimulated cultyres

Fig 3 Thymidine uptake by
from blood (@) and adenod ussye {0

days of culture (27 subyects) Lympno)c;::r Jba“d H
from sdenoids showed s, o

gnificandy less oo
than blood lymphocytes pevalues are given Tporation

unstimulated lymphocytes
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acuvator PHA PHA PHA PHA PwWM Con A

yne 2 1 14 14 1 1
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Fig ¢ Thymudine uptake by lymphocytes after sumula
ton with PHA (4 concentrations), PWM and Con-A
{mean values m 27 subjects, + 2 SD) Lymphocytes
obtamed from adenotds (open columns) showed sigmfi-
canly smaller responses than blood lymphocytes
(hatched columns), p values are given The optimal

for each lant {see Matenal and
Methods) 1s given as |

Unstumulated Cultures

Thymdine wmcorporation by unstimulated Iym-
phocytes of the 27 subjects examuned 1s shown 1n
Fig 3 AVL showed fower actwity than PBL
Corresponding values for AVL and PBL m the
indrvidual patients are compared 1n Table |

Polyclonal Actvation

The responses to the polyclonal activators PHA,
PWM and Con-A are shown in Fig 4 In all cases,
AVL responded to these activators, the responses

obtained were lower than those of PBL (p values are
given 1n Fig 4) Dose titration was carned out for
PHA 50 ul (see Material and Methods) induced
maximal response 1n 19 of 25 samples of PBL and
n all 25 samples of AVL The responses 1o
suboptimal doses were similarly reduced m AVL
and m PBL (Fig 4)

Corresponding values for AVL and PBL m the
individual persons are compared 1 Table | It
appears that in the large majority of persons
examuned, the response of PBL was higher thantha
of AVL.

Stumulanon by H influenzae

A positive response was obtaned m 26 of 27
subjects with AVL and 1n all 27 subjects with PBL.
A typical parr of dose-response curves for PBL and
AVL, using heat-killed H mffuenzae as stmulant
15 given 1n Fig 5 The mean of the maxmal
responses 1n 27 patients was 1871 cpm for \’E}
(range 293-4587 cpm ) and 895 cpm for AVL
(range 14-3542 cpm), this difference 15 statsty
cally significant (p ( ool) No eorrelauon' wis
found between age and the response of AVL or
PBL The concentration inducing maxmal thym
dine 1ncorporation varied for PBL between 41 ‘*
105 and 10# bactersa per culture and for AVL
between 12 x 106and 33 x 107 bactena per
culture The most frequent optimum was at X
107 bactersa for PBLand | 1 x 107for AVL.1al?
out of 27 cases, the optsmal antigen concentration
was higher for AVL than for PBL, mn 7 cases there
was no difference and only 1n 3 the optimal antgtn
concentration was lower for AVL. This differerct
17 s 3) s staystically sigmuficant ®=05

TABLE | Comparison of Thymudine Incorporation by Lymphocs tes Obtained from Blood (FBL) and from Ad;na:::
(AVL) The Polvclonal Actisators Were Compared Employing the Optimal Concentration H influenzae and FPD b
Maximal Response

Thymedine incorporation higher 1n

% of cases showing

PBL AVL PBL )AVL
(no of cases) (no of cases)

3 days of culture n s 78
unstimulated 3 4 85
e 21 3 5
Con A i 5 "

5 days of culture 3 89
unstmulated g: 3 89
H influenzae 2% 1 96
PPD

200
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concentration of H/
g 5 Thymudine racorp b obtat

ted cultures of lymphocytes, which are often
supposed to reflect i vivo stumulauion, showed
lower thymidine incorporation by AVL than by
PBL One possible explanation for this dafference 1s
that lymphocytes may leave the lymphoid tissue
after activation (1) However, 1t cannot be ruled out
that stmulated cells adhere more firmly to the
stroma than unstimulated cells, so that they are
more difficult to elute during preparation

The dose-response pattern to PHA was simular
for the two types df cells However, the lymphocyte

to all three

studied was sigmficantly lower 1n AVL than i
PBL This 15 11 contrast to the findings of Rynne!
Dagé6 et al (1977), who found simlar DNA
synthesis rates after stunulation of lymphocytes
obtammed from adenods and blood Since the
proportion of T lymphocytes 1s smaller in adenoids
than 1 blood 2 lower thymidine 1ncorporation, as
found i the present study, would be expected 1n
AVL after PHA and Con-A stmulation

y
24 ftom adencids O and blood @ afier sumulation
('“fﬂ Yarying concentrations of killed H nfluenzae (HI)
11 equal ta 108 bactersy per culture}

Significance 0 26%) Upon dilution of antigen
TSponsiveness decreased more rapdly m AVL
thus the Tesponse to 1/27 of the optimal antigen
oncentration Cxptessed as per cent of maximal

TeSponse was significantly |
Loy o 13 iy lower for AVL than for

N In conclugion Avy. show a smatler response to
mﬂ\ lalled H influensge than do PBL. they need a
Bher antigen concentration for maxmal sumula

Uon 2nd therr reg,
Ponse disappears more rapsdl;
Ypon dilution of antigen e

DIsCussion

10 2 recent study (2) we found a slightly decreased
Proportion of T lymphocytes and a markedly
\creased proportion of B lymphocytes 1n adenod
Ussue as compared toblood Further, the proporuon

In the present study these
:\;l:plcy:d 0 compare the prolferative responses i1
Iy : |h°r :\VL and PBL. nauvely they were
o Ut several quantitagye Aifferences were

An unerpected Tinding  ag that unsumula.

el preparations were

Lymphocy by heat killed & saflu-
enzae were studied sequentially i culture AVL
showed 2 lower and earlser peak response than PBL.
In simufar studies of blood lymphacytes stimulated
by PPD, cells from highly sensitized persons
showed a hugher and earler appearing peak of
thymudine moorporation (5) The finding in the
present study of an early and low peak response m
AVL may mdicate different mechanssms of growth
regulation 1n lymphocytes obtained from adenoids
as compared to blood lymphocytes and not necessa
rily different degrees of sensttzation

After 5 days of culture, the average peak response
to H influenzae was twice as high m PBL as 1n
AVL and appeared at a lower antigen concentra
tion Further, the sensttvity to suboptimal antigen
concentrations was greater 1 PBL than 1 AVL
The optimal concentration varied ‘with a factor 243
for PBL and 27 for AVL Thus, for both cell types
1L 13 necessary to use a range of concentrations 1
order to ensure that the maximal response 15
obtained

The causes of the differences 1 response between
AVL and PBL are not clear The celis were washed
three times before culture, so possible soluble

factors adsorbed to the cell membrane
Tactors adsort Cell membrane 1 vivo must




Our results indicate that adenoid vegetations
contain cells capable of proliferation following
and 1 This was
found during early childhood as well e the pertod
when upper respiratory tract infections are frequent
Placed at the beginming of the respiratory tract
contaiming huge numbers of lymphord cells the
adenord must be important in the first hne of
defence against mucroorgamisms It will be of
importance to establish whether the local cellular
immune response to the antigens of a particular
mucroorganism 1s related to the chnical susceptibs
Iity to infection

10n
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26 lymphocytes were sensiuzed agawnst H 2¢ alloantigens by lymphocyte culture reaction and
mcubated with H 24 mastocytoma cells The interaction between lymphosd cells and mastocytoma cells
was stopped by fixaton with glutaraldehyde The areal deasity of the cytoplasmic vacuoles as well as

f

the subcellular

of acd m

Two populanons of lymphocytes were observed smal

larger

with

were examined by electron mucroscopy
1 lymphocytes with heterochromatc nucler and
nucler Only the lymphoblasts showed change

following interaction with target cells The vacuole area in percent of cytoplasmuc area (vacuole areal
densuty) of sensitized lymphoblasts increased during the first 30 minvtes and from the thurd to fourth
hour of interaction with target cells Acid phosphatase statning was observed 1a the Golg1 apparatus of
the lymphoblasts afier 30 mmutes of interacuon Muluvesicular bodies showed acid phosphatase
saming within 20 minutes of interacuon with target cells After 20 minutes of 1nteracuon, phagosomes
containing myehn figures were formed These phagosomes also showed acid phosphatase stang and
duning the next bours of Interacton their number increased over the number of multvesicular bodies

ey words Lymphoid cells Golgs apparatus lysosome  vacuole

P Brix Poutsen Universty of Copen:

Anatomy Depart

Copenhagen Denmark

Recenved 281x 78 Acorpted 1610 78

Lysosomes which contam hydrolytic enzymes
L 1mmarinne = 4 : - e
lar . . .

How ¢
&

have been wi

B 7, DK-2200

previous studies (Brix Poulsen et al 1975 and Brix
Poulsen & Guttder 1975), we have found posive
stanung for fysosomal enzymes during interaction
with target cells m lymphocytes stimulated agasnst

Phocy
(PHA)

the H-2 alloantigens of the target cells, but during
! between the same target cells and

with
Uiirschhorn 5 al 1967 Cohen et af 1973, and
Bihorfabt 1QI1Y and pfac o~ +

[ ' .

PEEPYNTIS 1)

) agamnst H-2 alloantige;
z:;‘rrerem from the alloantigens of the target ;\?ss
ere was no stamng for lysosomal
e enzymes in the

Zaguny et at (1975) exzmined
the ultrastrug
of 1solated killer Iymphocytes and the Iysxcsw;er



Our results ndicate that adenoid vegetations
contamn cells capable of proliferation following
mutogenic and antigensc stimulation This was
found during early childhood as well ¢ e the period
when upper respiratory tract infecttons are frequent
Placed at the beginning of the respiratory tract
contaiming huge numbers of lymphod cells the
adenoild must be important in the first Line of
defence against microorgamisms It will be of
importance to establish whether the local cellular
ummune response to the antigens of a particufar
mucroorgamsm 1s related to the clinical susceptib
ity to nfection
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:ci;az;ﬂs'\::y;(zszr’weu senstuzed aganst H 24 alloantigens by lymphocyte culture reaction and
%S Stopped by £ mastocytoma cells The interaction between lymphoud cells and mastocytoma cells
19 subtatter o olOR With glutaraldehyde The areal densuy of the cyloplasmic vacuoles as well as
5o populations of of acd n were exammed by electron microscopy
Biger fymphorss (I UIOCYIES Were observed. small lymphiocytes with heterochromatic nucles and
Cllonimg s, with nucler Qnly the lymphoblasts showed change
dnsty) of sengmuzen r"“h iarget cells The vacuale area 1 percent of cytoplasmuc area (vacuole areal
RO of imeracuns o LOVIASIS increased during the fiest 30 minutes and from the third to fourth
0 bty e SrECkeels Acud phosphatase stainiag was observed n the Golg: apparatis of
S20g watkn 20 er 30 minutes of interaction Muluvesicular bodies showed acid phosphatase
O 1 g myenn ;" inutes of wnteracuon with target cells After 20 minutes of interaction phagosomes
dumg the peng 1gures were formed These phagosomes also showed acid phosphatase staming and

10urs of wteracuon theie number increased over the number of multvestcular bodies

&
/%05 Lympho d eells Golpr apparatus Iysosome vacuole
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Our results indicate that adenoid vegetations
contain cells capable of proliferation following
mutogenic and antigenic stimulation  This was
found during early childhood as well /e the period
when upper respiratory tract infections are frequent
Placed at the beginning of the respiratory tract
containing huge numbers of lymphod cells the
adenoid must be important m the first line of
defence aganst mucroorgamsms It will be of
importance to establish whether the local cellular
immune response to the antigens of a particular
mucroorganism 1s related to the clinical susceptibt
Iity to infection
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Fe I Vesicular structures n the cytoplasm of a
Iymphiocyte The vesicles between the arrows are smaller

than 03p {ine largest of them 15 exactly 02
1T60 X

RESULTS

The cell population after MLR-stimulation consis
ted of rwo types of lymphoid cells a small type with
heterochromatic nucleus and a larger type with
euchromatic nucleus The latter type of the lympho-
cytes was the only one which exhibited changes
following 1nteraction with target cells Ths cell
resembles a blast cell and will be referred 10 as such
11t the followng secuon

The Areal Densuty of the Cytoplasmic Vacuoles

The blast cells showed an ncrease n vacuale
areal density (the vacuole area mn percent of
cytoplasmic area) from § 7% 1o 11 0%, within the
first 30 munutes of nteraction with target cells In
the next thurty manutes this increase was followed
by a decrease to 6 6% From ope to three hours of
interaction with target cells the vacuole areat density
‘was nearly constant From three to four houss of
wnteraction the vacuole areal denstty of the blast cells
increased to 14 7% (Table 1)

Consid the Increase o area of
‘blast cells during the first 3 hours of mteraction the
net formation of vacoules was greatest within the
first twenty munutes of interaction whereas the
formation was equal to the destruction between one
and two hours of interaction (Table 1)

TABLE 1 Change in Format an and Destriction of Cytaplasmic Vacules in Lymphocytes i Relation to Timte of
Interaction with Targes Cell

Tmeol  Vacuole aresl  Probability Vacuole volume Vacuole rauo  Vacuole arcal  Probabusty
ncubation densuyad per cell densitya)
mblast cells 1n control cells
(hours) (%) P (pfeell) b %) )
o 1 14 L5
<001 p>005
173 92 305 a3 18
p<001 P00
W2 1o 490 16 28
p<005 >005
! 66 364 o7 34 ?
p<00s >00$
2 57 73 1o 32 ?
P05 >
3 60 820 22 28 p>005
p<00] >
4 157 1255 15 28 p>00s

¥ Vacuole area 1n percent of cytoplasmic area

* Value obuained when the observed volume () of vacuotes 11 blast cells 15 dyvs
iuming there was e focmation and destruction of ¥acuotes from the preceding of
Valus > iadiates formauon 1s greater than destruction

2ded by the expected volume
bservation ume

<1 indicates formanon 13 smaller than destrucuon
L indicates formaton 1 equal with destructson



conjugated target cells They observed that the
Cytotoxic lymphocytes were small cells with an
intended nucleus which was poor m pertpheral
chromatin  The cytoplasm contaned one memb
rane-baund lysosomie ke granules and the Golgi
apparatus was welt developed Moreover Matter &
Sempson (1976) observed that the biggest celt
observed 1 cultures with strong cytotoxic activity
was a blast cell of 20 p drameter with a huge
nucleolus and an enormous number of polyriboso
mes 1o the cytoplasm This ocll type was observed
most frequently around day 2~4 of the cultures The
blast cells often showed well developed uropods
containing numerous vesicles (Matter & Sunpson
1976}

In a previous paper (Brix Poufsenr 1979) 1t was
shown that the ¢ of the granulated
endoplasmic reticulum as well as the Golg: appara
tus 1 lymphocytes sumulated by MLR was ighest
at the onset of mteracion with target cells This
showed that a readiness state for synthesis of
vacuoles and [ysosomes was present i the lympho
cytes after MLR stmulation Despite the know
ledge of the turnover of membranes and macromoe
lecules on the surface of lymphocytes (Pasternah &
Friedrechs 1970 and Hayden et al 1970) Ittte 1s
known about the kinetcs of the cytoplasmic

fes and Iy mn lated lymphocytes
The amm of the present study was to examne the
kineties of vacuole formation and especially lyso
some formaton 1n MLR stmulated lymphocytes
during nteraction with target cells

MATERIAL AND METHODS

Ammals Mice of inbred stramns DBA/2) {H 29) and
C5781/6] (H 25 were obtamed from G) Bomholt
gaard Laven Jutland Fy hybnds of CSIB1/63 X
DBA/2J were bred at the Institute of Medical Anatomy
nhagen

co:;lls gL'/]'ectnr cefls C5TBI/6] lymphocytes from
spleen and lymph nodes Sumulator cells Fi {C57B1/6S
X DBA/2J] lymphocytes from spieen and lymph nodes
Control cells C57B1/6J lymphocytes from spleen and
lymph nodes were kept un iiro under the same
conditsons as effector cells concerning medium and ume
1n viro Target cells The tumour P &15 X 2 mastocy
toma of H 28 ongin was kandly donated by Dr Bent
Rubin Stztens Serumnsttut, Copenhagen

Cell preparaton Spleen and lymph nodes were

d homogemzed by grinding
ohl:un:d‘ ‘asepucally an e

fered sabme pH 72
1S and stored for 15
bris to seutle Thin
dedan (56 6 m\

cells were spun down and Tesuspen
s:hCl 10 distilled water at 4° C for 10 munutes which

04

distupted the erythrocytes \fier three washes the cdlly
were resuspended In culture media and counted

Cultnation meduan 500 ml RMPL1640 w1th Y5 ml
Hepies buffer (240S1 Giboo) 25 mi (5% ) few) eolf
serum (629 Gibco) 5 mit (1% ) L glutamyne 00 mdt
(503 Gibco) 125000 vu Pemcilin (Novo) 003 3
Streptomycinsulfate (Novo)and $% 10 mM 2 mercap
toethanol

Aad (hosphatase stamn
Gomor stain

al 002V sodium = B - plycerophowphate (Merck
4168 1n 0 04M trismaleate (Sigma 7-9) (pH § 2

B) 0 006M lead mitrate (Merch 7398) i dsulid
water

B Incubation medium for Gomort stam

25 ml of stock solution »ak plus 20 m} of stock ¥k
plus 5 ml distilled water pl adjusted 10 52 %ih 1%
NaQg{

Strmdlation of bmphocsres 30 X 106 symplator oelhs
and 30 x 106 effector cells were muved in Falcon tssue
culture flask No 3018 with 20 ml cultnation med um
and stored for 4 days at 37° C i an atmosphere
coptaiming 5% COy

Cirohsis fixation and emleddimg Four days afier
mtiaung the sumulation the lymphocyte suspens ons
were counted and muved 10 1 warh tumour sty

Afterzero 20 and 30 muputes andafter | 2 3 and¥
hours the cell suspensions w.ere spun down at 400 gloré
munutes and the cytolysrs was stopped by fizaon in 33
glutaraldehyde m 0 1 M phosphate buffer (pH 7 2)at i
C for 2 hours and washed for 12 hours in 01 M
phosphate buffer (pH 72) 4° C

The cell pelfets were then embedded 1n agar secuioned
at 40~50 u tncubated 1n the Gomort statn as desenbed
by Barka & Anderson (1962) for 90 munutes at 37° €,
and washed 3 X 15 muinutes in 0 04 M tnsmaleate Post
fixatton was performed by 2% 0sDq1n 0 | M phosphate
bufter (o 7 2} for 2 hours at 4° C The secqons uam
then washed in O | M phosphate buffer (pH 7 2}at4°C
and three times for 30 minutes at 4° € n disuifed watef
Subsequently the sections were placed tm 0 § M vranl
acetate m distilted water for 12 hours at 4°C and finafly
washed for 20 munutes at 42 C in disulled water The
sections were then dehydrated n incréasimg concenira
uons of ethanof and embedded 1n Epon

Etectr n n tcroscopy Silver to gray thin secuons wer®
cut on ap LAB Ultratome and staned with uram!
acetate and lead citrate The cells were then examined and
ohotographied ustng @ Phiips EM JO00 electron micre
scope at an acceleraung voltage of 60 AV

Quaniytation and staustics The lymphocytes €ytoplas
mic area and the area of the cytoplasmic vacuoles wese
measured and calculsted stercologically with @ Leitt
A SM image sysiem

A Stock solvu ns for

= vac psed for the
of

- N (a

each observation period 40 lymphoblasts were cou ted

along with an equal number of cﬂnlm)}x)h \Ncu\:f

structures smallter than approxtmal

measured (Fig 1)



The control cells showed no significant change in
the areal density of the cytoplasmic vacuoles within
the four hour period of observation (Table 1}

The Appearance of Aad Phosphatase n the Golgt
Apparatus

Aad phosphatase was not observed 1n the Golgi
apparatus of the blast cells before 30 minutes of
mteracton wiih the target cell whereas afterwards
the staming was seen 1n 2bout 80% of the blast cells
(Fig 2-5)

Control cells did not extubnt acid phosphatase in
the Golg apparatus before three hours of interac-
tion with target cells At this tme 1t was seen 1n
10% of the cells

The 4
Vacuoles

The following types of acid phosphatase positive
vacuoles {lysosomes) appeared In blast cells during
Interaction with target cells 1) Iysosomes contar
ung small vesicles ~ muitivesicular bodies (MVB)
Dlysosomes contatning myelin figures — phagoso
mes and 3) lysosomes contaming residuals —
fesidual bodies

Acd phosphatase 1 vacuoles of blast cells was
Rot found at the onset of interaction with target

of Acid m

Fig 6 Muluvesicular bodies (MVB) in a blast cell after
1 hour of interaction with target cells One of the MVB
shows lead precipitation indicating acid phosphatase
56 600 X

cells During the first twenty munutes of interaction
with target cells acid phosphatase was found in the
matrix of about 50% of the MVB (Fig 6) After
thurty mnutes phagosomes developed (Fig 7 and 8)
and after two hours of interaction with the target
cells residual bodies were observed (Fig 5a and 8)

After one hour lysosomes constituted 10% of the
vacuole system (Table 2), most of them phagoso-

TABLE 2 Changes un the Amount of Lysosomes in Blast Celts m Refation 1o Time of Interaction with Targer Cells

Time of The areal Probabity Lysosomes 1 Lysosome Lysosome
incubation density of rcent of volume per ratio
0' lysosymes) vacuoles cell
ours) {%) 833 (%) (p¥eel) by
0 00 00 00
p<001
173 02 3 09 >1
p<005
172 07 6 29 32
\ ns
07 10 36 12
s s
01 12 49 14
s p<005
13 2 180 37
B p<001
3 21 264 15
13 Not significant
) The areal density = the area 1n pe
Ml e
- h . Oty ey
o s St ee L
. « .
- « .
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Figs 2-4 Golgr regions displaying lead
1ndicating acid phosphatase in blast cells aft
steraction with target cells Fig 2 and
Fig 4 37000X
Figs Sa-5b Phagosomes with myelen figures and Galgt
regions p! lead precip acd
phosphatase 1n plas1 cells after 3 hours of interaction
with target cefis The phagosome 1 »a« coniatns a
residuaf body (arrow) & 26000 X% b 42,000 A




and ¢id not decrease throughout the four hour

rvation penod The of
the granulated endoplasmuc reticulum 1n the lymp-
hocytes was found at the onset of with

Golg apparatus of PHA sumulated lymphord cells
Electron microscopy used mn the present study has
extended these observations The appearance of atid

Target cells
The fast wcrease of the vacuole areal denmsity
during the first thuty muinutes of wateraction (Fig 2)
may be explaned by the increase of the first Golgt
» generation« during the first twenty minutes and by
the high of g d
retculum The decrease 1n vacuole areal density
between thany mminuies 1o one hour of

1 MLR. d began
after 20 munutes of wnteraction with the target cells
and at that time 2c1d phosphatase appeared 1n MVB
After thirty munutes, aaid phosphatase was also
observed 1n the Golg1 apparatus and the phagoso-
mes

The myehn Tigures 1n the phagosomes may

may be caused by the time lapse between the
decrease of the first »generation« and the increase of
the second »generation« of the Golgt apparatus
Thus, there seems to be two mamn periods of
vacuole formation one from zero to tharty minutes,
and one from the second to the thurd hour of
tymphocyte target cell interacion  Dunng these
penods the dsameter of the lymphocytes mcreases
Quekly (Brex Poulsen 1979) This concurrent
inerease 1n the vacuole system and the cell daameter
@0 be explamed by a conversion of vacuole
membranes 10 plasma mernbrane, when vacuoles
fuse with the cytoplasmic membrane and release
their contents o the outside of the cell Thus would
be im agreement with the observation by Haw kins
{1971} and Henson (1971) who showed a release of
lysosomal enzymes on the outside of lymphocytes
encountering immune complexes which have been
dispersed along a non phagocylosable surface such
% 2 collagen membrane or a Milipore filter A
comversion of vacuole membranes {and not espect
adly lysosome membranes) to cytoplasma memb
fane would permt siructures on the mner surface of
the vacuoles to be present on the outer surface of the
“ytoplasmic membrane This might provide structu
Fes on the cell surface whuch are necessary for the
Tecognition and contact with the target cell in the
Teogmtion (adhesion) phase of cytolysis and/or 1n

:\;; ;:mm it phase as described by Golstein & Srmuth
n

In previous pagers (Sanderson & Glauert (1977}
a0d Brix Poutsen (1979} using electron microscopy
4 contact between sumulated T cells and target cells
%25 described The cell membranes were clearly
Sparated but the two cells were in close continuous
ontat ovet considerable dwstances Later on
Projections from the T cells penetrated into the
target cell

Light microscopic examination of symulated T-
Bymphocytes has revealed an increased starung of
aad phosphatase beta glucuromidase and esterase 1y
the plast cell population (Brix Poulsen e1 of 1975
and Brix Poutsen & Guutler 1975} and Biberfeld
U1971) otnerved acid phosphatase actvity n the

ndicate that the enzyme was engaged 1n destruction
of b There may be various
sources providing the membranes 1nside the phago~
somes Target cell membranes or destruction of the
lymphocytes own membrane structures

It remaimns uncertain whether Jysosome forma-

tructurs

e B

contents from lysosomes and other vacuoles 1n the
lymphocyte to the intercellular left berween the
lymphocyte and the target cell in the same manner
as the release of enzymes by macrophages as
described by Hebbs (1974) and Temple s af {1973)
However a release of cytotoxic enzymels) from a
Kaller cell has to be wpolanzede wward the targer
ell because 1t has been shown that the killer cells ay
well as bystander cells are unharmed dunng the
target cell lysis (Cerottint & Brunner 1974, Martz
1976 Sanderson 1976, Zagury et al 1975)
Another mechamism could be the release of
hydrolytic enzymes directly from the lysosomes
1nio target cells This has been shown to take place
when cells a Cr
neoformans release hydrolytic enzymes into the
encircled yeast (Kalna et al 1971) A uura
miechanism could be destruction of target cel]
nside of the 1
Which could explain the presence of myelin ﬁgures‘
in the phagosomes The latter mechanism would
then be a secondary destruction of target cells,
because 1t would require a preceding destruction of
the target cells »n situee As nthe lethal hut« seems to
occur within the first 10 minutes of mteraction
erke et al 1972 and Martz 19762) the preseny
:'md""s might be secondary 1o target cell Iysis e
imual events ocouy
dying target cells 708 1 bmphocytes attached 1
Two unclanfied aspects of our etpeniments ar
;hal 1L 15 1ot possible to determmine 1) whuch of u.:

ymphocytes are the cytotoxc ©ones and which oneg
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Fig 7 Phagosomes with myelin figures present in a
blast cell after 30 minutes of interaction with target celis
The phagosome to the right displays lead preciprtation
indicating acid phosphatase 60 000 X

Fig 8 Phagosomes with residual bodies present in a
blast cell after two hours of interaction with target cells
Both show Jead p acid
phosphatase 37 000 X

mes, and after three hours of snteraction there was
an ncrease mostly of phagosomes 1n the lysosomes
to 22% of the vacuole system From the third to the
fourth hour of interaction there was an increase in

residual bodies, but there was no increase mn
. “ the

The formation of acid phOSPlUaiase pusilive
vacuoles (lysosomes) n the blast cells was greater
than the destruction during the observation time
and considering the concurrent increase in cell size,
the formation was greatest from zero o thirty
minutes, and from hour 2 to 3 (Table 2)
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Coutrol cells did not exhibi acid phosphatase n
vacuoles before two hours of 1nteraction, but then
acid phosphatase positive vacuoles were found m
16% of the cells, and after four hours 1t was found
1 28% of the cells The areat density of lysosomes
1n the control cells contatning lysosomes was 0 3%
after two hours of nteraction with target celis, and
05% afier 4 hours of nteraction

DISCUSSION

In our expertments the stimulator cells were
obtamning from an Fy hybrid rased between 140
histoallogenic strains, one of the responder cell
ongin (H-2b), and the other isogentc with the
mastocytoma origin (H-29)

It has been shown (Wilson 1967, Wilson ef a!
1967, Harrison et al 1968 and Clancy & Ricke
1969), that despite active prohferation of pareata!
cells i parent-F) mixtures, few, if any, F) cells
divide as a consequence of the mixture Further-
more, in preceding experiments (unpublished) we
have shown that after 4 days of stimulation, MLR
cultures, in which stimulator cells from Fy hybnds
have been treated with mitomycin, did not contaus
fewer blast cells than MLR-cultures in which the
stimulator cells were untreated MLR-cultures 1
which the reponder cells were treated with mitomy-
cin did not contain blast cells after 4 days The
MLR-stimulation used in our experiments may thus
be regarded as avone-way« stimulation of the
parental cells by the F cells

In previous studies (Ehes et al 1964, Johnson &
Roberts 1964, and Parker et af 1965) 1t has been
shown, that lymphocytes stimulated by phytohe
magglutimn (PHA) develop smooth as well &
coated vesicles and electron opaque lysosome-lke
bodies Stimulation of lymphoid cells using PHA 1
non specific as opposed 1o the MLR-stumulation i
which the lymphocytes are ficall, tized
against alloantigens

Some of the prerequisites for the formation of
vactoles and thereby lysosomes 1n the lymphocy-
tes during nteraction with target cells have been
discussed 1 a previous publication (BrixPoulsen
1979) These mclude a readiness of the granulated
endoplasmic reticulum and the Golgi apparatus

The same study suggested two »generations« of
the Golgi apparatus in the lymphoblasts (Fri¢
Poutsen 1979) The first one increased from the
onset of interaction, but after twenty munutes of
interaction this of the Golgt apy
decreased quickly The second »generatione increa
sed after one hour of mteraction with target cells.
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are the by stander cells«, and 2) whether or not all
the lymphocytes do obtan contact with the
mastocytoma cells tn spite of shaking

The vacuoles in the blast cells can be formed not
only from the Golgi apparatus but also from the
cytoplasmic membrane, 1f the cell takes up material
from the outside Investigations of whether the blast
cell takes up material from the outside during the
four hour observation period are n progress
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Preiner K Comglement cuvation by preumosbos assovnied with aouie outs media Acs path
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Preamococct fiypes 1 1 VI KBV XVAlL XIX and XXUV) assocvned with acute oitis modia were
showa 10 activate complement 1n norma) human serum by ihe classical as well 28 by the afiernauve
fadway n serum incubated wily pricumococ Sasweal patiway scuvauon was demonstrated By
doreased €4 values and the appeasance of C1r:CVsCL 1A complexes Pneumococny caused €3
onversion ta C2-deficient serum and sn sexun chelated with Mg * * EGTA showing acttvation of the
iemauve pathway withour of the €33 C acuvaton was more
efliert when bath pathways were infact This was evidemt ftom a more pronounced C3 conversion

ind a preater reduction of the values for propertin and factot B wn pon-chelated serum as compared 10
M+ EGTA chetared serum

Key words Complemnent actavation Pheumococt: acote obus media

& Jretiner Diepartenenn of Medical Microbiology Unwvessity of Lund Sofvegatan 23 S 22361 Lund
Wweden

Recerved 4 2, 7§ Accepied 22 xu 18
bﬁmp‘“’g acyte s media m children most
d";n aused by prieumococts (11} 15 2 serious

al problem The factors TES]
sponsible for the
hpses are not known

N ’i;i well documented that C3b plays 2 mayor sole

b OPsatusation ¢f pneumococs; by norma
dll:;;semm 200 C3b can pe generated by
anbwyoamwav activation wutiated by antigen

Conmpiexes or by acts
e gty ¥ activation of the alterna

mlmmunogmnuun levely are eported 1o be within

leml Jevels 1 children with acure otitis medsa (1)

mc)vphylacuc trals with pofyvalent pneumeococcal

bDavsacc)mmc yawmes have shown that the anti
'Y response t

of Ct o (M1
Cis and CIrCls CT (A wese found (7) Thus
opsonusation dependent on agavation of the classical
pathway mught T impaued
Tt wpecty of dulferent pnetmocoeal types to
activate complement has been repotted by Fine (3%
The pevsent stady 1s concerned with the activation
of complement by the pheumoooical types com
monly present in relapsing acute otts media {1 1)

MATERIALS AND METHODS

Normal human sera fsom thves healthy donors apd
serumt from @ homongone C7 deficent adli wese
eotemed and frozen i aliquots at ~80° C wighin 3 pours
of samphag Speafic pneumccocwal pofysaceharde
antbodses w type I UT VI X{V XVNI x1X apg
KXW astessed by immunofuorescence (22) were
present m fow titers m the sera
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Lty lenediamne tetracetic acid (EDTA) 1na concentra-
tton of 20 mmol/1 was used to block the classical and
the alternative pathways

Streptococcus preumonae strains of serotypes 18], VI
X1V, XVHL, XIX, and XXI were available from the
department Serotype 1, four stramns, was supplied by
Statens Serumunstitut, Copenhagen, Denmark  Pneumo-
cacer were cullivated for 18 hours i Todd-Hew it¢ broth
washed three times and suspended n phosphate buffered
saline (0 12 M NaCl, 0 03 M phosphate) pH 72 The
suspenstons were adjusted to approvumately 3x 107
orgamsms per mi by density determinations at 540 nm
In some expeniments bacteria killed by botling for 10
minutes were used

€3 comersion was assessed by croned Immunoclee
trophoresss (4) and evaluated by plammeny  The
Proporuon of converted C3, mamly Clc was exprovsed
s & percentage of the total area outhned by preaipiiaie [n
€ach assay, the C3 conversion way gnenasa percentaye
after correction for the C3 comversion present 1 the
appropriate control

Stanstical sigmificance was assessed by (st for
parred data

RESULTS
Compl

Treatment of sera with pneumococct Incub, was
carried out at 37° C for 60 minutes using viable or heat-
Kalled at appr ly Sx 10
ver ml serum Before complement analysis, the bacteria
were removed by centnfugation Normal serum
Mg+EGTA chelated serum and C2 deficient scrum
treated at 37° C for 60 munutes and EDTA chelated
serum incubated with pneumococtl were used as
controls

Hemoly tec complement actnin was determned accor-
ding to Kabat & Mayer (10) and expressed as per cent of
hemolytic activity of the relevant control serum Mg+ +
EGTA chelated sera were recalaified (25 mmol Ca* *
per ml) before analysis

(o] of compl, The electro-
tmmunoassay (14, 17, 21) was employed for determina-
tions of Clg Cls, C3, C4, factor B and properdin

Cl sub complexes Comp) of CirCls
and complexes of CTr CTs-CT IA were studied_by
crossed immunoelectrophoresis (13} Clr CTs-CTIA

p were
to Laurell et af (16) Pooled normal serum treated with
heat aggregated 18G with all Cls antugen present 1n the
CTr-CTs CT IA complex was used as a reference On
double determinations the time to time variation was | 4
per vent (SD) (16}

P s devels 1 of nor-
mal serum with pneumococer of the serotypes
studied did not change the levels of Clq Cls orC)
Cd and factor B values were shghtly reduced i non-
chefated scra after incuation with the pneumococs
but not 1n sera chelated with Mg+ + EGTA Afer

on with g the of
properdin was low m non-chelated as well as in
chelated sera (Table 1) Also m C2-deficient serum
the properdin lfevels fell markedly on incubationt
with pneumococct In the non-chelated sera the
properdin levels were sigmificantly lower than in the
Mg+ + EGTA chelated sera (p<0 025) The values
of the complement factors did not differ 1
expertments using viable or heat-killed bacteria
All pneumococcal types activated complement
which resulted 1n low residual hemolytic activity
After mcubation with preumococel the residual
hemolytic complement activity was reduced (o less
than 5 per cent of the onginal value m non-chelated
serum and 10-15 per cent m Mg** LGTA
chelated serum
C, b complexes Q
CTr-CTs-CT 1A complexes of the normal serum

of

TABLE | Levels of C4 Factor B and Properdin in Normal Non chelated Scrum and in Mg * + FGTA Chelated Scrwm
after Incubanon wuh Differcar Prcurococeal Serah pes

Cc4 Factor B Properdin
. - Mg+
non Mg* non Mg** non:
Preumocaccal chealted EGTA chelated EGTA chelated EGTA
serotypes serum serum serum serum serum serum
63
8 94 93 101 55
I 70 g9 82 101 3 ;5
u 67 *9 82 109 48 52
W 63 103 76 109 » 5
X 56 99 76 s s 8
Xvul 57 109 70 1s 3 b
e 70 99 7 124 3
XX .

cra
Values given as percentage of non meubated sex:



TABLE 2 Per Cemt of €3 Comversion Cawsed by Incubavon with Frcum scoeci +f Different Seroh pes

Poeumococcal “ormal \g- * FGTA C2-geficient
seron e non-chelated serum chelated serum serum
L 48 41 b
1] 60 42 24
M 53 42 25
W 51 41 24
win 53 49 I
X 60 41 24
i 54 42 piY

Tt satues were obtained by plamimetric evaluation Sce Matenals and Methods

us8d a5 control gave a value of 18 per cent of the
rftrence serum (16)

On nrubayon of serum with pneumocoott of
different types the CTe-CTs-CT IA b

cocet the resdual hemolyue capaciy diminished in
non-chelated and i recalafied Mg+ * FOTA
chelatedd serum indicating marked C acuvation and

aressed 10 values sanging between 30 per Cent
Iype 1 and 45 per cent {type XIX) mdscang C1
&wvauon (15} No Cir-Cls complexes Were
Obsenyed

C3 comersim All the pneumococcal types Rave
?2 & C3 conversion 1 nonchelated Mg *
GTA chelated and C2 deficsent serum The C3
mersion was mare pronounced 1n non-chelated
R as compared to Mg+ EGTA and C2
deficrent serump (Table 2)

DISCUSSION

?:v[resem wvestigation showed that serotypes of
- : ‘ocuccus prewmoniae Most often found 1 acute
P meda {1 B} VI X}V XVt XK and
x M) gave 115¢ 10 C3 conversion n serum chelated
T;:\h Mg+ EGTA and m Cldeficent serum
N :‘?:m?fs :ﬁdmze citat the strams were capable

&nvaiion mainly by other J types thap

P y the p
Quantiative estimation of factor B pave decrea-
sed values 10 the expenments With non-helated
serum only and probably ndicates additional
of C3 when bath path
were intact 1t has been shown earfier that C3 of
the classical pathway by converston o1 C3 1o C3b 15
capable of mtiatmg the C3b feed back cycl¢ and
thus acuvate factor B8 18}
Pneumococcy tnduced 2 marked decrease of
dm 1 C2-defl serum, 1 helated
and m Mg+ * EGTA chelated serum Reduction of
properdsm was most marked in non<helated serum
{Table 1) which mught be explained by the
amplfication of the C3b feed back cycle by the C¥Z
convertase AcLean el al (19) have shown that in
normal human serum the coneentration of proper
din was decreased following incubation with
antigen antibody complexes inthin or zvmosan In
C2-deficient serum reduced properdin values were
obtaned only with zymosan Thus the effect of
pneumococct on properdin levels seems fo be
analogoUs 1o the effect ov Zymosan
Heat kiiled bacteria were as potent as viable

0S¢ pertinent to relapsing ohus mediz His data
:ﬂummz type U1 and X1V are 1 agresment with
0s€ found 19 thes Study OB the other hand our
:\5\!“5 gave evidence of altermatve pathway activa
Wf%as::g!w;ﬂ Pheumococt; (four strans tested)
@ 0L in Strum of complézes composed of

€ and €1 jpan,
VAL
et et 3 10 aa s 0F PP stgaifles

way aLuvation which was also sy
pparted by the
decteased C4 lavels Aftay tavmem with pne)\'xmo-

m the i system
This finding ndicates that complement actvation
was most probably mot induced by bacterial
enzymes

Complement activation by the classical pathway
may be due to antigen antibody complexes  The
serum used contained small amounts of antibodies
10 capsular pneumococeal antigens Search for
antibodies to other anugens zs ¢ polysacchande
{CPS) or pneumolysin was not done A complex of
CPS ana T reactve proten has been reported w0
activate both the classical and the afternatve
pathway (2 12) CRP-CPS complexes are Probably

e



Eithylenediamne teiracene aced (EDTA)1n 2 concentra-
tion of 20 mmol/] was used to block the classical and
the alternatve pathways

Streptococcus pneumoniae steains of serotypes 111, VI,
AV, AVIHL XA, and XXHT were avariable from the
department Serotype I four strans was supplied by
Statens Seruminstitut, Copenhagen, Denmark Ppeumo-
cocer were cultivated for 18 hours in Todd Hew it broth
washed three tmes and suspended ta phosphate bulfered
safine (0 12 M NaCl. 003 M phosphate), pH 72 The
suspensions were adjusted to approumately 3 x 109
organisms per mi by density determinations at 540 nm
In some experments bacteria killed by boiling for 10
minutes were used

€3 comersion was assessed by crossed immunoeee
trophoresis (4) and evaluated by planmetry The -
proportion of comverted C3 mamly C3c was expreseed ¢
asa percentage of the tota] area outhined by precipitate In
each assay, the C3 converston was given as a peroenuase .
after correction for the C3 comersion presem 10 the
appropriate control

Staustical sigmificance was assessed by tiest for
pasred dats

RESULTS

Compl c jevels Tncubauon of nor- »

Trealment of sera wuh prewmococc | was
carried out at 37° C for 60 nunutes using viable or heat-
killed p 1 at ap y 5 10% orga
ver ml serum Before complement analysis, the bacterja
were removed by centnfugation Normal serum
Mg *EGTA chefated serum and CZ deficient serum
treated at 37° C for 60 minutes and EDTA chelated
serum incubaled with pneumococct were used as
controls

Hemoly tec complement activiyy was determined Jccor-
ding to Kabat & Mmver (10) and expressed as per cent of
hemolytc activity of the relevant control serum Mg* +
EGTA chelated sera were recalaified (25 mmol Ca* +
per mi) before analysis

[ of It % The efectro-
immunoassay {14 17, 21) was employed for determmna-
tions of Clg, Cls, C3, C4 factor B and properdin

C1 subcomponenis complexcs_Complexes of Clr-Cls
and complexes of CTr-Cls CT 1A were studied_by
crossed smmunoelectrophoresis (13} CTr Cls CTIA

il were d according
to Laurei! et al {16} Pooled normal serum treated with
heat aggregated IgG with all Cls antigen present in the
CTr-Cls CT A complex was used as a reference On
double determinations the time to time variation was 1 4
per cent (SD) (16)

s

mal serum with pneumococct of the serotypes
studied did not change the levels of Clg Cls orC3
C4 and factor B values v ere slightly reduced n non-
chelated sera after incuation with the pneamooooel
but not 1n sera chelated with Mg+ « EGTA After
ncubation with pnenmococct the concentration of !
properdmn was low i non-chelated as well a5 10 !
chelated sera (Table 1) Atso i C2-deficient serum
the properdin levels fill markedly on mcubation
with yneumococet In the non-chelated sera the
properdin leels were significantly lower than i the
Mg+ + EGTA chelated sera {p<0 025) The values
of the complement factors did not dffer m
experiments using viable or heat-Killed bacter2

All pneumococcal types activated complement
which resulted 1n low residual hemolyvie actity
After incubation with pneumococc the Tesidwl
hemolytic complement actvity was reduced (0 less
than § per cent of the orginal value in non-chelated
serum and 10~15 per cent m Mg** EGTA
chelated serum

Cl sub comple Q
CTr-CTs-CT 1A complexes of the normal serem

1

tion of

TABLE | Leréls of C4, Factor B and Properdsn in Normal Non-chelated Scrum and in Mg * * EGTA Chelated Serum
after Incubation with Different Pneumococcal Serat pes

o] Factor B Properdin
. - Mg *
non- Mg+ non Mg non

Preumocace] cheatted EGTA chelated EGTA chetated  EGTA
serotypes serum serum serum serum serum serum

94 9 101 55 o4
1 ;f, 99 82 1ol 31 b
m s 89 82 109 a3 54
vi 6 103 76 109 39 35
X1V o 99 76 1s s5 &
avit pot 109 70 ns 35 65?
i I » e = -
X .

Values given as percentage of non icubated 5812
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ELECTRON MICROSCOPY OF TREPONEMES
SUBJECTED TO THE TREPONEMA PALLIDUM
IMMOBILIZATION (TPI) TEST
I Comparison of Immunotmmobilized Cells and Control Cells

® HOVIND HOLGEN H AA MIELSEN and A BIRCH ANDFRSEN

of Ti

and Bioph: Sutens Ce Denmark

Hovind Hougen K Neelsen B Aa & Birch Andersen A Electron microscopy of treponemes
subjected to the Treponema pafl dum immobiluzat on (TPI) test I Comparison of immunoimmobilized
ells and control cells Acta path microbiol scand Sect C 87 217-221 1979

The ultrastructure of cells of T pathdum Nichols subjected 10 the TPI test was studied 0 pegatively
staned specamens Cells incubated in basal medium 10 which was added either heman syphilis serum
or heated guimeapig serum (GPS) showed a normal morphology This was also the case for cells
incubated with basal medium t0 which was added either human syphilis serum and heated GPS or
normal human serum and unheated GPS By dark field microscopy cells obtained from these different
ncubauion mixtures were found to be motle I contrast cells incubated 1n basal medium to which
%3 added human syphibs serum and unheated GPS were all immobitized and 1n the electron
microscope they presented a morphology sirikingly different from that of normal cells The
immunoimmobilized cells were swollen and their surface was completely covered with a

material The nature of this material and its possible role 1n rendering the treponem:
discussed.

layer of fuzzy
s immobile 15

Key words Treponema pali dur Treponema paliidum immobilizaion (FPI) test electron mcroseopy
Immunormmebilization
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Statens S
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The Treponema pallidum immobilization (TPI)
1551 (6) 15 considered to be the most speaific

g e

mucroscopy usually afler 18 hours of incubation and
aserum is regarded as containng specific antibodies
when more than 20 per cent of the tramoma—

Amager Boulevard 80 DK 2300

present work was undertaken to study whether
morphological differences between motile and 1m
mobile treponemes could be observed on cells
incubated as specified for the TPI test when the cells
Wwere negatively staned and examined 1n the
electron microscope

MATERIAL AND METHODS
Ee}ls f’f T pallidum Nichols were obtained fram rabh 1«

ot UeU



not responsible for complement activation observed
in our experiments since the CRP level in the serum
used was low (<12 mg per 1)

Activation of the alternative pathway by pneu
mococcal cell wall preparations which contain
teichoic acids and peptidoglycan have been shown
by Winkelstein & Tomasz (23) One or both of these

may be the 1
res)ponsnble for activating the alternative route {5,
23

The pneumococcal types studied by us were
capable of activating complement by both classical
and alternative pathways and the conversion of C3
was most pronounced when both pathways were
functional Earlier studies (7) showed impatrment
of the classical pathway in relapstng pneumococcal
otitis media It 1s possible that generation of C3b by
the alternative pathway alone mught not be suffici
ent for optimal opsonisation and elimination of the
pneumococct and therefore be a contributing factor
to relapses observed 1n acute otitis media
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T T

1 was negatvely starned with [ per
Alfgures show cells of T pal dum Nichols subjected to the TP1 test. The matenal
“ttammonium motybdate pH 72 The bar on each mucrograph represents 100 nm and GPS 1n the legends means

uinea pig serum

Fes T 2 Cellsof T paffidum ncubated m basal medium with addiuon of normal human serum and unheated GPS

{Fig 1) or by
Organism (see texc) ay

denotes the nsertion potnts for the flagella (F)

*uth of these immunotmmobilized cells was 0 21

¥ whereas that of motile cells was 0 12 pm The
®idth of the cytoplasmic body was 1dentical for

Jotde and immunoimmobilized cells but the zone
2 part of the cytoplasmuc body was difficult to
Tesolve on the majority of the smmunoimmobihized
@lis (Figs 3 and 4) The flagella of the swollen
Ueponemes as compared to those on moule cells

Bere loosely wound around the cytoplasmic body of
the cell (Figs 3 and 5) o flagella were ever seen 1o
P eree or to protrude from the outer cell membrane

On a few cells the outer membrane presented
balloan [ ke evaginations (Fig $) thus emphasizing
the loose texture of the membrane of the immuno

Immob lized treponemes.

x N .

series of expeniments were carried out The first was

mally present at the ends of the
hl m and heated GPS (Fig 2} The three zones nor
Crexd Sr’:clm’il;‘ sr:o‘ n The outer membrane {0M) ightly envelops the cytoplasmic body of the cell TP

designed to 1nvesugate whether the swelling occur
red continuousty and progressisely dunng the entre
incubaton period while the second was designed to
study if swelling could be demonstrated on cells
obtamed from reaction muxtures 1 Which the
amounts of antbody were too low for the
immunoimmobilization to proceed to 100 per cent
durmg 8 hours of incubation. In the ume depen
dence experiments only about 60 per cent of the
treponemes incubated 1n plam basal medium for 6
8 and 12 hours were moule (Tabe 1) However anl
cells showed a morphology 1dentical wath that of
normal cells Except for cells incubated with Cop
111 plus unheated GPS  celis obtatned from all the
other wbes were also morphologically normay
srrespective of the duration of mcubation Trepone

plus unheated GpS
showed a normal morphology

after 0 and 4 hours
of incubation while after 6 Bours a tutte less than



heated at $6° C for 30 minutes The human sera used
were Cop 111, which was obtained from a syphslme
patient (7) and Np which was a pool of <era obtained
from healthy blood donors with no previous or present
fistory of syphilis All sera 1n the Np pool were non
reactive 1n the syphilis serology tests The human sera
were mactivated for 30 minutes at 56° C before use
After a suitable incubation time the resulis were read by
dark field microscopy Specimen grids with the trepone
mes were then prepared by the muluple drop technique
{3 1 per cent ammonium molybdate pf{ 72 was used
as negative stain

The specimens were coded so that the operator at the
¢lectron mucroscope was without knowledge of the
parucular treatment of the cells of cach specimen
Electron microscopy was carfied out on a Phulips EM
200 electron microscope and suttable fields of view were
taken at random at primary magmfications of 9000 or
16 060 X Negatives were obtamned on hodak Fine
Gratn Release Pasitive Film Type $302 and were as a
routtne 10 X enlarged photographically For this study
400 electron were exa d

appr

RESULTS

In expeniments carried out as descnbed 1t was
found that a mmmum ncubation time of § hours
with unheated GPS and serum Cop 111 present in
the b d: was d 10 obtam

1 of all the treg (100 per cent
immobihization)

TABLE | Percentase of Monle Treponanes in Different

Table | shows the contents of the different tubey
tncluding the controls In the different expunmeny
the treponemes which were incubated 1 platn basy
medium for 8 hours showed a prcentage of moty,
Celfs varymg between 60 and {00 n the electrog
mucroscope the cells showed the appearance prevy
ously described for normal undamaged cells of ¥
pallidun (2) 1¢ a powted stnated tp (zone 1) 5
front part of the cytoplasmic body with no flagelly
(zone 2}and an insertion regon for the flagella (zone
3) In some cells however, the tip and the zone )
part of the cytoplasmic body Were shehtly damageq
but the majority of the cells appeared normal Wity
the outer membrane ughtly enveloping the cells Mo
flagella were seen fo pierce this membrane Of o
protude from the cell surface

Treponemes incubated n basal medium to which
was added heated GPS or unheated GPS or seruy
Cop 111 (tubes 2 3 and 5, respectvely in Table 1y
all showed a stmylar normal morphology The same
apphied to cells ncubated 1n basal medium 10 Whih
was added etther serum Np plus unheated GPS (Fig
Dor serum Cop 111 plus heated GPS (Fig 2)(tubey
4 and 6 respectively n Table 1) Dark fiely
mucroscopy on cells from these tubes showed thy
alf cells were moule (table 1}

In contrast all cells mcubated n basal medium
with serum Cop 111 and unheated GPS were found
1o be smmobilized (tube 7, Table 1) By electron
mucroscopy 1t was observed that these cells wery
swollen and the extenor of ther outer membran
was covered with some fuzzy matersal which aimot
obscured the outer border (figs 3 and 4) The total

Reaction Mexturcs aftcr ¥ arious Hours of fncubatt #

Tube no 1 2 3 4 5 6 7
onemes suspended
;lr;r!e)‘;sal medum (mi) 025 025 025 025 0 35 (()) 25 (()) 25
dded(ml) 025 005 005 O 020
:;l.\s;: x:es:::::]:duiumn [} Q [\ 005Np  005Coplll 0O05Coplll O ggucop m
G:S :ddcd ml 0 0206 0204 0200 0 0200 02
Hours of mcubation Percentage of motie cells
100
t00 100 100 100 100 100
2 100 100 100 100 100 100 fg
(3] 100 100 100 96 100 o
¢ 67 100 100 100 82 100 o
,g 56 96 100 9% 88 96
heated GPS
theated GPS (56° C for 30 minates) o0 erial and Methods)

fcom healthy blood donors (see Mat

=pool era
Np=poot of ¢ from a syphilitic patient &)

Cop 111 =serum

ALQ



50 per cent of the cells were found to be swollen and
their surface covered by fuzzy matenial All cells
meubated for 8 and 12 hours were swollen and
covered by the same type of fuzzy material This
correlated well with the number of tmmotule cells
detesmuned by dark field microscopy of cels from
thesame samples which amounted to 0. 12,37, 100
and 100 per cent of the cells counted (Table §) The
mmunoimmobilized cells showed some indication
of lysss after incubation for 12 hours (Fig 4) while
those mcubated for 8 hours did not Al swollen
<y presented ssridar morphological features

TABLE 2 Effect of Dilusion of Serum Cop 111 on the
Monlity of Treponemes ofter 8 Hours of Incubation

Tube Serum Cop 114 dituted

\

® U0 1T 17F 18 116 1732 1ies
5100

6 100 100 100 700 100 100 100
1 4 58 74 92 100 100 100

DISCUSSION

Specamens for electron mucroscopy were prepared
as soon as possible after the 8 hours incubation
peniod so that the morphological changes observed
most probably could be attributed (o the effects of
the immunoimmobilzation and to a much fess
euent to autolysss of the cells Immunoimmobuli-
16d oells from suspensions incubated fos §2 hours
were found to be shightly more damaged than cells
sncubated for 8 hours This indicates that duning the
4 hours of tcubation 1n the immobalizedt state, the
cells were subjected to further ijury from intra- or
evtracellular Jyuc agents

Cells from suspenstons of the controls of the TP]
test presented an ultrastructure normal for 7
patidum cells Even cells from the control suspen-
sions n plain basal medrum which after incubation
showed as many as 40 per cent immobile cells, all
showed a perfectly normal morphology Gretfelt (1}
observed that treponemes incubated 1o basal me-
dium to which sperific antibodies and actve
complement were added, appeared swollen and with
ndistinct  contours, and Zaffire {13} reported

Each figure gwves the percensge of motile cells
deternuned by dark field microscopy On portions of each
tube Contenvis of tubes 2s 1 Table |

The percentage of momle ireponemes afier
Incubanion for 8 hours with heated or unheated GPS
and varying concentrations of serum Cop 111 15
shown 1 Table 2 Al trepoRemes which were
motfe presented an appearance typical of normal 7
pallidum cells Examination in the electron micro
Scope showed that the perceniage of swollen cells
*1th fuzzy materal on therr surface corresponded
amazingly well to the percentage of immobile cells
found by dark fietd microscopy (Table 2)

of the of
incubated with specific antibodies and complement
The regutar helical shape of the cells was damaged
and fibnis were seen along the cells In our studies,

that 2 distinct gap 1S present betwecn the outer
membrane and the cytoplasmic body. and the
surface of the outer membrane 1s covered by furry
material These characteristic changes have not been
seen 1n othér preparatons of T pallidum cells
studied by electron microscopy, icrespective of
whether the examined cells were unfixed fixed with
different fixatives or treated with varjous enzymes
or detergents (2}

Figs 3~5 show cells immunownsaobitized after

ncubation i basal med;
GPS The cells appear swollen and the surface of o poman SYBILS serum and unheated

that the fuzzy layer gives the cell border a b

Fizg 3 Treponeme afier 8 hours of incuhation

Fig 4 Treponeme afier 12 hours of ncubation This cell shows a sl

iz )

f their outer membrane (OM) 1s covered by

y some fi
urred and mdsstinct appearance o meenal Note
present at the ends of the treponeme are dsfficult 1o visualize 1n the immunor

(arrows) The three zones normally
mmobilized cells

ight tendency 1o lysis compared with the celt

Fie 5 Treponeme incubated
Fig 5 Tre me incubated for 8 hours The border of the outer cell membrane s seen to conyy 1l
inue all around the
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$0per cent of the cells were found to be swollen and
ter surfuce covered by fuzzy materal Al cells
mubaed for 8 and 12 hours were swollen and
asersd by the same type of fuzzy matenial This
ardad well with the number of immobile cells
f’:rmmed by dark field microscopy of cells from
g .

s er incubanon for 12 hours {Fig 4) while
B¢ mtated for & hours did not All swollen
=5 prasen.ed simitar morphological features

M3LE ) g5,
e nl;;' of Dtution of Serum Cop 111 on the

poniemes ofier 8 Hours of Incubation

Te Setum Cop 111 d luted

WV ak s 118 1732 176e

: 100
100
;o 1% 100 100

100
8 14 9

100

100
100

100
100
= Sy

T neg by
" Coments

&ves the percentage of moule cells

dark ety MUCTOS00pY on
portians of each
of tubes a5 in Vable 1

:&u palumzagc of motile treponemes after

a mwn 07 § hours with heated or unheated GPS

o 0§ concentrations of serum Cop 111 &5

mley:;,:)l:f 2 AR teponemes which were
2n appearance typical of

3 dum e Examination | 4 o s

DISCUSSION

Specimens for electron microscopy were prepared
as soon as possible after the 8 hours incutation
period xo that the morphological changes observed
most probably could be attnibuted to the effects of
the immunoimmobilization and to 2 much less
evient to autolysts of the cells Immunoimmobils
7ed cells from suspensions sncubated for 12 hours
were found 10 be shightly more damaged than cells
sncubated for 8 hours This indicates that during the
4 hours of incubation 1n the immobilzed state the
cells were subjected to further injury from mtra or
eviraceliular Iyt agents
Cells from suspensions of the controls of the TP{

test presented an ultrastructure normat for 7
palidum cells Esen cells from the control suspen
sions in plain basal medium which after incubation
showed as many as 40 per cent immobile cells all
showed a perfectly normal morphology Gresfelr (1)
observed that treponemes incubated 1n basal me
dwm o which specific antbodies and acine
complement were added appeared swollen and with
indistinct  contours  and Zaffiro (13) reported

| of the of

ncubated with specific antibodies and complement
The regular helical shape of the cells was damaged
and fibrils were seen along the cells In our studies
the morphology of immunoimmobstized cells pre
sents pronounced differences compared with that of
normal cells The periplasmic space 18 widened so
that a distinct gap 1s present between the outer
membrane and the cytoplasmic body and the
surface of the outer membrane 1s covered by fuzzy
material These charactenisuc changes have not been
seen 1o other preparations of T pallidum celis
studied by electron microscopy  irrespective of
whether the exarnined celis were unfixed fixed with
different fixatives or treated with various enzymes
or detergents {2)

£ 3-8 chawr
b

g . . :
eser

% 3 Treponeme afier § hours of incubayon

¥ ¥ Freponeme i

4 visud UE 1) e UNmunoimmobilized cells

% 4 Treponeme afier 12 hours o *ncul T ows z shight tendency
ues Of sncubation Thys celf sh g} e
A 1o lysis compared with the geyp y

cubated for 8 hay
100 ke evaginar on U3 The border of the outer cell membrane 1S seen 1 conunue i around th
und the



It 15 concervable that the fuzzy material present
on the surface of the immunoimmobilized cells n
some way 1s responsible for the widening of the
peniplasmic space The presence of this material
probably tnfluences the osmotic barner capacity of
the outer membrane so that an uncontrolled nflux
of water and 1ons occurs thus creating the gap
between the cytoplasmic body and the outer
membrane of the cell

It has been suggested that immobtlization of the
treponemes represents the end result of two types of
sequential reactions (10) The events of the first
reaction sequence lead to a sensitization of the
treponemes and those of the second result n the
actual immunoimmobilization {8) One or several
thermolabile factors present in the unheated GPS
were shown to be essentral for both sensitization
and immobilization (8 9} From the present expen
ments no morphological changes can be correlated
with the sensitization process and 1t has also been
mpossible to determine whether the mmmunoim
mobilized cells are killed or paralysed

Qur experiments corroborate the previous fin
dings that in addition to antibodies the presence of
some thermolabile factor or factors from GPS 15

1 for the bl to occur
{9) The morphological changes observed are
considered to be specifically attributed to the
immobilization process and to be caused by the
combined action on the treponemal cells of antbody
and at least one thermolabtle factor in the GPS Itis
tempting to suggest that the fuzzy material
covering the immunoimmobilized cell consists of
antibodies present 1n serum from syphilitic patients
which complex with factors present in the unheated
GPS This hypothesis can to a certain cxtent be
tested by 1mmunoclectron mucroscopy and the
results obtained with this techmique will be present
ed 1n a subsequent paper

The authors wish to thank 4 Anudscn for her excellent
assistance 1n the performance of the TPI tests We also
thank F Laursen for excellent assistance n electron
microscopy and 4 G Oversaard and £ Lowrsen for

expert photographic work
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SENDAI VIRUS HAEMOLYSIS
MECHANISM OF THE INCREASED HAEMOLYSIS
OBTAINED BY PRETREATMENT OF THE VIRUS WITH
ANTIBODY AND COMPLEMENT

PER FADMES and GUNNAR HAURENES

The Gade Insutute Department of Microbiology Umversity of Bergen Bergen Norway

Fadnes P & Haukenes G Senda; virus haemolys:s Mechanism of the increased haemolysis obtained
by pretreatment of the virus with anubody and complement Acta path microbiol scand Sect C 87

223-227 1979

Sendar virus 15 haemolytic agamnst erythrocytes from vanous species Pretreatment of the virus with
agtibody and complement (C) resulted tn a sixfold increase in the haemolysss The viral haemolysin
(HL) could be tnactivated by heatng the virus at 37° C for § b HL-tnacuvated virus became
hacmolytic agan when pre treated with antbody and C This acquired haemolytic capacity
corresponded 1o the enhanced haemolysis shown by intact virus It is concfuded that the enhanced
haemolytic actvity 15 due to a C mediated indirect haemolysis and 15 not depeadent on the fusion
process The possibitity of cell damage n vivo from virus anubody-C complexes 1s discussed

Key words Sendas virus haemolysss immune complex
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Senda virus produces a factor which causes
fusion of ammal cels and of virus and erythrocytes
clled the fusion factor or haemolysin (HL)
fespectively Prior to haemolysis the virus mem
e fuses with the erythrocyte membrane The
fiormal haemolytic activity of Sendat virus 1s thus
ascribed to lestions n that part of the wvirus
membrane which has become inserted into the
erythrocyte membrane (1 10) Homma ef al {6)
bave reported that virus harvested at an early stage
tad 0o Jesions and Yacked the acuviy 10 lyse ery
throcytes After freezing and thawing or when har
vested later the virus became haemolytic This also
occurted when virus was pre treated with antibody
and complement (C) This led the authors to
conclude that C mediated lestons of the virug
membrane might cause leakage of hasmoglobin
Q10

in the present study We have examined the
mvolved in the enh of Senda;

- neematurie mavcod b anbody and C

MATERIALS AND METHODS
Virus

Parainfluenza 1 varus (Sendai) was propagated 1n the
chick allantoic cavity for 2 to 3 days In some
expenments the Virus was punfied by pelleung s the
ultracentnfuge at 100000 xg for t h The virus was

quanufied by haemagglvtnauon (HA) using chick
erythrocytes

Antisera

Antiserum against Sendat virus was raused rabbits
by injection of uning allantoie
fshlnzd The anuserum gave HA hibition {HI} utces of
Am(l: ,I,‘OE:-. tgamfl : HA umts or. Sendar virus
¢




Complement (C)
Fresh guinea ptg serum or guinea pig serum stored at
—70° C was used as source of complement

Buffer

Studses of C activity were performed using a barbital
buffer of pH 7 3 made 1sotonsc by 0 8 per cent NaCl and
supplemented with 015 mM CaCly and 05 mM
MgC12{C-buffer) To stop the activation of C, 10 mM of
ethylenediaminetetraacetic acid (EDTA) was added

Sendai Virus Haemoly sis

Pre-treatment of Sendai virus by antiserum and C was
performed in glass tubes 1n a total reaction volume of 0 3
ml, consisting of 0 1 ml Sendar virus 1n allantoic furd
(HA titre 1024) 01 ml diluted antiserum and 0 1 mi
dituted C Controls in which antiserum or C was
replaced by C-bulfer were always included

The reaction mixture was incubated at 37° Cfor | h
Thereafter 2 ml of a 2 per cent suspension of chick
erythrocytes 1n the barbital buffer with 10 mM EDTA
and without Ca** and Mg** was added The tubes
were incubated for a further hour at 37° C and shaken
repeatedly to prevent sedimentation of the erythrocytes
The erythrocytes were then pelleted at 3 600x g for §
mun. and the optical density (OD) of the supernatant was
read 1n a Hitachi spectrophotometer at 540 nm

EXPERIMENTS AND RESULTS

Haemolyue Actnity of Untreated and Antibody-C
Treated Virus

The reaction between virus and erythrocytes was
stopped at different times (2 to 60 mun) and the
haemolysis recorded at ODsic A representatve
experiment 1s shown n Fig |

The haemolytic actvity of antibody-C-treated
virus was Jow during the first 5 mun, followed by a
rapid and linear increase between 5 and 20 min
Further incubation up to 60 min gave only a shight
merease Pre-treatment of virus with antibody and
C resulted 1n an approxuimately sixfold increase

haemolyss

Haemolytic Actnity after Removal of Soluble Serum

ors
Fa'cr’he possibility exists that C3and C5 conv:nasa?
already present on the virus surface might spht C
and C5 mn the reaction mixture after comtact
between virus and erythrocytes In this way ::e
haemolytic C5-9 complex might be built up on the
teenmsta membrane To examine this possibility

N

ilaemolytxc activity (kig 2/

414

00540

20 40 60

Minutes

Fig { Haemolyuc acuvity {ODsac) of Send:
before and after treatment with antibody and C O~
Untreated virus @ —® virus treated with antserum 10
\nfluenza virus B/Lee (1 16) and C {116) for ih
Haemolysis was recorded at intervals duriag a 60 min
incubauon period

a1 vIrus

Haemob tic Actnap of HA- and HL-Negatne Vlmi
Preliminary experiments mndicated that the |
was very sensitwve to heat At 56° C the HL actvity
was lost almost immedaately, while sncubation 3¢
37° C led 1o a gradual loss of acuvity 1n the course
of 5to 7Th At 56° C the HA acuvity was also lost,

whereas 11 was still present after 24 h at 31°C

1t has been reported that the treatment of measles
virus with 4 7 per cent formaldehyde for 30mmat
37° C completely iactivates the HL, while son::
HA acuvity 1s retained (8) Sendai virus appeared
be more sensitve to formaldehyde since a 025 per
cent solution inactivated both HL and HA "

Since the HA acuvity was retamned after gyl .
tion at 37° C, this procedure was used to study lbe
effect of HL inactivauon Treatment at 56° Cor by
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Fig 2 Increase 1n haemolyuc actvity (ODs«od by
Ueating Sendai virus with anubody (anu influenza virus
B/lee 116) and C Haemolysis was recorded before
and afier removal of solubte serum factors by petleting
te virus at 100000 x g for | h @ —@ Virus treated
with antibody and C O--O wvirus treated as above
after the removal of soluble serum factors

256

formaldehyde was performed 1n order to mactivate
both HA and HL
Untreated virus and virus treated with anubody
A, were et w5 o bifierent times
before the haemolysts was measured (Fig 3) Afier
Shat 37°C untreated virus had lost its haemelynic
actvity (HL negative virus) Anubody and C-
tom 2 H [

- s ey a4 he
difference 1n haemolytic activity between these two

virus preparations corfesponded well with that
obtained when USINg 1ALt Virus not treated with
anubody and C Treatment with anuserum 1o

Sendai virus resulted in a greater difference between
HL. negative and mtact virus than treatment with
anuserum to the host anugen (Fig 4}

HA- and HL 1nactivated virus (56° C or formal
dehyde treatment) showed no hasmolytc actvity
even after treatment with anubody and C The same
effect was observed when high concentrations of
anuserum to Sendai virus and intact virus were
used possibly due to mnfubiuon of the contact
berween virus and erythrocytes

Physical Treatment of the Virus

1n order to examine w hether increased disruption
of the virus had“any infiuence on 1ts haemolytic
actvity  different physicat treatments of the virus
were performed

Treatment with ultrasomues (22 hedfor 210 120 s
or [reezing and thawing several umes (1 to 10} had
no influence on the haemolytic activity of the virus

0ODs40

30

10

1 3 5 7

Hours

Fig 3 Haemolyue actvi,

y (0Ds40) of vy
anubody-C treated Sendas virus after dxf{ern;ﬁwd e
incubation a1 37° C @ —@ Untreated vrus by
\C:s treated wath antiserum 10 nfluenza virus o
Witranacy 16) srn e/



Complement (C}
Fresh guinea pig serum or guinea pig serum stored at
=70° C was used as source ol complement

Buffer

Studses of C activity were performed using a barbital
buffer of pH 7 3 made 1sotonic by 0 8 per cent NaCl and
supplemented wiyth 0 15 mM CaCl; and 05 mM
MgCl; (C buffer) To stop the acuvation of C 10 mM of
ethylenediaminetetraacetic acid (EDTA) was added

Sendai ¥irus Haemob sts

Pre treatment of Sendas virus by antiserum and C was
performed 1n glass tubes 1n a total reaction volume of 0 3
ml consisting of 0 | m! Sendar virus 1n allantoic fluid
(HA utre 1024} 0 | ml diluted anuserum and 0 1 m!
dituted C Controls 1n which anuserum or C was
replaced by C buffer were always mcluded

The reaction mixture was incubated at 37° C for 1 h
Thereafter 2 ml of a 2 per cent suspension of chick
erythrocytes in the barbutal buffer with 10 mM EDTA
and without Ca** and Mg** was added The tubes
were ncubated for a further hour at 37° C and shaken
repeatedly 1o prevent sedimentation of the erythrocytes
The erythrocytes were then pelleted at 3 600 x g for §
min and the optical density {OD) of the supernatant was
read 1n a Hitachi spectrophotometer at 540 nm

EXPERIMENTS AND RESULTS

Haemob tic Actnity of Untreated and Antbody C
Treated Virus

The reaction between virus and erythrocytes was
stopped at different times (2 to 60 min) and the
haemolysts recorded at ODsy A representative
experiment 15 shown 1 Fig |

The haemolyuc activity of antibody C treated
virus was low during the first S mm followed by a
rapid and linear increase between 5 and 20 min
Further 1ncubatton up to 60 min gave only a slight
increase Pre treatment of virus with antibody and
C resulted 1n an approximately sixfold increase m
haemolysis
Haemoly fic Actiit after Remoal of Solublc Serum
Factors

The possibility exists that C3 and CS5 convertases

Lt C3
resent on the virus surface might sp
s yion muxture after conact

and C5 1n the reac
between virus and erythrocytes 1o thuis way the

_ 1ght be built up on the

haemalyue C3 9- comﬁpl;:\l:fmme this possibility
xture were

ated virus

y +a Ingandre

at 100 000 x g for { h followeu Ubserved o e

pelleting No 1nfluence was O
haemolytic actvity (Fig 2)

1A

60

40

20
Minutes

Fig 1 Haemolytc acuvity (ODsso) of Sendat
before and after treatment with antibody and C o—
Untreated virus @ —@ virus treated With anuserum &
\afuenza virus B/Lee (1 16) and C (116) for 1 B
Haemolysis Was recorded at intervals during 2 0 mn
wncubation penod

¢ Mirus

Haemoh tic Actnan of HA and HL Megaine hmlf
Preluminary evperiments mdicated that the F
was very sensitive to heat At 56° Cthe HL actv ity
was lost almost immeduately while incubation at
37° C led 1o a gradual loss of actmity 1n the course
of Sto7h At 56°C the HA actvity was 2lso lost

whereas 1t was sull present after 24 hat 37° C

1t has been reported that the treatment of mcnSlf
virus with 4 7 per cent formaldehyde for 30 min @
37° C completely nactivates the HL while sonl\;
HA activity 1s retatned (8) Senda) virus appeared
be more sensitive to formaldehyde since a 025 per
cent sotution mactvated both HL and HA "

Stnce the HA actvity was retamned after incy "
won at 37° C this procedure was used o study lbe
effect of HL mactnation Treatment at 56°Cor by



has been shawn w ooctr with antibody and C
treated and er
(9 1t has teen suggawd that the haemolysis was
due to free C5-9 or to C53-9 bound to bactera
However Kolb & Muller Eberhard (1) have shown
that free C5—9 15 not haemolytic aganst erythrocy
tes We think that the above mentioned results with
S typhimurium may be explamed by the binding of
C5-9 by small walt fragments not pelleted in the
centnfuge

The 1ndirect haemolysts observed by antibody
and C treated Sendar virus rasses the possibility of
cell lysis by the same mechamsm in sno Virus
antibody complexes which have activated C and are
still able to attach to susceptible cells may cause lysis
of these cells if the complexes are not phagocytsed
If this mechanism 15 operative i viio damage of
non fected tissue from circulating virus antibody
C complexes may result.
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Fig 4 Companson of haemolytic acuvity (ODsyp) of
tntact Sendar virus and HL negative virus (reated for 24
h at 37° C) after treatment with antibody and C @ —@
Intact virus treated with antiserum to influenza B/Lee
and C (116) @—~@® HL negative virus treated as
above, O—O ntact virus treated with anuserum to
Sendat virus and C {1 16) O~-=O HL negative virus

treated ad above

DISCUSSION

The C-induced haemolysts cannot have been caused
by heterophil antibody to erythrocyte antigens Since
this reaction does not take place 1n the presence of
EDTA The C must therefore have been activated
by the reaction of virus with its antibody

If the enhanced haemolysis observed by treating
Sendar virus with antibody and C was due to an
ceased number of Jesions in the virus membrane
sly reported {10) 1t could be
‘disruption of the membrane
flect In ovr studies neither
1¢s nor repeated freezing and

fisla
as fias beéen previou.
etpected that physical
would have the same €l
treatment with ultrason;

AN

thawing had any influence on the haemolyue
activaty of the virus

All the haemolytic activity of the virus was
1nactivated after mcubation for several hours at 37°
C (HL-negative virus), but treatment of this virus
With antibody and C rendered 1t haemolyue agan
Thus this C-mediated haemolysis cannot be due to
an ancreased number of lesions m the virus
membrane It has been shown previously that
antibodies to the host antigen give rise to hols m
the Sendai virus membrane in the presence of C(5)
Simiar holes were produced using antiserum to
Sendar virus (unpublished)

The difference obtamed by mactvarmg HL
before and after treatment with antibody and C
further supports the view that the Canduced
haemolysis does not depend on a fusion process
Antibody- and C-treated virus lost almost all its
haemolytic activity after 7 h at 37° C, whereas H-
negative (24 h at 37° C) wirus became strongly
haemolytic when treated with antibody and C Thus
this dufference cannot be explained by nactivation of
HL, but may be due to the inactivatton of activated
C complexes (C5~9) after several hours at 37°C

The haemolysis by HL.negauve virus was
weaker than that obtained wath intact virus when C
and antiserum 1o the host anfigen were used The
difference 1n haemolytic activity was similar to the
haemolytic actvity obtained with Intact untreated
virus This may mdicate that the Canduced
haemolysis ts the same regardiess of whether the
HL ts intact or inactivated Usmg antiserum 1t
whole Sendai virus the reduction of Cundu
haemolysis with HL-negative virus was greater
than that obtained by using antiserum to the host
antigen This lowered haemolysis may be explained
by an inactivation of the antigenic part of the HL. 11
has been shown with messles virus that HL-
antigen-antibody activates the classtcal C pathway
3)
Remosal of soluble serum factors from the
reaction mixture by pelleting the virus had no effect
on the haemolytic actvity This indicates that C
mediated haemolysis cannat be due to acuve C3 ot
C5 convertases on the virus membrane sphttng C3
and C5 and thus formung the membrane complet
C5~9 on the erythrocyte

The only explanation of the merease i haemoly-
s15 after treatment of the virus with antibody and €
seems to be indirect haemolysis due (o active C5-9
complexes on the virus membrane The C5-9
complex may act on the erythrocyte membrane
from the attached virus or 3t may move from the
virus to the erythrocyte tn an equilibrium rescuon
Both theonies would requtre a close contact bex\'wxn



has been Shov\n (o occur with anubody and C-
treated
{9) It has been suggm(ad that lhe ha:molys:s was
due to free C5-9 or to C5~9 bound to bactera
However Kolb & Muller Eberhard (1) have shown
that free C5-9 1s not haemolytic against erythrocy
tes We think that the above mentioned results with
S ph murium may be explamned by the binding of
C5-9 by small wall fragments not pelleted in the
centnifuge

The indirect haemolysts obsecved by anubody
and C treated Sendar varus rasses the possibility of
el lysts by the same mechanusm 1 o Virus
antbody complexes which have activated C and are
st} able to attach to susceptible cells may cause lysts
of these cefls 1f the complexes are not phagocyused
If this mecharusm 1S operative i 3o damage of
oo nfected tissue from airculating virus anubody
C complexes may result
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IgA AND IgG ANTIBODIES AGAINST SURFACE
ANTIGENS OF PSEUDOMONAS AERUGINOSA
IN SPUTUM AND SERUM FROM PATIENTS

WITH CYSTIC FIBROSIS

P O SCHIOTZ N HOIBY H PERMIN and A WIIK
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and Swatens D of Clinical at and
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Schietz P O Hoiby N Permmn H & Wik A IgA and 1gG antbodies against surface antigens of

Pseudomonas aeruginosa 1n sputum and serum from patents With cysuc fibrosis Acta path microbiol
scand Sect C 87 229-233 1979

Eleven cystic fibrosis (CF) pauents chromically infected 1n the lungs with mucod Pseudomonas
aeruginosa and presenting multiple precipiins 1n serum agamst this bacterium (CF + P) and 10 CF
paents without P aeruginosa 1nfection (CF-P} had their serum and sputum sol phase specimens

p<O 1) The ttre of IgA antibodies in the sputum was higher than 1n serum 1n 3 cases ndicating

tocal pulmonary production of speaific IzA antibodies The role of the demonstrated anubodses 1 the

local pulmonary tmmune defense mechanisms and the possible

damage 1 CF patients 15 discussed

patogenesis of the putmonary tissue

Key words Cysuc fibrosis Pseudomonas aeruginosa anubodies sputum

P O Schiotz Paediatnc Department TG Rigshospitalet Tage

Denmark
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Chrome pulmonary wifection with mucoid Psey-
domonas aerugiosa 15 known to occur in most
cystic fibrosis (CF) pauents sooner or later and 15
associated with a poor prognosis (16) In spite of 2
Pronounced humoral immune fesponse reflected by
bigh tevels of antibodies a’ga:r‘\st P aerugingsa

keeping the nfection localized to the fespiratory
tract This suggests that an immunological defect
might exsst locally in the hung

Using crossed rmmunoelectrophoresis with inter
e S e e i recotating

ensve) 18 DK 2200 Copenhagen N

antibodies agamst water soluble antigens of P
4deruginosa 1n the sputum sol phase of CF patients
with chrome P gerugimosa lung infoction {20)
However 1t was not settled whether these antibo
dies were durected agamst surface antigens of P
aeruginosa and the immunoglobulin class was not
investigated
In the present work we therefore

mvestigate the occurrence of IgA and lg‘(?:ll::s 'o.}






TABLE 1| Titres of fgd Annbodies agarnst Surface
Antigens of Pseudomonas aerugtnosa s Serum and
Sputum Sol Phase and Number of P aeruginosa
Precypuins in Serum from 21 Cystuc Fibrosis Panents with
{CF+ P)and without (CF-P)P zerugmosa Lung Infecuon

TABLE 2 Titres of JgG Antibodies aganst Surface
Anngens of Pscudomonas acrugmosa in Serum and
Sputum Sol Phase and Mumber of P acrugmosa
Precipuins in Serum from 21 Cysuc Fibros:s Patients with
(CF+ P)and without (CF~P)P asruginosa Lung Infection

tmo  No of Serum  Spummsol  Paneotmo Mo of Serum - Spuruan sol
et P aerugimosa  uwed)  phaseutred) P aerugmosa  turet)  phase tire?)
CF-P precipiuas CF-P precipiins
11 serum In serum
] 1 4 [ 1 1 32 4
2 [ 2 0 2 ° 2 [
3 1 32 4 3 1 o 0
4 [ 1 1 4 o 4 o
5 [ H 0 s 0 2 0
6 0 3 2 6 0 128 1
7 0 2 [ 7 0 [ 0
3 0 4 0 8 0 4 [
9 0 0 [ 9 [ 1 [
10 1 0 0 10 t ° 0
CF+P CF+P
1 20 256 H u 20 1024 32
12 24 128 64 12 2] 2048 16
13 39 12 64 13 39 4096 2
1 16 512 8 N 16 2048 8
15 20 4096 128 15 20 256 16
16 43 64 16 16 48 2018 16
17 3 64 256 17 3t 1024 3
13 7 256 [ 18 1 512 4
15 b2 128 ] 19 24 2048 16
by 41 64 512 20 41 1024 64
2 30 256 512 H 30 256 16

90 means negave white the Pposiive ttres are
wndicated as 1 (posive undifuted) or with the
Tectprocal value of the highest positve dilution

agamnst surface antigens of the patients own P
aerugingsa stram 1n serum and sputum of CF+P
Patients The presence of low titered aeruginosg
antibodies 1 CF-P pateents 15 well agreement

) symbols as 1n Table |

by the bronchus assocrated lymphoid tissue. The
presence of P geruginosa antigens 1 the sputum
and the possibility of immune complex formation

between P aeruginosa antigens and specific IgA
anu P ib

With our knowledge of cross feacting
as)

The titres of IgA and 12G antibodses agamst
Surface antigens of P aeruginosa 1n the sera from
CF + P patients were significantly hugher than the
titres in the corresponding sputa. This may 1ndicate
that the presence of IgA and 1gG antibodies 1n the
sputum sol phase 15 at least to some degree a result
of exudation from serum through an 1nfla,
mucous membrane However three patients show
ed higher titres of IgA antibodies 1 thewr sputumn
sol phase than 10 serum Ia these cases some of the
IRA class antibodies are probably produced Tocally

nosa may lead to an
underestimation of the locally produced specific
IzA

The number of P aeruginosa Precipitins 1n serum
from CF + P patrents only showed corTelation to the
128G titres 1n sputum — and the rather low R value
{0 65) may reflect the differences n the 2 Methods
employed to detect these antibodies

One of the mam roles of I8A antibody
mhibit bactersal adherence 1 the iy

ag:



PATIENTS AND METHODS

Patients

Twenty-one CF patients were included 1n the study
All patients had a typical history of CF and markedly
elevated sweat electrolytes 1n repeated tests (9)

(1) One group consisted of 11 CF patients (8 males and
3 females, median age 13 years, range 1026 years)
suffering from chromc pulmonary infection with mucoid
strains of P aeruginosa {CF + P) and more

studied for presence of IgA and IgG antibodes to P
aeruginosa using fluorescein 1sothiocyanate labelled IgG
fractions of rabbit antisera specific for human a and y
chains from Dakopatts, Denmark The specifiaity of the
conjugates had been checked by crossed immunoelect
rophoresis against normal human serum and direct

1)) on ! bone
marrow specimens from patients with myelomas (gG,
IgA) (24) Results were read m a Lestz Ortheplan

than 10 different precipiins tn serum agamst water-
soluble antigens from these bacteria The patients have
been followed as previously described (12, 13) Mean
duration of the P aeruginosa respiratory tract infectton
was 4 5 years, range 1-8 years

(11) The other group consisted of 10 CF patients (5
males, 5 females, median age 14 years, range 10-21)
without P geruginosa lung infection (CF~P) and without
serum precipitins against P geruginosa antigens In 6 of
the CF-P patients Staphy lococcus aureus Haemophilus
influenzae or Klebsiella pneumoniae were 1solated from
the resptratory tract during this study

Sputum

A 3-h-sample of sputum was collected at 4°C from
each patient between 8 am and 11 am as described
previously (6, 20) Each sample was subjected to
bacteriological examination and the ongin of the
specimens from the lower respiratory tract was confir-
med by studymng the epithelial cells present {13, 20) Sol
phase of sputum was obtained by ultracentrifugation at
120 000 x g at 4°C for 4 h and stored 1n small aliqouts
at - 80°C (19)

Crossed Immunoelectrophoresis

The occurrence of circulating precipitating antibodies
n serum aganst P aeruginosa were nvestigated by
means of crossed immunoelectrophoresis {microtech-
nique) as described previously a4

Immunofluorescence Techmque
Eleven stratns of P aeruginosa from the Il CF+P
patients were cultured on solid media (Truche) (12) at
35°C overmght Each strain was suspended 1n sterile
0 154 M NaCl (approximately 109 CFU/ml) and kept at
_30°C unul used for the experiments Subcultures on
solid media from the suspensions showed that most of
the cells at that tme had reverted to the non-mucotd
dissocsants, although they were mucoid at the ime of
m the patients
lsoi:‘fll:: tg:wmg, L:e organisms were washed 2 times 1n
phosphale-buffued saline (PBS) with 1% human serum
albumin, pH 74 A suspension was prepared oomammgl
approxmately 106 CFU/ml 100 pl of this bacterial
suspension was incubated with 100 pl of scru; :r
sputum sol phase at 37°C for 30 minutes rouo;, | );‘
washings in PBS for 10 minutes at 1000 g w o
g:]ugaw (see below) was added am: 111;: m;ﬁa ;v:res:;zr::
utes at 4°C, follow:
m:“:I? t:dasl;‘o‘r“:so 'lln'}:l; organisms Were apphed on glassl
sTdcs air-dried and mounted with a mixture of glycer‘?e
:rlxd l;BS (1 2), under cover shps The samples we

pe equipped for incident light illumination as
earlier described (21)
In patients chronically infected with mucoid strains of
P aeruginosa the autologous stram was used as antigen
source Ten of these P aeruginosa stramns were sed
randomly as antigens 1n the tests with sputum and serum
from CF-P patients
All sera were examined undiluted and difuted 1 16,
and sol phases undiluted and diluted ! 2, 14and 18
Twofold titration of positive samples was performed
using PBS as diluent

Stanistical Methods

The Mann-Whitney test, Wilcoxon's test for pair
differences and Spearman’s correlation coefficient R
were employed (7) Level of sigmficance § per eent
(double tailed test)

RESULTS

The titres of antibodies of the IgA class as well 2 of
the IgG class agamst surface antigens of P
aeruginosa were significantly higher 1n serum and
sputum of the CF + P patients than 1n serum and
sputum of the CF~P patients (p<0 01) (Table | &
2)
The CF+P patents furthermore had signifi-
cantly hugher titres of [gA antibodtes (p<005)and
of IgG antibodses (p<0 01} against surface antigens
of P aeruginosa 1n serum than m sputum (Table |
& 2) A correlation between the titre 1n serum 2n
the corresponding titre 1n sputum of the CF+P
patients could not be demonstrated neither with
regard to IgA nor with regard to IgG antibodies
against surface antigens of P aeruginosa

The number of P aeruginosa precipitins in serum
of the CF + P patients (Table | & 2) was compared
with the titre of IgA and IgG antibodies 1n seruma;
well as 10 sputum A positive correlation was foun!
only between the IgG ttres 1 sputum and the
number of P aeruginosa precipiins 18 serum

(R=065, p<005)

DISCUSSION
tes 1n accordance with

study demonstral
The present o0 o, ) the presence of high

the results of Har ot o/ (11
utres of antibodie



TABLE | Tires of Igd Anubodies against Surface
dn gens of Pseudomonas aeruginosa in Serum and
Sputim Sof Phase and Number of P acrugmosa
Precyut ns im Serum from 21 Cysnc Fibrosis Panenis with
{CF4P)and wuhout (CF-P)P aervginosa Lung Infection

TABLE 2 Titres of IgG Antibodies against Surface
Antigens of Pseudomonas aeruginosa fn Serum and
Sputum Sol Phase and Mumber of P aeruginosa
Precipitins in Serum from 21 Cystic Fibrosts Patients with
(CF + F)and without (CF-P)P acruginosa Lung Infect on

Paenino Mo of Serum  Sputum sol Pauent no No of Serum  Sputum sol
P aeruginosa utred)  phage titred) P aeruginosa  Wtred)  phase ytre?)
ar precipitins CF-P precipiuns
mserum nserum

! 1 4 0 1 1 n 4
? ] 2 0 2 0 2 0
3 1 2 4 3 1 ) 0
H 0 [ 1 4 0 4 0
H 0 8 0 s 0 2 0
§ 0 2 2 6 o 128 1
! N 2 0 7 0 [ 0
s N 4 0 3 0 4 [
13 0 0 [ 9 0 1 0

t ] o 10 ! 0 [
Fer CF+P
H 20 56 8 1 20 1024 32
iy u 128 64 12 b1} 2048 16
1 3 51 64 13 39 4096 3
i5 ts 512 8 14 16 2048 3
1§ & u 128 i5 20 256 16
u 4 64 16 16 48 2048 16
i 3 64 256 17 31 1024 2
s 7 256 [ 18 17 512 4
0 u 128 8 19 24 2038 16
2 4 64 512 20 4 1024 64

0 256 512 2 30 256 16
! ?Mm ;esauve while the posiwve fitres are %) symbolsas i Table |

by ! {posive undituted) or with the
Procal value of the hughest posstve dilution

:‘;ﬂm Surface antigens of the patients own P
Tuginosa stra

I 1n serum and sputum of CF + P
::‘l;’;: The presence of fow ttered P geruginosa
it 1S 1n CF-P patients 15 well 1n agreement
13 O Ynonledge of cross reacting

by the bronchus associated lymphoid tissue The
presence of £ aeruginosa antigens 1n the sputum
and the possibility of immune complex formation
between P ageruginosa antigens and speaific JgA

x“The Utres of IgA and IgG antibodies against
:‘* Antigens of P geruginosa 1n the sera from
Patients were significantly higher than the
lha?u;n the corresponding sputa. This miy mndicate
sutn *® presence of IgA and 1pG antibodies 1n the
o & ' So] phase is at Jeast 1o sorne degree a result
m Xudanon from serum through an nflamed

'0US membrane However three
A tuoher + trac AF Ynh b patients show
%

&

ant P dies may lead to an
underestimation of the locally produced specific
IgA

Than —tane ©D

W 65) may retlect the differences m the 2 methods
employed to detect these antibodies

One of the maim roles of IgA antibodies 15 to
1nhibit bacterial adherence to the epithelia) surfaces
In the second line of defense against P aeruginosa
infections the antibodies opsonmze the bactena and
thus promote phagocytosts of the bacteria by



PATIENTS AND METHODS

Patients

Twenty-one CF patients were inctuded 1n the study
All patients had a typical history of CF and markedly
elevated sweat efectrolytes in repeated tests {9)

{1} One group consisted of 11 TF patents {8 majes ana
3 Temales, median age 13 years, range 10~26 years)
suffering from chronic pulmenary snfection with muco:d
straws of £ aeruginosa (CF + P) and extub more

studied for presence of [gA and {3G antibodies (o P
aeruginosa ustag (uorescemn 1sothiocyanate labelled IgG
fractions of rabbit antisera specific for human a 2nd y
chawns from Dakopatts, Denmark The specificsty of the
copjugates had been checked by crossed immunopeters.
rophoresss against normal human serum and direct

h on lonal bane
marrow spectmens from patients with myelomas (136,
fgA} (24) Results were yead in a Lewz Orthoplan

than {0 different precipting 1n serum agamst water-
soluble anugens from these bactersa The patients have
been followed as previousty described (12, 13) Mean
duratign of the P aeruginosg respiratory tract snfection
was & 5 years, range 1~8 years

(1) The other group consisted of 10 CF papents {5
males, § females, median age 14 years, range 10-2J)
without £ aeruginosa lung infection (CF-P) and without
serum precipiuns aganst P geruginosa antigens In 6 of
the CF-P patients Staphylococcus aureus, Hoemophius
nfluenzae or Klebsella pneumoniae were 15olated from
the respiratory tract during this study

Sputum

A 3-f-sampie of sputum was collected at 4°C from
each patient between 8 am and 1) am as described
previously (6, 20) Each sample was subjected to
bacteriofogical examunation and the ongin of the
specimens from the lower respiratory tract was confir-
med by studying the epithelial cells present (13, 20) Sol
phase of sputum was obtamed by ultracentrifugation at
120 000 x g at 4°C for 4 h and stored 1n smal) aligowts

at~ 80°C (19}

Crossed Immunoelectrophoresis

The occurrence of circulatng precipiating antibodies
m serum agamnst 7 aeruginosa were mvestigated by
means of crossed lectroph (
mque) as described previousty (14)

[rtmunaftuorescence Technique
Eleven strams of £ aeruginosa from the {{ CF+P
patients were cuftured on solid media (Truche) (12) at
159C gvernight FEach stram was suspended in sterne
0 154 M NaCl {approximately 109 CFU/mi}and kept at
-30°C unu! used for the expensments Subcultures on
sohd media from the suspensions showed that most of
(he cells at that ume had reverted to the non mucosd
dissociants, although they were mucoid at the ume of

the patients

lso}.a (r":? .‘::T.nu ':e orpanisms were washed 2 umes
. 1% human serum

. atepared containing,

f this bactersal

roxmately 106 LrUzmy v yl o

:l;;Zpensmn was incubaied with 100 pi of serum or

sputum 501 phise 3t 37°C farc 30 mmu:oosagono;(r]ez byr
i E4 ol

twe washings 1 PBS for 10 mlnul?:n 10008 504! of

: - - . S5

shdes, ar-dried an
and PBS {1 2), vn

mountet] Wil a usl
der cover Shps The samples were

130

0 pped for incident bght Mlumination as
eatfiey described (21)
In patients chromcally mfected with mucoid strams of
P aeruginosa the autofogous Stram was used as anugen
source Ten of these P oeruginosa sirams were used
randomly as antigens 11 the tests with sputum and serum
from CF-P patients
All sera were exammned undifuted and diluted ! 16
and sol phases undiluted and dituted 12, 14 and 18
Twolold titration of positive samples was peeformed
using PBS as diluent

Statistical Methods

The Mann-Whitney test, Wilcoxon's test for pair
differences and Spearman’s correlation coefficient R
were employed (7} Level of sigmficance § per cent
{double taled test)

RESULTS

The titres of antibodies of the [gA class as wel 25 of
the IgG class aganst surface antigens of 7
aerugmosa were significantly higher in serum and
sputum of the CF + P patients than m serum and
sputumm of the CF~P patients (p<0 01) (Table 1 &

2

The CF+P patients furthermore bad signufi-
cantly higher itres of IgA antibodies (p<0 05}and
of 1gG antibodies (p <0 01) agamnst surface antigens
of P agruginosa 1n serum than 1n sputum {Table §
& 2) A correlation between the fitre 1n ssrum and
the corresponding tire mn sputum of the CF+P
patients couid not be demonstrated nesther with
regard to IgA nor with regard to IgG antibodies
aganst surface antigens of P geruginosa

The number of P aeruginosa precipitins i serum
of the CF + P pattents (Table | & 2) was compared
with the titre of I2A and IgG antibodies in serum a5
well as 1n sputum A positive correfation was found
only between the IgG ttres m sputum and the
number of £ aeruginosa preciplins 1M serurs
R =065 p<005)

DISCUSSION

The present study demonstrates accordance Ni,l:
the tesults of Hann et al (11) the presence of hig
titres of antibodies of both the IgA and 1gG classes



TABLE 1 Titres of Igd Anubodies against Surface
Antigens of Pseudomonas aeruginosa in Serum and
Sputumt Sol Phase and Number of P aerugmosa
Precpiting tn Serum from 21 Cysuc Fibsosts Patients with
{CF + PYand without (CF-F)P aeruginosa Lung Infection

TABLE 2 Tures of JgG Anubodies against Sutface
Antigens of Pseudomonas aerugmosa in Serum and
Sputum Sol Phase and Number of P seruginosa
Precipitins in Serum from 21 Cystic Fibrosis Patients with
(CF + Prand wuhout (CF-P)P acruginosa Lung Infection

e lo o Serum  Sputum sol Patzent no No of Serum  Sputum sol
Fueatno ;’ aerflgmﬂm titre?) p:ase tire?) P gerugimosa  utre?)  phase titred)
CF-P precipins CF-p precipins

mserum mnserum

1 1 4 0 1 1 32 4
2 0 2 0 2 [ 2 [
3 1 32 4 3 1 0 [
4 0 1 ! 4 0 4 [
B 0 3 [ H o 2 [
6 9 3 2 6 0 128 1
7 0 2 0 7 0 [ 0
3 0 4 o 8 0 4 0
9 0 0 0 9 0 ! 0
10 1 ° 0 10 1 0 [
CF+P CF+P

n 20 256 8 n 20 1024 32
b % 128 64 12 24 2048 16
3 39 512 64 13 39 4096 32
1 16 512 3 14 16 2048 8
Is 20 4096 128 I5 2 256 16
18 48 64 1 1 48 2048 16
" 3 64 256 17 3 1024 32
13 17 256 [ 18 17 s12 A
4 2 128 8 19 2 2048 16
» 4t 54 s12 2 4 1024 64
u 30 256 512 2n 0 256 s
-_

90 means negave while the positive Gtres are
indicated as | (posive undiuted) or with the
Teciprocal vatue of the highest positive dilution

faust surface antigens of the patients own P
eruginosa strain 1n serum and sputum of CF + p
Patients The presence of low titered P aeruginosa
antibodies 1n CF-P patients 15 well 1n agreement
;thh our knowledge of cross reacting antibodies
15)

The utres of IgA and IgG antibodies against
Surface antigens of P aeruginosa 1n the sera from
CF+P patients were significantly bigher than the

e

Phomr = L2 —acoend noon

%) symbols as 1n Table 1

by the bronchus associated lymphoid tissue The
presence of P aeruginosa antigens m the sputum
and the possibility of immune complex formation
between P aeruginosa antigens and spectfic IeA
a0t P aeruginosa antibodies may lead to an
;m:cresumauon of the locally produced specific
14

The number of 7 aeruginosa Precipiting in ses
from CF + P Patients only showed correlation t;u u':e‘
IgG titres 1n sputum ~ and the rather Jow R value
(0 65) may refiect the diferences i the 2 methods
emgloyed‘_ 1o detect these antibodres

e of the mam roles of IgA antyl
tnbubit bactenal adherence to the eplthelbl.:ld;?rf‘s e
In the second line of defense o



neutrophils or macrophages (3, 4, 25) Another
protective role of antibodies 1s to participate 1n the
complement dependent bactericidal activity of se-
rum against P aerugmosa (17) Sera from CF + P
patients seem to be able to opsomuze P aeruginosa
and thus promote phagocytosis of the bacteria by
human neutrophils {18), whereas CF sera possibly
are defective as a source of opsonins when rabbit
alveolar macrophages are muxed with P aeruginosa
cells (2, 5) Similarly, sera from most CF patients
are bactericidal against the patients own P aerug:-
nosa strain However, 1n a few cases »bactericidal
blocking« antibodies seem to occur 1n CF patients
sera which are less efficient than normal sera m
killing the autologous strain (17)

It should be noted that although all the P
aeruginosa strains prnimarily were mucoid the
mucoid substance 1s not firmly bound to the
bacteral cells, but diffuses mnto the environment
particularly 1n a flud phase system (8) In the
present study we have therefore probably worked
mainly with non mucoid stramns The dissociation
of P aeruginosa from mucod to non mucod
variants 15 also known to occur in vivo and may
play an important role in the host parasite
relationship (1, 8, 10, 13, 14, 17) The present
results, therefore do not tell whether antibodses
against mucoid substance are present i serum and
sputum of CF patients Further studies should be
undertaken to elucidate this problem

The presence of antibodies 1 sputum from
CF+P patients agamst surface antigens of P
aerygmosa supports the concept that immune
complex formation between P aeruginosa antigens
and antibodies may take place 1n the lungs 1n these
patients even tf the antigens are situated on the
surface of whole bactersal cells according to the
present results Immune complex activity 1n serum
and sputum from CF + P patients have previously
been demonstrated (21, 22} Furthermore comple
ment split products have been found 1n sputum
from CF + P patients {23) possibly due to comple
ment activation by 1mmune complexes consisting of
P aerugmosa antigens and P aeruginosa antibodies

Deposits of 1mmune complexes have also been
demonstrated 1 the lungs and trachea from CF
1
pa(Il:n;r(lclgu)smn this study shows that snsufficient
ymmune elimination of P aeruginosa from the
respiratory tract 1n CF + P patients does not seem to
be due to lack of antibodies against surface antgens
of P aerugmnosa_ Future studies should be designed
to examme the functional capacity of these e‘mubo

¥
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neutrophils or macrophages (3, 4, 25) Another
protective role of antibodies ts to participate 1n the
complement dependent bactericidal activity of se-
rum agamst P ageruginosa (17) Sera from CF+ P
patients seem to be able to opsonize P aeruginosa
and thus promote phagocytosis of the bactersa by
human neutrophils (18), whereas CF sera possibly
are defective as a source of opsomns when rabbt
alveolar macrophages are mixed with P aeruginosa
celfs (2, 5) Similarly, sera from most CF patients
are bactericidal against the patients own P aerugi-
nosa strain  However, 1n a few cases »bactericida)
blocking« antibodtes seem to occur 1n CF patients
sera which are less efficient than normal sera in
killing the autologous stran (17)

It should be noted that although all the P
aeruginosa strains primarly were mucoid, the
mucoid substance 1s not firmly bound to the
bacterial cells, but diffuses into the environment
particvlarly i a flud phase system (8) In the
present study we have therefore probably worked
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ment spht products have been found 1n sputum
from CF + P patients (23) possibly due to comple
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There 15 20 increasing interest 1 the study of
{mmunalogical mechamisms allowing the mother 1o
Prevent rejection of the histoncompanble fetus {3
8) This effect has been attributed to 2 number of
different factors sncluding a modified cellnlar
Mhrnune response and produchion of severa) subs
lances with 1mmuposuppressive properties

Among the substances with potential 1mmuno-
Suppressive  propertes  that n pregnancy are
I - .

associated relatively high molecular weight glyca-
Proten of armobility (14) The serum concentra

ton of this protein increases markedly during
preguancy and feaches 3 manmem o the 38
week of pregnancy (12 15)

In the present 1nvestigation the smmunosuppres
sive potentuals of the proten was studied 10 1 ¥iirp
models using lymphocyte transformation rosette
formation tests for T and B lymphocytes and
leucocyte migration whibition 1esis

MATERIALS AND METHODS
Maienaly
The protern fractions used were obtamned from yenous

1008 of 30 healtny preguant and 20
women ad from 20 nofmal men onpregnant

RT3






NaHCO; The agarose layers (5 mm thickness) were
imcubated at 37° C for 1% hours n 2% COzn a1
Wells 2 3 mm) were punched n the gel and 7 i abquots
of both antgen mcubated suspensions and control
suspensions coptaiing 15 % 106 lencocytes were
added The gels were incubated at 37° C1n 2% CO;and
95% humtdity for 18 hours The area of mugration Was
‘projected pnto pape of unsform quality and measuced by
cutting and we1ghing the paper image Migraton mdices
(M1) were calculated from quadruplicate tests as ratos of
m gration areas 1p antigen-Contaiing cultures 1o MIETE
tion areas 10 control cultres without antigen

Incubation of Leucocytes with PZ protein Preparations

Lenoncytes wese ncubated Wk pratess frRparalions
for 30 min at 37° C before dunng or sfter PPD
stmulation and without subsequent washing The final
PZ concentration during ftestng was 10% of the
concentration given for the preparations due to dilution
with cell suspensions and anugen

Stai st cs

Each type of experiment was carmed out as 2-8
ndividual determinations The results are given as
means + 1 5D Companisons of group results were made

using the T test of pairs and the Maan Whitney non
parametric fest.

RESULTS

Inhbitory Effect of FZ protewn Preparations on
Lymphocyte Transformation

A PZ protemn concentratian of 1 0 me/ml was
used Table 1 shows the results of one of the two
experiments performed both giving simdlar results
Significant mhubition by the control preparation
frfm male serum (M S} was seen 1 all three forms

\ Ul tests using untreated fymph (<o 01y

4 Varation of incubation tme with comparnson
between 3 hours pre mcubanon with PZ protein
preparations before sumulation and addwon of PZ
protemn simultaneously with stimutation did not
produce sigmuficantly differing results Nor did
washing the cells after pre ncubation

Dose response Effect of PZ protein Preparations 18
Lymphocyte Transformation Tests

PZ protem was used 1n senal 2 fold dilutions
starttng with a concentration of 075 mg PZ
pratem/ml and the experiments were performed
with three different lymphocyte popufations The
resufis aReT sumolanon with PHA PPD ard
MLC are shown mn Fig 1 In all three cases a dose
dependent tnhibition was observed but the 1nhibi
uon 1n the PHA expenments was only panal

Rasette Formanon by Lymphocytes Incubated wult
PZ protewt Prep and Control F

Four expeniments were performed with a PZ
protewn concentration of | 5 mg/ml The lymphocy
tes were 1ncubated with this preparation esther for
90 rminutes before testing or sumultanzously with
testing All experiments showed a tendency towards
a stuft 1n rosette formation by T lymphocytes m the
direction of fewer rosettes with 23 erythrocytes
after treatment (Table 2) This shift was sigmficant
{p<<0 05) when comparing lymphocytes premncuba
ted with PZ protein with untreated lymphocytes
The number of nell cells was sigmficantly increased
both for tests using PZ protemn and for tests using
control preparations

Incubation with PZ protein or control prepara
tions did 0ot produce sigruficant changes m the B
rosette counts found using untreated lymphocytes

Effect of PZ proten Preparations and Controf
P

and from tests using the male serum fraction
e<0on}

TABLE 1 Effect of PZ protemn Preparation from Pregnancy Seeum (PS.
M5 in Lymphocyte Transformat,

Sumulauna.

PHA

Normal Test 189362827
S, 7408147
5, 872 9

Lymphocytes were pre incubated wigs 07 = -
3 hours Normat test, test performed
given 1 dpm (means =1 SDY of 1y

on Letucocy te Af, Infubiuion
Eight experiments were performed with PZ
protemn preparatons (2 5 mg PZ protein/mil) and 4

2 and Control Preparanion from Male Serym

son Tests
PPD MLC
6132x1 333 31344172
259+ 70 3035z 199
N=x 3 94 10



PZ-protein Preparations
The starting matenial was serum from pregnant
women 1n the 35th to 38th week of gestation The P2+
protein was precipitated with 0 4% ethacridine Jactate,
the pH was adyusted to 6 and the sample allowed to stand
2t room temperature for 30 mun Following centrfuga-
tion (2500 g) for 15 mun, the precipitate was resuspended
1n 0 85 molar NaCl solution Afler re-centrifugation the
dissolved precipitate was dralysed and fractionated by gel
chromatography on Ultrogel ACA 22 PZ-proten
contaimng fractions 1dentified by fused rocket immuno-
electrophoreses, were pooled and concentrated on
Amicon 202, dialysed against Hepes buffer and sterde
filtered The punfication of PZ-protein was monstored
with a qu elect using P
cific rabbit anti human-PZ-protein serum prepared and
used as earlier described (10) PZ-protein made up about
60% of the total proten 1n the final preparanons Four
different PZ-protein preparations were prepared, 1wo of
them were used tn all lymphocyte transformation tests
and two others mn studies of rosette formatton and
I Y1 b Fracttons from normat
human male serum, prepared using the same procedvres
as for PZ-proten, were used as control material The
concentration of PZ-protein 1n the control material was
less than 0 1% of the total proten Total profen
in both PZ and control
preparations were equal it all experiments performed

Lymphocyte and Leucocyte Preparations

Lymphocytes for rosette f were obtaned
from blood samples from healthy men and women
Heparimsed blood was muxed with an equal volume of
medwita TC-199 containing Hepes buffer (Flow Lab)
heparin (50 LU /ml) and penscillin strepfomycin {100
1 and 100 pg/ml) Iron carbonyl powder (0 ) g/ml)
was added, the sample was rotated slowly for 20 mm at
37° C and active phagocytes were removed with a
magnet. Lymphocytes were 1solated on Ficoll-Isopaque
and washed twice with medwm TC-199 with the
additwves described above plus 20% human AB serum
screened for 1 y bodies Cell were
adjusted to 3 x 106 Iymphocytes per ml frozen and
stored as described previously 3.4

Leucocytes for leucocyte mugration tests were 1aken
from healthy mantoux-posuive men and women

Lymphooyte Transformation Tests
Frozen-stored  lymphocytes (3, 4) from healthy

(3, 4) The results of scintillation counting were
expressed as disintegrations per muute (dpm) Cultures
were shown 1n triplicate or quadruplicate

HEAC Rosettes (B lymphocy tes)

Human type A erythrocyles were washed thrice with
Hanks' solution and 1 ml of @ 2 5% cell suspension was
ncubated for 30 min at 37° C with rabbit anu-A serum
{1 2500) and then with fresh mouse serum {100 ) as
complement source Three ml of Hanks' solution was
added and the suspension was mixed gently Rosettes
were formed by mixing the Iymphocyte suspension (100
i) with the sensitized erythrocyte suspension (100 1) for
5 mun at room temperature and the number of roseties
formed by 200 lymphocytes were determuned

E Rosettes (T Lymphocytes)

100 3l of 2 0 §% suspension of unsensiized sheep
erythrocytes (SRBC) 1n Hanks® solution were yncubated
for 30 min at 37° C with 100 pl lymphocyte Suspension
and 20 pl fuman AB serum, pré absorbed with SRBCs
for 18 hours at 4° C The muxture was centrifuged for 5
mm at 40 g at room temperature and incubated for 13
hoursat4° C After gentle mixing the numbef of foselles
formed by 200 lymphocytes was determined 1n 3
counting chamber Lymphocytes with 23, 2 2nd |
erythrocyte were counted separately For further dewnls
see (5)

Incubation of Lymphocytes with PZ-protemn Preparations

Protin preparations contamg 08-22 me Pz
protein/ml were used The total proein concentration of
PZ preparauons and control preparations from male
serum was the same In the final cell suspensions protett
was difuted to half of the given values Lymphocytes
were bated with protemn either before
testing or simultaneously with testing 1n some cases the
lymphocytes were washed after incubation before the
tests were performed The lymphocytes Were sncubated
at 37° C m an atmosphere contaung 5% €02 and 95 %
humidny

Leucocyte Migration Infubition Tests

The agarose techmque describe
Saborg (2) and by Clausen (7) with dir
tia punified protein denivative)-induced
ton was used Heparimised blood was ‘
dextran (Dextran 250 Pharmacia) dissolved in EERS
NaCl solution mn a volume ratio of 41 After
for | hour at 37° C the leucocyte nch

d by Bendixen &
ect PPD tiubercs
magration nhubl
mixed with

200 000

rsons were used The cultures,
f;punder tymphocytes 1 0 § ml of TC 199 medium
with Hepes buffer, heparin antibtoucs and 20% AB

lated with ph) (PHA

serum were t '—~~-':~ ’mmﬁed orotein derivate
v . 000U/

vay mixed

MLs, wwe o ung cells

pA AN o ote of 400 000 cells per 0 5

diated with 2000 rad ( totat
lr:li ;’aollowmg incubauen for sevent da{; lnd{:dlzf ;A(Et
12
incorporation for 20 hours the cul ur
:;):gt‘:dewnh 2 Skatron muluple cell culture hanester

~

ed for 5 min at 150g The sedwment
es with Hanks soluuon (5 mif
150 ) and re suspended 1 Medium TC-199 (Fl‘low
Laboratanes) The cell suspension was adyusted lool . *
108 cetls per m) and incubated for 10 pun at 37°C 10
2% CO3with 100 pg PPD/m! (50 000 U /ml Satens
Serummsutut Copenhagen)
The agarose medium CORSISHY
2% agarose (Lunex Glostrup,
serum and pemiciilin streptomyain,
66pg/m The pH wasadju!

plasma was centrifug
was washed three tim

e of TC-199 conmamning
Denmark) 10% borse
66 1U /mi snd

ddenn af



NaHCOj The agarose layers (3 mm thickness) were
incubated at 372 C for 1% hours 1 2% COzm ar

Wetall 3 mm) were punched w the gel 2nd 7yl aliquots
of both antgen ncubated Suspensions and controf
suspestions contatmng 19 X (08 feucocytes were
added The gels were incubated at 37° C 11 2% COzand
95% burmdity for 18 hours The area of mugration was
projected onto paper of umform quality and meagured by
cutung and weightng the paper 1mage Migration indices
(M) were calculated from quadruplicate tess as ranos of
EMErauon Ateas i antigen-cotaming cuftures 1o migra

tion areas 10 control culfures without antigen

Incubat on of Leucocyset with PZ protewn Preparations
were incubated with protein

* Varuaton of incubation ume with comparison
between 3 hours pre mcubation with PZ protein
preparations before sumulationt and addnion of PZ
protein symultaneously with sumufation did ot
produce sigmificantly differing resufts Mor dd
washing the cells aftes pre incubation

Dose response Effect of FZ protein Preparations in
Lymphocyte Transformation Tests

PZ protemn was used i serial 2 fold dilutons
saring with a concentration of 075 mg PZ
protem/ml and the ¢xpenments were performed
with three different lymphocyte populations The

for 30 mm at 37 C before dunng or alur PPD
stumtlaton and without subsequent washing The final
PZ concentranon dunng festing was 0% of the
concenirabon gven for the preparations due ty dilution
‘with cell Suspensions and anugen

Sastcy

Each fype of expersment was carried oug as 7-8
mderdual dererpunatons The tesults 902 giwet 28
mezns * { SD Comparisons of group results were made
usiag the T test of pawrs and the Mann Whuney non
DAramEnE test.

RESULTS

Inbbitory Effect of PZ protem Preparanons on
Lyonphocyte Transformation

A PZ protemn concentration of 10 mg/m{ was
used Tble § shows the results of one of the twa
€xperiments performed both giving similar results
Sigmficant mhsbrtion by the control preparation
from mate serum (M S was seen 1n all three forms
of sumutation (p=<0 05} but the mhsbiuon by the

protein preparation from pregnancy serum {PS;)
W3S much greater and sigmficantly duiferem both
from tests using untreated lymph fe<<0 01}

sesults after ) with PHA PPD and
L are shown 1 Fig ¢ In all three cases a dose

dependent mhibion was observed but the mhibt

won n the PHA expesiments was only partal

Rasette Formation by Lymphocy te3 Incubated with
FPZ protewn P and Consrol Frepi
Four experiments were performed with a PZ

proven concentration of 1 5 mg/ml The lymphocy

tes were incubated with this preparauon either for
90 minutes before testing or simultaneously with
1esung All expersments showed a lendency towards
4 shft m rosette Jormanon by T lymphocytes in the
direction of fewer rosettes with =3 erythrocytss

Fom e AT

1y Agua
The number of nuij cells was sigmficantly sncreased
botts for tests using PZ protein and for tests using
control preparauons
Incubation with PZ protesn of control prepara
tions did not produce sigreficant changes 1 the B-
sosette counts found using untreated lymphocyles

E;:]Iecx of PZ protesn Preparations and Control

and from tests usng the male seru
g m fraction

TABLE N Effect of P2 protein Preparation from Pregy

on Leucocy te M1 Infibition
Emght experiments were performed with P2
protem preparauions (3 5 mg PZ proten/mit 2nd 4

nancy Serum (7S} and Controf P fe
5D tn Lymphneyre Transformation Teszs ool freportion from Male Serum
Sumulavion A PPD MLC
Nor
M&;:nathst lz 9%62827 6732x1 333 87344172
b q;zm 59 19 3035x iy
x 9 32z 3 94 10

Lymphocytes were pre incubated with PZ.
3 bours Normal test. test perfarmed an i

¥mphocytes
#ven in dpm tmeans =3 SDY of triplicate :m]y;q .

“protein {PS; 1 G g PZ.
thout g

Proten/mis and ihe comrol
prepacaton (MS 1
Tior tncubation with protery Preparayons R:mxlzu) :;
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with control preparations The preparations wert
incubated with the leucocytes for 30 minutes
before/simultaneously with/or after PPD 1ncuba
hion As expected tncubation with PPD mhibited
leucocyte migration whereas 1ncubation With |74
Protemn or contro! preparations did not (Table 3}
Incubation with PZ protemn preparations annulied
PPD) induced migration mhubition for all the forms
of incubation tried and the migration tndices
obtaned were significantly (p<0 01) dilferent from
migration 1ndices obtamed using PPD alone
Incubation with control preparations did not
produce this effect (Table 3)

DISCUSSION

PZ protemn has been studied 1n the last few years
espcally by Damber et af (9)and by von Schoultz et
al (16) and Bohn (6) and Stmson (13) They have
shown that PZ protein concentration increases
duning pregnancy and reaches a maximum n the
third trimester, that the serum concentraton is
about 1000 pg/ml at partuntion (15) and that the
concentration 6 weeks after parturttion falls to a
level of {—40 pg/ml serum

The partly punfied PZ protemn preparations used
1 this study nhibited blast transformation of T
lymphocytes after sumulation with PHA PPD and
1n MLC with a clear dose response effect in the
PPD and MLC tests This inhibjtion was obtained
using PZ protein concentrations of 5 to 400 pg/m!
that 15 corresponding to or much lower than those
found s wivo during late pregnancy Inhibiuon
developed after incubation with PZ protein and the
cells did not regain responsiveness after conventio
nal washing

The weaker inhibitory effect exerted by control
preparations from male and female non pregnancy
sera was probably due to the presence of small
quantiies of PZ protein (1-40 pg/ml serum
according to Damber et at (%)) andfor other
immunosuppressive non PZ protemns (8 11) The

Fig I Dose dependent effect of PZ protein preparation
onal PHA mduced lymphocytc transformation b)PPD
induced lymphocyte transformation and ) after sumula
t10n with histosncompatible allogene cells in MLC

Abscissa Dilutions of PZ proten 1/1 corresponds 10
a final concentration m the culturss of 375 2 PZ
protein/m}

Ordinate Disinteg

control response
Khs Kz and ka2 are three different Jymphocyte

rauons per minute in per cent of

populations



Incubated with PZ proten (1 5 mg/mi)
Formation by Unreated Lymphocytes and Lymphocytes
Az Xm;fep::sms and Control Preparations with and withour Washing after Incubation

PZ protein Control
T
T Nulf
s o - P e
>3 2 I >3 2 '
wlTet 205529 610-2100 4810 33244  5Sea24 205229 6102100 4gr10 83244 ssee 24
15 91x15 st
103+ w3 10 380¢t 20 S$8=05 SO=33 e0r=03 150203 5tOx12) 3¢ .
|g.:w.':: :;::u 393 £129 48210 115229 24316 185219 4952108 23211 uu: i‘::-:;:
Mclerests  190+08 410 2110 S5=06 80229 2650286 195213 4502 73 33205 7221

) Pre ncubauian for 90 munutes before tesng
lncubation stmultaneous With testing

cmdp<Q 05 evsfg Wp<O05 1vwPns kwbps Xvsm a)p<00F dvsins

Counts refer to B and T rosettes (=3 2 1 SRBC/lymphocyte) formed/200 lymphocytes X 0 § Results are pven as
means * I SD of four separate experiments Normal test tests on untreated lymphocytes

TABLE 3 Effect of FZ prolewn and Control Preparations on Leucocyre Migraton Jnhibiion

Anugen Group 1 Antigen Group 2

PPD 087 £ 006 PPD 0912003
2z 096004 Control 1022052
PPD = PZa 108 = 0084 PPD * controls 090 £ 004
PPD * PZb 105 = 006¢ PPD = controlb 092+ 007
PZ = PPDc 101 20044 Control = PPD< 095 = 607

Results are given as migraton indices (MI) — rauo of migration areas 11 antgen-containng cultures 10 MIZraLOn

areas m cultures devoid of PPD

Group § means =1 SD of 8 experiments
Group 2 means %1 S of 4 synermans D7
2

0
a
@

marked difference n the mhibition exerted by MS
and PS preparations g i the PHA and MLC.
lests g Tadie { can doc de due 1 a o effect of
the PS preparation a8 the tWO preparations wese
Prepared w paraliel by 1dentical methods
Protein fractions contamning PZ protein

have
previously been shown to mhibet lymphocy

PHA Con A and PPN an vaee — = 2

uutlaber o HEAC roseties was unaffectsd by
of I

transformatian aflac € m ter = = o

wiepaled using salt precipitation and observed a
dose response effect sumilar to the one reported
here In the present study ata concentration of 375
ve PZ protem/ml PPD and MLC responses wece
completely depressed but the elfect on the PHA
response was less pronounced (Fig )

with PZ protein white
tendency for T Iymphocytes 1o bind fewer SRBCs
Was abserved The effect on T Iymphocytes could
1oL be remaved by conventional washing Stmson
(13) observed a reduction 1n the number of E
roseties with 3 SRRCs following mcubatiog of
lr):::cy‘:sh ;Vllh PZ protern but the effect on E
Wit W
s o e ep:x;:;{BCs HEAC resettes or nu

In the levcocyte migration inhubiion stugres



descnibed here PZ protein annulled PPD nduced
nmugration inhbition at a concentration of 250 ng/
ml Whereas such an abrogating effect was not
obtained with corresponding preparations from
male serum Stimson (13) observed a blocking of
leucocyte migration mnhibstion when PZ-proteiy
was mcorporated n the culture medum In our
study a clear blocking eflfect was demonstrated also
when PZ protein was added 30 min after PPD
stimulation and thus n the system used seemed to
be due to an influence on release or function of
leucocyte migration mhibition factors (LIF) rather
than a receptor blocking

The present investigation and Sumson s in vitrg
studies as well as the recent study of the effect of
PZ protein 1n an i vy o transplantation model (17)
suggest that this pregnancy associated protern repre
sents one of the humoral factors that can exercise an
immunosuppressive effect during pregnancy

-

oo
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FRACTIONATION OF CONNECTIVE-TISSUE-ACTIVATING
FACTORS FROM THE CULTURE MEDIUM OF SILICA-
TREATED MACROPHAGES
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The meditm of cultured SiOtreated pertl
ncorporation of labelled proline to callag
polysomes  Simultaneously the acuvity
companson with the correspording cont
Phages agamst $10; Latex partcles and £ ol

bave caused a ver
Tltration chromaty

ges 1t increased the
celfs

Ty Significant dectease in the aggregation sute of
ography that contained the Si0; hiberated factor st
Sontained the disaggregatod RNase There was no RNase activaty 1m
Protein {mol wt 14300) was 1solated with repeated ge! filtratons

M & Kulonen E Fracuonation of connective issue acuvatng factors from the culture medium
<@ treated macrophages Acta path microbiol scand Sect C 87 241-250 1979

toneal macrophages contained a factor which enhances the
gen and other protemns i granulauon tsse shees cells and
of glkaline RNase 1n the whole medim was decreased 1n
tro! Polyvinylpyndine N-oxide PVNO protected the macro-

bpopolysaccharide decreased the RNase acuvity 1 the
macrophage medium but urlike SIO; did mot cause

factor Fracuonation of the medium by gel filtration

liberation of the collagen synthesis-stumulating

showed the S0; to
f RNase The fraction from gel
timulating collagen synthests also
the control sample A homogenous
from the medum of sitica treated

of 3H proline and 3H thymudine mto cultured graruloma

Key words Collagen synthesis DNA synthests fibrosis macrophages, silica

E Kulonen I
52 Fntand

Accxpted as submutied 291 79

Inan earler report from our laboratory we have
d a Si0xliberated soluble fiby
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supertor 1o shices from the same tissue because the

factor 1 1 peritoneat (03]

The ncreaseq collagen synthesis has been shown m
shees and the cel] free polysomal system (S} from

SYuhesss tn yyrp  Thy
macrophages and the
Vanous studses

In the present work
macrophage culture because 1t 15 pot necessary 1o
break the macrophages and the procedure 15 more
ol 1o the conditions m yypp The use of
cultured fibroblasts from the granulation tissue 15

¢ sources of both the
fibroblasts differ 1 the

we have resorted 1o the

€xperiments can be longer 1n duration and the target
cells are h

The pref; y gel filtration ch iphy of
home H . .
forms of RNase (1) T

MATERIAL AND METHODS
Cultateon of. macrophages The perno,
of male rats were washed out wit
solution contaming 10 U/my bep:

meal macrophages
h sterile 0 9% NaCy
artn Tha



fand) always buffered with 20 mM Hepes (N-2-
hydroxyethylpip N"-2-eth acid, Sigma,
St Lows, Mo, US A) and supplemented with 100 U

and 50 pg /ml (Orion, Finland)
The cells were washed twice 1 this medwum and
thereafter placed 1n disposable Nunclon® N1460 or
N1470 cell culture flasks (Nunc Products, Roskilde,
Denmark) 3~4 % 106 celis/m! of medium The flasks
were incubated for 2 h at 37° C in 2n atmosphere of $%
CO2+95% arr (the standard gas phase) The nonadhe-
rent cells were rinsed out with the medrum The new
media were added to the cultures with or without 0 25
mg of silica (Dorentrup quartz DQ 12 <5 pm) per m!

(Pharmacia, Uppsala, Sweden) column (23x23 em)
eluted with Krebs-Ringer-Hepes buffer (3) Samples of 3
ml were collected and the absorbances at 280 nm
measured The samples were then pooled mto three
fracttons according to protein concentrations (I [ and
1L, Fig 2) The effects of the samples and the pooled
fracions on 3H proline 1ncorporation tnto granuloma
ussue polysames, slices and cultured granuloma oelis
were tested as described below

Fractions 111 (300 ml) were concentrated to 2 m{ nan
Amicon uttrafiltration cell No 52 with UM2 membrane
(Amicon Corp, Lexington, Mass 02173, USA}
washed with 250 m! distilled water, applied oa the
Sephadex G-25 (superfine) column (Fig 4) and eluted

In some experiments the Dl were p
with latex particles (Dow-Latex, @ 1091 pm, Serva,
Heidelberg, Germany) or lipopolysaccharide W (£ colt
05§ BS, Difco Laboratories, Detrot, Mich, USA)
instead of $i0; The media were renewed every second
day without further addition of $i02 The media from
the cultures were centrifuged at 20 000 g for 30 mun at
4° C and the pH adjusted to 7 4 The supernatants were
stored at ~20° C before use

Macrophages were also cultured in the presence of
10% foetal calf serum (FCS, No 29-101-54, 4-055M,
Flow Laboratories Ltd ) 1n order to check the require-
ment of serumm The procedure was carried out as
described above The media from cultures of dfferent
ages were centrifuged at 20 000 g for 30 nun and both
the effect of supernatants on the cell-free protein
synthesis and the RNase activity were assessed

Alkaline nibonuclease activity was determined accor-
ding to Liu et al (22)

‘Where indrcated, polyvinylpyridine-N-oxide (PVNO,

~ - T " PRI

Cultivation of granulation tissue cells The granulomas
were induced 10 2-month-old Wistar rats by the
ymplantation of 0 8 % 1 X 2-cm viscose cellulose sponges
(Kongsfoss Fabrikker A/S Oslo 2, Norway) (30} Afier
two weeks the granulomas were harvested mto cold
09% NaCl-solution, shiced and cut with scissors into
small pieces, and suspended mn the Dulbecco-Hepes (20
mM) medium contaming antibiotics as listed above
After besng washed twice by filtration through sterile

with distlled water  Absorbance at 230 nm was
measured The fractions were pooled, lyophilized and
tested for IH proline and 3H thymidine 1ncorporation in
cultured granuloma cells
Incorporation of 3H proline lnto granulanon pssue
sfices The 20 000 g supernatants from macrophage
cultures 1n the Dulbecco-Hepes medium were ncubated
with granulation tissue shices (3 mt/500 mg wet wesght)
Cold proline 2 87 mM was present (3} After 15 mun
premncubation at 37° € 1n a shaking incubator, 10 kCi
3H proline (TRA 82, The Radichemical Centre
Amersham, England) was added The 3 h incubation was
stopped by placing the flasks on crushed sce The slices
were homogenized 1 an Ultra-Turrax homogenizes
Uanke & Kunkel, Staufen1 Bressgau, Germany) washed
stx umes with 80% ethanol and finally once with dicthy)
ether
The dry homogenates were weighed and hydrolysed
m 6 N HCI for 3 hat 130° C The hydrolysates were
evaporated on a boiling water bath The total and
were d according

y P
to Juva & Frockop (18)

Incorporation of 3 proline into cultured granuloma
cells The confluent granuloma cell cultures were
trypsiized diluted | 4 with the modified Dulbecco-
Hepes medium with 10% FCS and divided among cell
culture tubes (Nunclon® N1409) 1 5 x 105 celis/2 m!
medium No exogenous proltne was added The medium
1n all tubes was changed every day The H protine
incorporation experiments were carried out with cultures
of different ages (1-5 days, Fig 1) The supernatants
from cultures were added on granuloma ¢ell

cheese cloth, the pieces were again nto
Dulbecco-Hepes medium, now containing also 005%
trypsin (Sigma, Type 11D and 0 1% collagenase (Sigma,
Type 1) The suspension was mcubated at room
temperature for | h while being strred vigorously by a
s surser The detached cells were filtered through
fed twice with the medium without
were placed into the cell culture

the Dulbecco-Hepes ma;dlum

magne!
cheese cloth and was
the enzymes The eells
facke and grown 1

trom Wt wu w
\ncorporation experiment
Fractionation of the macraphage medim The med;da
from 3-4-day-old cultures of Si0;-treated and nom(r}calloo
macrophages Were applied on 2 Sephadex
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layers with 5 uCi 3H prolme and 10% FCS and
incubated for a further 24 hat §% CO3+95% ar The
medua and the ceffs were separated and diafysed against

tap water for 3 days The total and hydroxyprolmne
were d ding to Dehm &

Prockop (12)
When the fibrogemie effects of pooled Sephadex

G-100 fractions 1. Il and JIJ were tested with confluent
cultured granuloma cells, 10% FCS, 224 mM xlugusc
and 10 pC1 3H proline were added to the Nunclon N
1409 tubes Otherwise the procedure was as aborve The
A d and 1y d fractions [H were
dissolved (n Dulbecco-Hepes medium with antibiotics
and 10% FCS and then added (o the conflvent
granufoma cell layer Incorporation with JH proline was




reasured as zbove from the cells and the medim
aratel
ep\Vheny cells were mcubated with fracton B from the
ephadex G 25 superfine column only total 3H proline
adioactvity was measured because of the small sample
[he cells were grown 1n wells of a cell culture plate
“unclon® Micro Test Plate} wuth growth area of 03
m? to the confluent state 1 Dufbecco-Hepes medium
wih the antbsatcs and 10% (oetal calf serum The
cutture media were replaced by the new media where the
fraction B was dissolved 0 2 uCa 3H proline was added
to each well and incubation was carried out overnight.
After incubation, the medum was pipetied scparately
from each well into a test tube with 2 mf S N PCA The
tubes were kept 1n the cold overraght. The precipitates
were collected on glass fibre discs (W hatman GF/A) and
washed with cold 5 N PCA The radicactvsty of the
discs was counted m 5 ml PPO Tergstol scmtillation
quid (15 g PPO 50 mg POPOP 600 ml toluens and
400 m! Tergitol®* Umon Carbide 155 9 supplied by
Turun Sapppua Oy Turku Fintand) The cells were
detached With © 25% trypsia and collected on glass fibre
Giscs and washed with 09 % NaQ) using 2n automatic
cell harvester The discs were dned al room temperature
apd therr radioacuvity counted with 5 ml of scintillauon
uquid (1 g PPO 3 3 mg POPOP wn one § tre of wluenedsn
the Packard Liguid

drolyzate (CFB 25 The Radiochermeal Centre
:ymengm England) was added to 4-10 ml of fresh
medium which was renewed every second day The cells
were detached with a rubber policeman suspended i the
Dulbesco Hepes medium and homogentzed by repeated
freezing and thawing The homogenate was centrifuged
at 20 000 g 2nd the protem precipitated and washedona
Mllipore filter disc (Type GSWP 00010 0 22 pm) with
5% TCA {sce below) The radioacuvity of the filters was
determined

Pobacnylamude gel electrophores:s was carned out
accordmg to Lehunen er al (21) Molecular weight
markers (mot wt. range 14 300-71 500 BDH Chem:
cals Poole England) were used as standards

RESULTS

After the treatment with SiQ; the macrophages
secreted 10 the culture media substances which
sturlated the imcorporation of 3H proline 1 cell
free protein synthesis in polysomes from granula
tion tissue (Table 1) The sumulxory effects vaned
with the ttme factors In the first 48 h media from
culture incubated with 5105 there were not yet

Incorporation of 34 thymdine The granvioma cells
were grown 1n the wells of the cell culture pfate to the
confluent state 25 above and then incubated With the
medum contaning the dissolved fraction Band 0 20 4Ci
of JH thymudime (TRK. 300 methyt JH thymudine §
#Ci/mmol  The Radiochemucal Centre Amersham
England) for 24 b The media were discarded and the

w ity

Cell free protemn synthesis Polysomes from rat
granulagon ussue were separated according 1o Palmiter
126) and the 30 S supernatant from wheat geTms was
obtained according to Roberts & Parerson (28) The

siandard reacuon muxture for cell Iree protesn synthesis
BAC homs Amemr t e

supernatant and 50 gl of the sample to be assessed The
Tuxture was incubated at 37° C for 90 min The charged
RNASs wcre deacylated by the addition of 1 M tns HCL
buffer pH 100 and incubated for a further 10 min The
tubes were placed 10 crushed e and 2 ml 5% (w/v)
TCA was added The precipitated protein was collected
Y filtraton through discs of glass fibre sheet and
Washed with 20 m) cold $% TCA The radivacuvity of
protein on the glass fibre discs was measured 1 PPO
Tergiol sontitation hquid

Incorporas on of 14C amino acids to macropha On
the thied day of macrophage culture ah:rpocg:mml
preveament wih $O; 25-50 pC MC protein

between control and SiO0
treated samples 2s regards the effect on protein
synthes:s The relative sumulation was maximal 1n
media from 3-4 days of culture after which 1t
levelled off

It was shown by prelimmary experiments that a
48 h period was more favourable for the pretreat
ment with 5102 than 24 b or 72 h pertods Smaller
concentration of S:0; (100 mg/l) was without
effect. The polysome preparations are variable
which accaunts for the vamations between the
expenments

SO decrensed PNaen — = " 4
auference between control and SiOrtreated mac-
Tophages The addion of © 1 per cent polyvinylpy
ndine N-oxide PVNO with Si0; cancelled the
“ninhorwry et iR, on tne Kivase actuvities.

The addition of 10% FCS to the macrophage
culture had oo effect on the liberation of the
fibrogenuc factor The sumulation by Si0ppretreat
ment with and without serum was equally about
+20% The serum itself contaned very high
RNase activity (data not presented) which did not
affect the action of $10,

‘When macrophages were treated w s €~ #

tv

w .

u .

n = susaw wile 1UCh greater fire

than from S10 - i oaas ot

treated macrophages The age of the



Hepes (N-2-
y p acid, Sigma,
5t Lows, Mo, US A ) and supplemented with 100 [U
P and 50 pg /ml (Orion, Finland)
The cells were washed twice 1n this medium and
thereafter placed in disposable Nunclon® N1460 or
N1470 cell culture flasks (Nunc Products, Roskilde,
Denmark} 3~4 X 106 cells/m! of medum The flasks
were incubated for 2 h at 37° C in an atmosphere of 5%
CO+95% air (the standard gas phase) The nonadhe-
rent cells were rinsed out with the medium The new
media were added to the cultures with or without 0 25
mg of silica (Dorentrup quartz DQ 12 <5 pm) per ml

land) always buffered with 20 mM
hvd N'-2.eth

(Pharmacia, Uppsala, Sweden) column (2 3% 23 cm)
eluted with Krebs-Ringer-Hepes buffer (3} Samples of 3
ml were collected and the absorbances at 280 nm
measured The samples were then pooled into three
fractions according to protemn concentrations (I 1f and
IIl, Fig 2) The effects of the samples and the pooled
fractions on 3H proline sncorporation into graneloma
tissue polysomes, slices apd cultured granuloma cells
were fested as described below

Fractions 11 (300 ml) were concentrated to 2 mtinan
Amicon ultrafiltration cell No 52 with UM2 membrane
{Amicon Corp, Lexington, Mass 02173, USA}
washed with 250 ml distlled water, applied on the
S dex G-25 {superfine) column (Fig 4) and eluted

In some expersments the phages were d
with latex particles {Dow-Latex, @ | 091 pm, Serva,
Hed Germany) or lipopolysaccharide W (£ coli
05§ BS, Difco Laboratories, Detrot, Mich, USA)
nstead of 810; The media were renewed every second
day without further addttton of S10; The media from
the cultures were centrifuged at 20 000 g for 30 mn at
4° C and the pH adjusted to 7 4 The supernatants were
stored at ~20° C before use

Macrophages were also cultured in the presence of
10% foetal calf serum (FCS, No 29-101-54, 4-055M,
Flow Laboratortes Ltd } in order to check the require-
ment of serum The procedure was carried out as
described above The media from cultures of different
ages were centrifuged at 20 000 g for 30 mun and both
the effect of supernatants on the cell-free protein
synthesis and the RNase activity were assessed

Alkaline ribonuclease activity was determined accor-
ding to Liu et al (22)

Where indicated, polyvinylpynidine-N-oxide (PVNO,
Bay No 3504 Substanz, lyophtlisiert, Bayer AG, Werk
Elberfeld, Wuppertal, Germany) was added with $i02 to
the macrophage culture at a final concentration of 0 1%

Cultivation of granulation tissue cells The granulomas
were mduced 1 2-month old Wistar rats by the
1mplantation of 0 8 x | X 2-cm viscose-cellulose sponges
(Kongsfoss Fabrtkker A/S, Oslo 2, Norway) (30) After
two weeks the granulomas were harvested 1nto cold
09% NaCl solution, sliced and cut with seissors ato
small pieces, and suspended n the Dulbecco-Hepes (20
mM) medium contaisng anubrotics as histed above
After being washed twice by filtration through sterile

with distilled water Absorbance at 230 nm was
measured The fractions were pooled, Iyophitized and
tested for 3H proline and 3H thymidine sncorporation in
cultured granuloma cells

Incorporation of 3K profine into granulation tissue
sihices The 20000 g supernatants from macrophage
cultures 1 the Dulbecco-Hepes medum were incubated
with granulation tissue slices (3 m1/500 mg wet weight)
Cold proline 2 87 mM was present (3) After 15 mn
preincubation at 37° C mn a shaking incubator, 10 yCt
3H prohme (TRA 82, The Radiochemtcal Centre
Amersham, England) was added The 3 hincubation was
stopped by placing the fNasks on crushed ice The slces
were homogemized 1n an Ultra-Turrax homogenize?
(Janke & Kunkel, Staufen1 Breisgau, Germany) washed
s1x times with 80% ethanol and finally once with diethyl
ether
The dry homogenates were weighed and hydrolysed
1 6 N HCl for 3 h at 130° C The hydrolysates were

evaporated on 2 bouing water bath The total and
d were d according

ydroxyp
to Juva & Prockop (18)

Incorporation of JH proline into cultured granuloma
cells The confluent granuloma cell cultures were
trypsinized, diluted 14 with the modified Dulbecco
Hepes medium with 10% FCS and divided among celt
culture tubes (Nunclon® N1409) 15 x 105 cells/2 m!
medium No exogenous proline was added The medum
1n all tubes was changed every day The 3 proline
incorporation experiments were carried out with coftures
of different ages (1-5 days, Fig 1) The supernatants

cheese cloth, the pieces were agamn pended 1nto
Dulbecco-Hepes medium, now contaming also 005%
trypsin (Sigma, Type 110) and 0 | % cotlagenase (Sigma,
Type 1) The suspension was ncubated at room
temperature for 1 h while berng stirred vigorously by 2
magnetic surrer The detached cells were filtered through
cheese cloth and washed twice with the medium without
the enzymes The cells were placed 1ato the cell culture
flasks and grown m the Dulbecco Hepes medism
containng the antibiotics plus 10% FCS to the confluent
state The media were renewed every third day The cells
from the third to the tenth passage were used for the

IDCOrpOration experimenits e et
dium The media

Fractionation of the macrophage me
[rom, 3-4.day-old cultures of $10;-treated and nontreated
macrophages were appled on a Sephadex  G-100

242

from phage cultures were added on granuloma cell
tayers with § pCi 3H prolme and 10% FCS and
incubated for a further 24 hat 5% CO2+95% air The
media and the cells were separated and dalysed agamnst

tap water for 3 days The total and hydrotyproline
were d to Dehnt

Prockop (12)
When the fibrogemic effects of pooled Sephadet

G 100 fracuons 1 1 and I1I were tested with confluent
cultured granuloma cells 10% FCS, 224 mM glu:osc
and 10 pC1 IH proline were added to the Nunclon® N
1409 wbes Otherwise the procedure was as above The
Amucon-concentrated and Iyophihized fractions T were
dissolved 1n Dulbecco Hepes medium with antibiotscs
and 10% FCS and then added to the confiuent
granuloma cell fayer Incorporation with 3H proline %as
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Fg I Effects of the med a from control 0 and S O treated E1 macrophage cultures (from 3—4 days) on the JH
P o ne ncorpora on nto granula on 1ssue fbroblasts cultured for | 5 days separately into total prote n and

hyd oxyp o ne both i thece sand n the med um The pumber of cells s shown hy the vert cal bars At the top of
the co umns s shown the percentage effect of SO Thecon rol s taken to be 100 0

¢ultures had go great effect. The add tion of 0 1%
PYNO W th S O, presumably prevented the rupture
of macrophages and the effect on the protem
Synthess was lughly sumulatory (106~366%)
This effect was much hugher than 1 the respective

control samples with either PVNQ or SOz a fact
Which remains unexplained

Granuloma cells were incubated with unfractio-
nated macrophage media (3—4 days) at different
phases of the growth 1ip culture (Fig 1} The
sumulating effect of S10rtreated macrophages on
the *H proline mcorporation increases steadily with
the growth At the confluent stage the stimulation 1s
about two-fold both 1n cells and medsa. Stimulation



TABLE | Effect of Macrophage Culture Media on the Cell Free Synthests of Proteins by Tissue Polysomes
with Reference to S10;-Pretreatment and RNase Actwvity of the Meda

Protein synthesis cell free” ¢ p m RNase 8 Azgah Iml !

Age of cells Medum ume

meolure  wihoeis  EP no Conwol' - SiOrtreated  m P Effectof $i0; %d  Conuol  SiOrireated  Effectof SO %

2days© 0-2days ! 122218 15844 6 NS mn 32 30 93
with§I0; 2 s61x22  472e36 6 005 84 | ™" 4 3 90 | T
3 1065291 1180488 6 N5 tig [ ALY 2 2 g8 | Mo
4 9955 a4xs2 3 NS 139 OO 67 3 @)™
4PVNO 4052 4 32624 3 NS %0 H 85
4 days 3-4 days 1 187£29 932z 79 6 0001 240 i3 4 ] n
without$I0; 2 753278 IS 71 6 000t 14 | MR 12 8 o |0
3 918£39 1stix211 3 oos  as4f I 1 1 9 [ pano
3 613260 7072 60 3 NS ais) (PEO0D 5 4 1
4PVNO 480237 369 149 3 005 181 24 27 08
6days 5-6 days 3 168342 72 1425%196 3 NS 84 0 0 -
without SI0; 4 1009 45 1627 99 3 00 161 0 o -
4PVNO 10182100 (1842142 3 NS e 16 24 149
8 days 7-8 days 3 1202127 1325253 3 NS no - - -
without S Oz

The figures give the means = SEM

@ Macrophages treated simlarly but without 5107

b Granulation tissue polysomes and wheat germ extract 1n the presence of media from 51O treated and control
macrophages (5)

¢ §t0; was added only for the first 48 h period

4 S10; treated/control

TABLE 2 Effect of Addition of $10; Particles on the Proten Synthesis in Cuftured Macrophages

MC Aruno acids incorporated ¢ p m

Ageof culture Exp no
Control 5107 treated %h
Media
3-4 days*
th 14C Amino acids) 3 17430 1795 10
o 5 71158 2170 31
5 PVNO 7100 33100 466
2 3 7700 1140 15
5-6days : 7700 140 s
5 PVNO 4070 8385 206
3 2010 59 3
et 5 2337 299 13
5 PVNO 974 2106 216
Homogenized cells 6
e 979 379 39
::::er::‘f 1094 259 24
i spvNo 629 259 41
vy 486 598 123
sedtment
1
nts refer to the same experyments as 1 Table 896k
£ gh(; r::‘z?ﬁe:fal:‘ﬂ;efge;:’le’xm 48 h period and the radioactive amino acids only at the beginnung of the
12 _\
pertod /‘j’\

a fmmetr]
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Fig 4 Gel electrophoresis patterns of the concentrated

11500 on the right Letters A and B refer to Fig §

compared with control macrophages (Table 3} The
smerease 1 hydroxyprolne radicactvity m the
cultore medmm as the effect of treatment with
Uipopolysaccharide can be disregarded as an expen
Tmental vanatson

o

fig 5 The repeated gel filtration of the concentrated

fraction LI (Sephadex G 100 Fig 2) from control @
and SiOrtreated O macrophage culture media with
Sephadex G 25 superfine 12 distdled Water I 4

When the macrophage culture media (3—4 days)
were chromatographed on the Sephader. G 100
column and eluted with Krebs Runger Hepes buffer,
anly oge large protemn peak (fraction 11} could be
detected at 280 om (Fig 2)

The fibrogenic effects of the pooled fractions (i1}
and 1) of SiOptreated and control macrophage
media from the Sephadex G-100 column were
festied by the mowbaton of thest fractions with
granuloma shoes and H prolme Fraction 111 had
the greatest stimulatory effect on the synthests of
collagen (Fig 3) Fractions I and 11 showed only
slight or no simulation on the protem synthesis 1n

mran b am b

(data not shown) where the sumulation by fraction
Il was about 30% The H prohne and H
thymidine mcorporations were also signficantly
1ncreased {Table 4) when the granvloma celis were

TABLE 4 Effect of the Purified Fibrogensc Factor from Macrophage Culture Meda on the 3H Proline and *H
Thynudine Incorporations nto Granuloma Cells

Source of factor*

I Prolire cpm IH Thymudine Proten Rhase
elis mediwm cpm gt E/mi/bb
Control macrophage 2600+ 169 68819 1900+ 8S 18 o
SiQrtreated macrophages 3227+165% 1134259° 2550 £ 184 1o 064
Dulbecco medsum 22272260 100725 3228+209 - -
Mean * SEMisgiven n -4 Th significant dafferences a: h I
“lp<<0 01) and *“(p<\0 0025} evaluated by the £ st compared wih srendated a3

* Cells wers incubated with fraction B from Sephadex G 25 superfine cotumn (Fig 4)

Protein and RNase originate from the same amount of macrophages control and Si0; treated macrop
» f 2 1 2 te hage culture



TABLE 3 Comparison of Effects of Culture Media Jrom 510;-, Latex- or Lipopolysaccharide-treated Macrophage on
3H Proline Incorporanon into Cultured Granuloma Cells

Culture and addstion RNase Hydroxyprolne ¢.p m Total incorporation ¢ p m
A Azgch Iml ¢ Cells Medium Cells Medium
Coutrol? 19 4260 16 060 351 300 201 720
(100%) (100%) (100%) (100%) {100%}
8102 025 mg/ml 10 5280 19 390 474570 243600
(52%) (124%) (120%) (135%) (120%)
Latex 500 pg/m! N 3800 14730 338390 207 380
(28%) 89%) 92%) ©6%) (102%)
Lipopolysacchande 50 pg/ml 8 4260 19 750 362620 163 700
(39%) (100%) (123%) (103%) (81%)
The figures are the means of duplicate expertments
2 with untreated macrophages 100%
of the synthests of total protein and of collagen is the  afrect of 50, O
/ totel prote o €om ¢10 hyd oxyprobne _cam 1!

same

The effect of 510, on macrophages was compared
with the effects of latex particles and E col
lipopolysacchande There was no increase in 3H
proline 1ncorporation nto cultured granuloma cells
when incubated with 3-4-day-old media from latex-
or lipopolysaccharde-treated macrophage cultures
The decreases 1n the RNase activities of media were

”

ik
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about 70% with latex, 60% with h
rnde and 50% with Si0;treated macrophages
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Fig 3 Effects of the pooled Scphadex G 100 gel

filtratson fractions [ 11 and 111 of the media from control
[3 and S0} treated B macrophages on the synthests of
collagen (hydroxyproline) and total protetns i the
granulation tissue shices The pércentage effects of SIO*

treatment are represented by the third columns B 10
each group The letters A C and D refer to the sameé
experiments as in Fig 6
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Fig 4 Gel electrophoresss patterns of the concentrated
frathon M iRpmh 3 w18 =

4 4uv on the night Letters A and B refer 1o Fig 5

compared with control macrophages (Table 3) The
mcrease 1n hydroxyprolne radscactivity i the
culture medium s the effect of reatment with
Ispopolysaccharide can be disregarded as an expen

sental vanaton

£y

Fig 5 The repeated gel filtration of the concentrated
fracuon T (Sephadex G 100 Fig 2) from control @
and SiOptreated O macrophage culture media with
Sephadex G 25 superfine 1 distilled water Cf Fig 4

When the macrophage culture media {3~4 days)
were chromatographed on the Sephadex G 100
coluntn and eluted with Krebs Ringer Hepes buffer
only one large protemn peak {fractton 1f) could be
detected at 280 nm (Fig 2)

The fibrogensc effects of the pooled fractions ([ I
and ITD) of SiOxtreated and control macrophage
media from the Sephadex G 100 column were
tested by the mcubation of these fractions with
granuloma shces and 3H prolige Frecuon 111 had
the greatest sumulatory effect on the synthesis of
collagen (Fig 3) Fracuons 1 and I showed only
shight or no sumulation on the protein synthesis 1in
B T S T sp

L | a
A LS " ' v
. Ta . '

1L was about 30% The JH prolmne and JH
g ficant!

were alsa
ncreased (Tabje 4) when the granuloma cells were

TABLE. 4 Effect of the Pur fied Fibrogenic Factor from Macrophage Culture Media on the IH Prolme and 3H
Thvm d ne Incorporations inje Granuloma Cells

Souree of factor® H Prolioe cpm 3H Thymudine Protem RNase
cells medum cpm pgb E/ml/hb
Control macrophage
2600+ 169 688+ 19 1900+ 85 18

30, 0
Duﬂrnled:ﬂuw\ﬂ!ﬁ 3272465 1134259 2550+ 184% 10 064

“cco mediugy 2272260  1007+25 32282209 - -

Mun + SEM

5
*p<001) and gven n 4 The sttistically sigmaficant differences as compared with the coatrols are indicated as

**(p<0 002:
* Clromaad 0 5) evaluated by she § test

S Frotem apd e ored with fraction B from Sephader G 25 superfine columa (Fig 4)

ase ory
media are treated equally

tgtnate from the same amount of macroy

phages control and SiOp-treated masrophage culture



differences when incubation was carried out wity
fraction A Only fraction B from siica treated
macrophages contamed RNase actvity The elec
trophorests pattern of the concentrated fraction n
showed that there was a difference between contro|
and SiO; treated macrophages After the Si0,
treatment there was the band of 14 300 mol wy
(Fig 5) which was lacking 1n the controls
Duifferences were observed between the elution
patterns of RNase tn the media of control and $:0,
treated macrophages (Fig 6) The RNase activity of
media of Si0; treated macrophages was eluted
noticeably later than those of control macrophage

DISCUSSION

Preparations of 810;-treated macrophages The
macrophage culture medium 13 a cleaner source of
S10; liberated factors than the extract of the

b particles of macrophages The medum

which contains the cell secretions related to
phagocytosis of S10; can be lyophilized and stored
1n frozen state Gel filtration with Sephadex G 100
removes the bulk of the proteins and fraction Il 15
a suitable starting point for further punfication
Both the gel filtration patterns and the gel
patterns of the concentrated fractson

HI from control and silica treated macrophages
with Sephadex G 25 superfine are different We
think that the proteir B which s lacking in the
control samples 1s a fibrogenc factor

The collection of rat perttoneal macrophages 1S
tedious and should be replaced by procurement of
from other sources eg the phagocy

tzing monocytes of the »bufly coat« of human
blood (17) or by transformed macrophage hike cell
lines which could be grown in vitro We know from
preliminary experiments that the human wbuffy
coate cells can replace the rat peritoneal macropha
ges (2) The fibrogenic factor of rat at least can be
tested with fibroblasts from other species ¢g
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Fig 6 Gel filtraton distnbution of alkaline RNase

activity secreted into the medium on 3rd and 4th days by
PR

mFig 2

incubated with frachon B ongihating from the
medmum of silica treated macrophages from Sepha
dex G 25 superfine column {Fig 4) There were no

248

Fibroblast systems In thus work we have applied
several systems of fibroblasts 1) granulation tssue
shces which contan the cells mn thewr natural
environment This system has mited viability and
access of extracellular matersals to the cells 1S
restricted 2) cultured granulatton tissue cells which
can be used in longer expeniments and which
respond with greater effect The effects on the
secretion of fibroblasts can be tested by this system
However only reparative fibroblasts can be used
and the cells are hable to change 3) cell {ree protein

h with assue poly The




tast method 15 fapid and ecopomucal 1 terms of
Teagents but the dispersion 1 the results tends to be
great because the polysome preparations are van
able The most seasitive assay System 1n oWt hands
has been cvlture of granulation tissue cells

Effect of 5:0; on macrophages Our prime
1aterest 1 this work has been the fi e the

Preparaive work on the varions biological
factors (see 29) from the culture medjum of normal
and S10rpretreated macrophages 1s required to
solve (he topical questioms, for example, the
relattonshup of specific RNase and collagen synthe
sis sumvlating actvities, and, above all to 1dentify

collagen synthesis-sumulating effect of the prepara
ton from SiQytreated macrophages We conside-
red 1t to be 2 model for expenimental silscosis but
also for pathological fibrosis in general

R om b PEREES
tve from control P we
suggested that the fibrogenic effect was dye durectly
2 decreased RNase activaty (6) RNase activity of
‘macrophages 15 tndeed decreased as the effect of the
Si0treatment and the state of aggregayon of the
‘Riase actvity {ef 24) 1s very markedly changed,
but collagen synthesss stmulating activity 1S not
always associated with lower RNase activity than
the controls as can be se¢n from Table 4 The
discrepancies may be solved by consideration of (i)
the various time courses and (#) the actual levels of
specafic RNase activities Thus finding leads to two
man questions What 15 the role of RNase
expermental silicosis and what 1s the true mecha
aim of the S10,liberated fibrogeme factor 1f not
the of 10 the fibroblasts by
whibiion of RNase either 1n macrophages or
fibroblasts?

Qther effects of S107 on the hberauon of
tysosomal enzymes from the hages are well

the ] factors m molecular terms

We are greatly tndebted to Professar A G Heppleston
Edimburgh for encouragemest, criicism and advice
{astituuonat grants from the Finnish Medical Research
Council and the Sigrid Juséhus Foundation are gratefully
acknowirdged
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differences when 1ncubation was carned out with
fraction A Only fraction B from silica treated
macrophages contamed RNase actity The elec
trophorests pattern of the concentrated fractton JI
showed that there was a difference between contol
and Si0; treated macrophages After the $10;
treatment there was the band of 14 300 mol wt
(Fig 5) which was lacking 1n the controls

Differences were observed between the elution
patterns of RNase in the media of control and S107
treated macrophages (Fig 6) The RNase activity of
media of $10; treated macrophages was eluted
no;ceably later than those of control macrophage
media

DISCUSSION

Preparations of Si10; treated macrophages  Tht
macrophage culture medium 1s 2 cleaner source of
S10; liberated factors than the extract of the

E
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Fig 6 Gel filtration distribution of alkahne RNase
actvity secreted 1t the medm on 3rd and 4th days by
controt { W open areas) and stlica treated (L1 shaded
areas) macrophages Sephadex G 100 column etuted with
Krebs Runger Hepes puffer pH 7 4 Letters A Frefer to
the different expesiments and I 111 to the fractions shown

inFig 2

sncubated with fracttion B ongmating from the
medmm of silicd treated macrophages from Sepha
dex G 25 superfine column (Fig 4) There were no

particles of P The medum
which contains the cell secretions related 10
phagocytosis of $10; can be Iyophilized and stored
1n frozen state Gel filtration with Sephadex G 100
removes the bulk of the proteins and fraction 11115
a suitable starting point for further punfication
Both the gel filtration patterns and the gel
electrophoresis patterns of the concentrated fracuon
III from control and silica treated macrophages
with Sephadex G 25 superfine are different We
thmk that the protem B which 15 lacking 1 the
control samples s a fibrogenic factor

The collection of rat pertoneal macrophages 1
tedious and should be replaced by procurement 0
macrophages from other sources ¢ g the phagocy
tzing monocytes of the »buffy coate of human
blood (17) or by transformed macrophage luke cett
lines which could be grown in vitro We know from
prelimmary expeniments that the human »buffy
coate cells can replace the rat peritoneal macropha
ges (2) The fibrogenze factor of rat at least canbe
tested with fibroblasts from other species eg
chucks (15}

Fibroblast systems 1n this work we have apphied
several systems of fibroblasts 1) granulation tissue
slhices which contamn the cells their natural
environment This system has Iimited viability and
access of extracellular matertals to the cells 1S
restricted 2) cultured granulation tissue cells which
can be used 1 longes experiments and which
respond with greater effect The effects on the
secretion of fibroblasts can be tested by this system
However only reparative fibroblasts can be used
and the cells are liable to change 3)cell free protein
synthesss with granulation tissue polysomes The
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w

v e o ellv g Alle Wi LAA SIX Salivas Were tested agamst peptidoglycan but these tests indicated
only low levels of agtbodies Absorption of salva with whole cells af § murans whibited the
Bomologous reaction by up 0 87% and the reacuon With LTA by up to 52% Also prior treatment of
salna Wit LTA cavsed a Geerease in (e sabvary 124 722%00% with LTA and winh wihole oelis of S
mutans  Addimon of peptidoglycan 1o saliva did not markedly affect the sahvary IgA reacyon with 5
musans The data shaw that LTA may be responsible for part of the salivary IgA reaction with whole

<lls of S mutans The sgauficance of LTA 16 this reacuon may vary between different subjects and
for different serotypes of § mutans

Key words Parotid saliva antibodies
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The recorniuon that Steoméarars
wd
wt
og
of

o - WUy MIRTe has been
comsiderable itecest n aq wmmunological appsoach
s .

) -
- sedsd dental cavies exgenence (2 ®) Teese
*sults have generally failed to provide substantial
¥ence for a defimuve correlanon berween the

tevel of 2ntibody present and the amount of denta)
<aries afthough the flow rate of paroud sativa may
be mportant (8) Interest n salivary antibodies
Pparircularly IgA desives from their possible protec
tve effects which most likely would depend on
'ihw ability to prevent bacterial celj adherence (10

3]

There have also been mumerovs ammal expen
ments based on the smmunological prevention of
deptal ranes {3} and two recent studies have Clear)y
demonstratad & correfation between decreased deq
‘2 tanes and increased sahvary 1A on moculation
of she experimensat ammals with whola cells of §
mutans {16} of immunogenic components (21)
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KPSK2

SALVA
Fig 1 ELISA values of saliva from six subjects tested agamnst ipoteichoic acid (!

() and B 13 (d)

5 6

(LTA)and § murans strains KPSK2

Juded but
SD 15 indicated 1n the diagram (only half extension shown) Controls total procedure with saliva 1nc]
without any coating of the tubes 0 08 = 0 03, tubes without saliva but coated with LTA 004 = 002 with KPSK2

006 £ 000 and with BI3 005 = 000

of lipetzichow acd, and then unconjugated ant IgA
was added to one set of four tubes, the remaimng
fubes sefved as controls The subsequent addition of
enzymeconjugated anti 1gA 1o all tubes showed that
the prior treatment with anti-IgA caused a 50%
decrease 1n the amount of reaction

Cross absorption of annbodes reacting with S
mutans and lpoteichorc acid The abiliy of celi
suspenssons of § smutans KPSK2 to remove
salivary antibodies reacting wsth homologous cells
and Ipoteichoic acid was examuned To 5 mil
undiiuted heated and centrifuged salva was added,

Wachod and analr

respectively when the bactena were suspended 1n 25
A phosphate bullered sahne After shaking at room
temperature for 60 mun the saliva samples were
cennfuged diduted % and thetr reactivity cornpa
Ted with that for unabsorbed sahva. The homolo-
gous reaction with KPSK2 cells was iohibited 86 %
and 87% by celis of OD = 2and QD = §
Tespectvely, the respective values for the inhibtion
n_le;e reaction with lipoteichoic acid were 45% and
i

Conversely two saliva samples were exarmned
for the 1atubition by Iipoteichoic acid of the reaction
with stran KPSK2 and Lpoteichore actd Saliva

samples (3 m}) were shaken for 90 mun at room
temperature with 0 3 m! bpoteichoic acd with 2
concentration of 1, 10 or 100 pg/mior with 0 3 mi
phosphate buffered saline {controf) The results (Fig
2) showed tbat prior (reatment of saliva with
tipoterchoie acyd, particutarly at 100 pg/mi, caused
the expected decrease 1n the subsequent ELISA
reaction with lipoteichoic acid There was also a
Iesser though sigmficant decrease 1n the reacuon of
the absorbed saliva with cells of KPSK2

Detection of antbodies reacting with peptidogly-
can The saliva of six subjects were studied for
antibodies reacting with peptidoglycan, lipotexchoic
acid and § mutans cells The results showed again
that reachions were obtaned with bpotewchowe acid
and bactena but the ELISA values with peptidogly-
can were low For four of the subjects the ELISA
values were only twice as high, or less than the
coptrol readings (without any coating of the ELISA
tubes) and in the other two subjects the results were
about three times these values

G b 1

ata
final concentration m saliva of 10 or 100 pg/ml

were performed as described above Absorption of
saliva with stram KPSK2 did not decrease the
Teaction With peptidoglycan asy further, nor &id
addion of pepudoglycan to salva
affect the salva reaction with

significantly
of s1x samples tested

strain KPSK2 1 any



In such amimal expeniments the source of the
tmmunogenic stimulus 1s known However, with
respect to the studies on the antibody levels 1
human sera and saliva there 1s the difficulty, which
15 frequently overlooked of knowing whether the
antibodies reacting with a particular orgamism are
spectfic or cross reactive and produced against
another orgamusm Earlier studies (15) showed that
many of the observations on human serum
antibodies could have been influenced by the
presence of cross reactive antibodies to the Iipoter
choic acid component  Lipoteichoic acid occurs as a
surface aniigen 1n many gram positive bacteria

18-30 were used as saliva donors The citrc acd
stmulation was adjusted to result i about § ml of
parotid saliva n 20 munutes After collecton the salivas
‘were immediately frozen and stored at =20° C unti the
analysis

Enzyme linked immunosorbent assay The enzyme-
hinked (mmunosorbent assay (ELISA} of Enpall &
Perlmann (9) including some modifications of this
techmique proposed by Bratrhall et al (4) was adapted 10
measure the salivary IgA antibodies Polyethylene tubes
(Il x 55 mm Heger Plascs AB Stockholm Sweden)
were coated with lipoteichoic acid peptrdoglycan or
bacterna d or d buflered
©H 71 001 M) saline with 002% NaN; The
05 ml 1n each tube were placed m 2

where 1ts »backb of pol ol
accounts for reports of a common antigen 1n these
orgamsms (12, 24)

This study was atmed at determimng whether
such antibodies to hpoteichoic acid could also be
detected 1n parotid saliva and could therefore
account for part of the reactivety of saliva with
whole cells of S mutans In addition saliva has been
exammned for the presence of antibodies reacting
with peptidoglycan because of its occurrence as
major cell wall component of all bactena and
because 1t contains common antigenic determinants
1n both the carbohydrate and peptide mozeties (18)

MATERIAL AND METHODS

Bacterial strains S mutans strains KPSK2 (serotype ¢)
and B13 (se Lo e
nght at 37°
to contam 2 ,,
Before use the cells were washed once in phosphate
buffered {(pH 71 0 01 M) saline

Lipoteichore acid  Lipotechoic acid was extracted
from cells of Lactobacillus casei NCTC 6375 with hot
water and purnfied as previously described for the

t from Lactobacillus fe 22) The

npoterchore acid from this orgamism has a polyglycerol

phosphate component devoid of sugar substituents and
2 a4 - ha

eptidoglycan The wall fracton o1 L tuse unw
HB’S’lﬂwaf fsolzwd following mechamcal disruption of
cells and the polysaccharde separated from the peplti
doglycan by dilute acid hydrolysis {11} Analyses of the
purified peptidoglycan used in these studies have been
reported previously (11) The peptidoglycan 2 mg/ml
was somcated for 20 mnutes at 20 kHz centnifuged at
18000 x g for 60 nunut:s and the supernatant

1n the serotogical studies

€mgl;¥:‘d‘mn of sava For methodological studies
parotid safiva from one male and two females was
obtammed 1n 1cechilled tubes using Curby cups The
secretions were shghtly stumulated with citnc aad In
further studies two groups with siX females 1n each age

shaking water bath of 37° C for 3 h and then overnight
at 4° C Al tests were performed with tubes
quadruplicate The opumal coating concentration accor
ding to Bratthall et al (4) were used for the bactena For
hpoteichoic acid and peptidoglycan the optimal concen
tration was shown to be I pg/mf and {00 pg/mi
respectively After rinsing the tubes 0 5 ml saliva was
added to each tube The saliva samples had been thawed
heated at 56° C for 30 mun centrifuged at 18 000 X g
for 20 mn and diluted twofold in phosphate buffered
saline contaiung 0 05% Tween 20 After 5 h at room

05 ml anti (anti IgA o

Tween 20 was added After overnight incubation the
amount of comjugate bound was determined by the
addition of p mtrophenylphosphate (Sigma) which is 2
substrate for the alkaline phosphatase Appropriate
washings between the different steps were included
according to the original procedure The absorbance was
read with a Beckman DB GT spectrophotometer and the
results expressed as
absorbance X &

where >t < 1s the number of minutes when the reaction
was stopped by the addition of NaOH Controls included
the total procedure without any coating of the tubes of
addition of buffer 1nstead of saliva to coated tubes

RESULTS

Comparison of reactions of salnary antbodies with
lipoteichoic acid and S mutans Parotid salivas from
six females were examuned for therr reactvity in
tubes coated with a) 1 pg/mi of ipotetchoic acd b)
cells of § mutans KPSK2 and c) cells of S mutans
B13 The results 1n Fig | show the mean value and
the Standard Deviation and indicate that saliva may
contain quite a sigruficant level of antibody reactt
wvity with hipoteschorc acd
To confirm that serofogical reactivity was due to
immunoglobulin A, twofold diuted saliva was
added to exght tubes previously coated with | pg/ml



added significance as the studies by Rofla et al hlzve
led to the proposal (17) that the

Hatt E A & Knox K W Properues of the
d of the

groupings of teichoic acids play an important rolen
adherence
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Fig 2 Effect of additian of different concentrations of Tipotexchoic acid (LTA) to saliva prior to ELISA tests with §

mutans strain KPSK2 and with LTA

DISCUSSION

The application of the ELISA techmque for the
detection of salivary IgA antibodses reacting with S
mutans strains has confirmed previous observations
where such antibodies were detected by the
agglutination reaction {1, 3, 14, 19) The ELISA
method does have the advantage, however, of
greater sensitvity and also greater accuracy so that
1t enables a better companison of the levels of
antibody between individuals It should however be
pomnted out that longitudinal studies have shown
individual varnation 1n the salivary concentration of
antibodres reacting with oral streptococct {3}
Vanability for an individual can afso be shown if
the flow rate and the volume of collected saliva are
not kept constant {4, 20) For this reason
approximately 6 m! of saltva was collected under a
standardized period of time, 20 mnutes

A comparison of the resuits obtamned for six
ndviduals shows that in each case the ELISA-
value for stramn KPSK2 of serotype ¢ was greater

L 1tacuun ur

reacting with lipoteichoie duu
antibodies to lipoterchoic acid with stram KPSK2
was mdicated by the lower values when two saliva
samples were first absorbed with Iipoterchoic acid
Although the reduction for absorbed saliva 15 not
great, its sigmficance 1s increased by the observation
that the addition of lipoterchoc acid to saliva only

partially decreased the subsequent reaction of the
absorbed saliva with Iipoteichose acid

Another potential cross-reacting antigen 1s pepti-
doglycan (18) The salva samples reacted only
poorly with peptidoglycan from L caser however,
and cross-absorption studies indicated that such
antibodies, 1f present, do not contribute to the
reactvity of saliva with strain KPSK2

Serotype ¢ strais are frequently the most
prevalent amongst § mutans strains 1n plaque
where they can be detected with specific antibodies
(5) Cross reactions between S rmutans strans of
different serotypes do occur (), however, and 1t has
been shown that rabbit antiserum to S mutans
stramns, mcluding KPSK2 and BI3 contain cross
reactive anttbodies to the lipoteichoic component
(13) These antibodies are specific for the glycerol
phosphate chain (23, 24), and the results therefore
suggest that part of the reaction of § mufans strams
with salivary IgA 1s due to the presence of such
antibodies

Although the presence of cross reacting antibo-
dies means that the orgamsm inducing the antibody
response can not be defined, such antsbodies could
nevertheless have a potentially beneficial role On
the assumption that secretory IgA antibodies can
prevent an orgamism’s adherence to oral tissues
includimg tooth enamel (10), such cross-reacting
antibodies would have the potental to prevent
adherence of a variety of bactena The detection of
antbodies reacting with Lipoteichoic acd may have
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to be due (o an mteraction between the extract and
the Fe part of 1gG (2)

We now describe that the Fc receptor of type 15
group A streptococct can be separated {from M
protemn peptidoglycan and group specific carbohy
drate by subjecting alkaline extracts of the bacteria
to agarose gel electrophoresis

MATERIALS AND METHODS

Streptoroccal Stroins

The following reference strains of group A strepto
cocct were used M1 (8198) M8 (8324) M5
(100070} and the Griffith stram T 44 (Henson glossy)

Streptococcal Extracts

Graup A streptococct type 15 were cultured in 20
litres of Todd Hewitt broth and harvested as described
previously (10) The bacteria were washed m 0 [§ M
NaCl suspended m 100 m! 0 15 M NaCl and the pH
was rased to {00 by adding 2M NaOH The
suspenston was heated in a boiling water bath for 10 min
and then immediately cooled on ice The pH was adjusted
to 7 0 with 2 M HC! the suspension centrifuged at 3000
g for 15 mun and the supernatant used as alkaline
extract

Alkaline extracts of group A streptococer types | 8
and T 44 were prepared from overmight cultures 1n 300
ml Todd Hewitt broth The amounts of 0 IS M NaCl
NaOH and HCI used were reduced 1n proportion to the
lesser volume of broth used

.

2 e ax

wen mean o tha alkal ae aytract af tune 1§

nmunutes at 37° C the trypsimization was stopped by
addition of soy bean trypsin inhibitor (Sigma type 1-5)
to 2 mg/ml

Peptidoglycan was prepared from M1 group A
streptococc: with hot formamude as described previously

()]

Human Sera IgG IgG Fragments and M Components
Sera were collected from 23 apparently healthy
indrviduals among the laboratory staff heated _a_u 56°C

described earlier 12y LUl Iv v e ko ) o
(batch no 58803} was purchased from AB hab

(Sweden) and used unless otherwise mdicated at a
concentration of 40 mg/ml phosphate buffered saline
(0 12 M NaCl 005 M phosphate pH?72)

The purified human myeloma proteins were identical
with those used p ty () S1eGI M 2
1gG2 4 1gG3 3 1gG4 1 IsD and 3 JgM Furthermore
one IgA M-component was punified as described earlier

[}

EY %Y

Electrophorenc Techmques

In the standard procedure for demonstration of
precipitation hines between streptococeal extract and
human serum the streptococcal extract components were
first separated by electrophoresis and the separated
extract then tested agamnst the serum by diffuston
Twenty m! 0 6% agarose (Miles Ltd  England) i 6 075
M barbital buffer pH 8 6 contamng 2 mM caloum
lactate was poured over a 205 X 110 mm glass plate and
arcular wells taking 8 pl extract cut 75 mm from the
projected anode After applicatton of the extract a
voltage of 200 V was applied for 45 mmn unless
otherwise stated A 2 mm broad channel 90 mm long
was cut 3 mm from the application well 1n the direcuon
of the current Two hundred pl serum was apphied and
the diffuston was allowed to proceed for 2 days at room
temperature

Preparatory electrophoress was performed 1na 4 mm
layer of 1% agarose m the barbutal lactate buffer The
extract was applied i 2 6 mm broad channe! 190 mm
long cut in the agarose gel 75 mm from the projected
anode A voltage of 150 V was applhed for 2 hours after
which the gel was cut into 5 mm wide slices After
freezing the preces overmght at —80° C followed by
thawing and centrifugation at 3000 g protewn contaiung
supernatants were harvested The fractions were concen
trated four umes on a concentration cell (B1S Amicon
corp Mass USA)

Electromigration experiments were performed
barbital lactate buffer by 6 V/cm for 16 h with 2n
agarose concentraton of 1% (w/v) and 15 mg
commercial polyclonal human IgG/ml gel

The precipitates were stained with Coomassie Brllt
ant Blue

Rabbit Antt Streptococeal Sera

Rabbits were immumnuzed intravenousty with a su
spenston of washed and heat killed streptococct as
described (8) Four ammals were mmmumzed with pe
15 group A streptococer and two each with types | 8
and T 44 streptococct Anti group A € and G rabbit
sera were purchased from Difoo (Mich USA)

Agglutinat on Tests with Ri-coated human red cells were
performed as described previously (10)

RESULTS

Precipitation Patterns Observed in Diffusron Expert
ments Im ol ing Electrophorenicall Separated Alka
hne Extract of Type 15 Group A Streptococet and
Human Sera

After electrophoresis of the extract three main
precipitation  archs were obtamed 1n diffusion
against commercial human polyclonal IgG (Fig 1)
an anodal Line (»1«) a double arch hne extended
along the well in which the extract was applied 63 )
and an elongated line suuated near the serum well
extending from the cathodal side of the extract
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extract Line 2 could be mnhibited by additon of
pepudoglycan to the commercial human IgG or
serum SM

Line | was obtamed with the fractions precipsta-
ted at 20-30% ammonium sulphate saturation of
the extract, while lime 3 was obtamed with the
fractions prepared by 40% saturation

Serum SM and commercial human 1gG were
absorbed with Cowan I staphylococct as described
(1) After absorption an essentrally unaltered Line 3
was observed, while line 1 had disappeared

The el fractions of the extract grving
Imes I and 3 were cut out of the agarose gel after
electrophoresis  Addition of the »bine | -fractions«

Fig 1 Precipitation Yines obtamed 1n diffusion expert
ments {nvolving electrophorencally separated alkaline
exteact of type 15 group A streptococes and buman
commercial polyclonal IgG or rabbit 2ot type 15 serum
Upper trough rabbie anty type 15 serum Lower trough
commercial polycional IgG muddle trough saline The
found apphcation wells for the alkalise extract are
Shows to the feft ) Line | 2 iwe 2 3 tme 3 and 4
lune 4 (see tex)) +unducates the anode

:p{h)uuon well to the cathodat star pomnt of ne |
&8

Nineteen of 23 sera (33 %) from apparently
Lealthy indiyadags gave Ime 3 while 6 of them
(26%) gave hne | 1yge 2 was obtamed with 2 sera
nly %) Yanes | and 2 were not obtamed with
0y of the sera without the presence of hne 3 Four
of the serp (17%) did not gIve any hine

Fifieen 1 of one of the sera giving both line | and
lme 3 fserypy SM) was added 10 5 #l of the alkaline

type 15 and the muxture then subjected to
“Trophoresis After diffusion agamns § sera giving
both ine | and Iyne 3 With unabsorbed evtract, no

Preapitaton Lines cory
o esponding to | and 3 were

Separation of the Stre;
plococca Components Respon
xxbllelar the Three FPrecipiates with Human Sera
0 n the following eXpertments the results. obtained
W él‘ ul‘l; E;rs *ith commercial human polyclona)
4 human serem
: lls:rum o 21ving both line | apd ling
DS ] apd 3 disappeared, white lne 2 w,
, as
unaltered after Uypsintzation of the type 15 alkaline

oSV orto human IgG mnhibited only
the formation of lme 1, but not lme 3, while the
»lme 3 fracuons« only suppressed lne 3

Localization of the M-Protein and Group A Carbohy-
drate after Electrophoresis of the Alkalne Extract of
Type IS Streptococci

All four anti type 15 rabby sera gave a lne
against the separated extract situated between the
positions of line 1 and 3 observed with human sera
{me 4 Fig 1) Line 4 was not obtamed between the
ant type 15 sera and the extracts of types 1, 8, and
T 44 group A streptococer Rabbut antisera o types
1,8 and T 44 did not give line 4 with the alkalioe
extract of type 15 Line 4 disappeared after
trypsinization of the extract

Ant group A carbohydrate Serum gave a precipt
tate aganst a non mugranng component n the
electrophoretycally separated extracts of types 1, 8,
15, and T 44 Ths preciprtate was not obtained
with anti-C or anti G rabbit sera, The precipiates

were obtaired also afier trypsinzation of the
extracts

Localization of the Streptococeal [5G Fe-Receptor
afier Electrophoresis of the Alkahne Extract of Type
15 Group 4 Streptococer

After electrophoresss of the eXtract, preces of gel
were cut out and investigated for content of
aggluunating activity agamst Ricoated human red
cells Only the fractions surrounding the application
well, corfesponding 10 line 3 agglutinated the cells
(tutres 12001 3200)

The alkaline extract was muxed with equal
volumtes of Fc fragments or Fab-fragments of
pocled human IpG at concentrations of 0 6~2 5
mg/mt The muxture was subjected to electrophore

Fc fragments to the €Xtract, hine 3 moved

agamnst
theanode whereas Fab-fragments gid 1ot cause any
change m Ime 3 (Fig 2)
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Fig 2 The effect of addimon of Fe fragments of
polyclonal IgG to alkaline extract of type 15 group A
streptococct 0n the precipitation lines obtamned between
the electrophoretically separated extract and serum SM 1n
diffusion expertments Trough serum SM upper well
application well for equal volumes of Fc fragments and
alkaline extract lower well application well for alkaline
extract difuted 1 2 + ndicates the anode

The atkaline extract mixed with Fe fragments as
described above was subjected to electrophoresis
and tested by diffusion experiments against rabbit
ant1 group A carbohydrate serum The precipitate
obtatned did not change its character or position as
compared with the results obtamed with the extract

alone

Characterization of Line 1

The streptococcal components responsible for
line | were 1solated by preparatory electrophoresis
as described 1n »Methods« The preparation was
then tested in electromugration experiments by
applying it 1 a hofe m an agarose gel n barbitaf
lactate buffer containing commercial human polyc
Jonal IgG whch resulted 1n a s rocket « precipitate

(F1g 3) Mixing the preparation with equal volumes
of Fc fragments 0 6—2 5 mg/ml had no effect on
the precipitate Mixing the preparation with the
same amount of Fab fragments of pooled human
IgG  however resulted 1n depression of the
precipitate (Fig 3)

The preparation from the preparatory electropho
res1S was also tested in the same system after moung
with 19 different punified human M-components at
8 concentration of 2 mg/ml No alteration of the
precip: b d with { human [3G

was found

DISCUSSION

After electrophoresis of the alkaline extract of type
15 group A streptococct 1t was possible to obtain
strong precipitates in immunodiffusion experiments
with sera from apparently healthy individuats One
of the precipitation lines obtained lne 3 was
ascribed to a streptococcal Fe receptor for human
3G since the line could be displaced by addition of
Fc fragments but not Fab fragments of pooled
human IgG Fc fragments migrate towards the
anode 1n electrophoresis performed under the
conditions described here (3) Furthermore prepa
rative electrophoresis of the alkaline extract showed
that the fractions giving line 3 were capable of
agglutinating IgG-coated human red cells at high
titres Line 3 was obtained with 19 of 23 human
sera 83% a proportion close to the 82% Swedes
found to precipitate hot hydrochloric acid extract of
type 15 1n gel diffuston experiments (10)

Line 4 obtammed m diffusion experiments invol
ving electrophoretically separated alkaline type 15
extract and rabbit ant: sera to type 15 group A
streptococc was judged to contain streptocaccal M
protein It was only obtamned with antisera to type
15 and not with antisera against 3 other types The
antisera to type 15 did not give such a fine with
extracts of other streptococct Furthermore the

for the p 1n the
alkaline extract was hke M protemn trypsin sensi
tive Since the components responsible for lines 3
and 4 had differtng electrophoreuc mobility 1t 15
clear that the streptococeal Fe receptor for human
IgG 1 type 15 group A streptococct 15 separable

from the precipitating type specific M protein
Th 1 IgG Fe receptor could also be

Fig 3 Electromigration of fracuons from y
electrophoresis corresponding to hne 1 Agarose gel

5 mg | buman 1sG/
) was used Left well fraction corresponding to line §
diluted § 2 Right well fraction corresponding lo ine 1
mixed with an equal volume of Fab fragments (2 5 mg/
mi) from human polyclonal IgG Middie well sameasin
the right well but Fab fragments 1 2 mg/ml were used

e
separated from the group A carbohydrate since the
receptor was trypsin senstuve and could be displa
ced by electrophoresis after addiyion of human 1gG
Fc fragments 1n contrast to group A carbofiydrate
Also the Fc receptor was separable from peptido-
glycan smnce line 3 was not suppressed by additton



of peptidoglycan to the commercial human 186G m
contrast 10 hme 2

Sux of the 18 sera giving hne 3 gave also another
e Yme | 2gamst electrophoretcally separated
alkalime extract of type 15 group A streptococc:
Lue { was different from line 3 swnce Line 1 was
suppressad in contrast 1o hme 3 onabsorption of SM
serum or commercial human IgG with Cowan [
staphylocooet protem A of § aureus reacts with 3
of 4 human 1gG subclasses (5 with 1 of 2 IgA
subclasses (7) and with about 30% of human IgM
Wi the
giving lme 1 was altered by addion of Fab-
fragments but not Fc fragments of polyclonal
human 1gG 1n contrast to the component gIving
Ime 3 Ttseems possible that line 1 15 produced by an
antgen anubody precipitation suce myeloma pro~
te1ns did not 1nfluence the component producing the
Lme The relation of the component gaving line 1 to
other streptococcal antigens — other than M protein

d and the i -

15 sull unknown Type 15 infections 1n humans are
seldom met (12} 1n contrast to type | group A
streptococeal infections for wpstance This makes
the {requent occurrence of line 1 as compared with
the absence of such precipitates with the other types
dufficult to understand at present The high protemn
concentration found m the type 15 extract as
compared to the other extracts wmvestigated might
ndicate that the type 15 extract could be nstronger«
than the other preparations However the M1 M8
20d T44 exsracts concentrated §0 umes did not give

Ine § (unpublished observation)

The precise mechamsm by which human 1gG 15
by F ptors present m

type 15 alkaline extract 1s also unknown Prelms
ary studies have shown that the Fe receptor also
Prectpitates 2 number of purified human myeloma
proteins The finding that koe 3 was dsplaced

Tather than suppressed after mmung with Fe
{ragments might ndicate that a larger part than the
Fopart of an IgG molecule 1s 1mvolved 1n the
Precipuation phesomenon Furthermore the double
arch shape of lie 3 regularly found mught mdicate
that two or more F receptors ace present i the
alkalne extract of type 15 group A streptococct
Punificauon expenments mvolving the Fe recep
tor(8) 1 type 15 alkalme extract are 1n progress and

eught elucidate the mechamism of precipitation

:hu w:rkc was supported by the Swedish Medical
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Fig 2 The effect of addition of Fc fragments of
polyclonal IgG to alkaline extract of type {5 group A
streptococer on the precipitation fines obtatned between
the electrophoretically separated extract and serum SM 1
diffusion experiments Trough Serum SM upper well
application well for equal volumes of Fe-fragments and
alkaline extract lower well application well for alkaline
extract diluted 12+ indicates the anode

The alkaline extract mixed with Fc fragments as
described above was subjected to electrophoresis
and tested by diffusion experiments aganst rabbit
anti-group A carbohydrate serum The precipitate
obtained did not change 1ts character or position as
compared with the results obtained with the extract
alone

Characterization of Line |

The strep ponsible for
Iine |1 were 1solated by preparatory electrophoresis
as described it »Methods« The preparation was
then tested m electromgration experiments by
applying 1t 1n a hole in an agarose gel in barbital-
lactate buffer contauning commercial human polyc
fonal IgG, which resulted 1n a »rocket« precipitate

Fig 3 Electromsgranon of fractions from preparatory
electrophorests corresponding to lhine | Agarose gel

5 mg 1 human p: 1 1gG/
mi was used Left well fraction corresponding to line 1
diluted 1 2 Right well fraction corresponding 10 ine 1
mued with an equa volume of Fab fragments (2 5 mg/
ml) from human poiyclonal [gG Mrddle well same as 12
the night well, but Fab fragments 1 2 mg/ml were used
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(Fig 3) Mixing the preparation with equal volumes
of Fe-fragments, 0 6 ~ 2 5 mg/m, had no effect on
the precip Mmmg the pr with the
same amount of Fab-fragments of pooled human
IgG, however, resulted in depression of the
precipitate (Fig 3)

The preparation from the preparatory electropho-
rests was also tested in the same system after mixng
with 19 different purified human M-components at
a concentration of 2 mg/m! No alteration of the

d with human IgG

precip!
was found

DISCUSSION

After electrophoresis of the alkaline extract of type
15 group A streptococes 1t was possible to obtan
strong precipitates in immunodiffusion expenments
with sera from apparently healthy individuals One
of the preciptation lines obtawned, lme 3, Was
ascribed to a streptococcal Fe-receptor for human
IgG, since the line could be displaced by addition of
Fc fragments, but not Fab-fragments of pooled
human IgG Fe-fragments migrate towards the
anode 1n electrophoresis performed under the
conditions described here (3) Furthermore, prepa-
rative electrophores:s of the alkaline extract showed
that the fractions giving lne 3 were capable of
agglutinating IgG-coated human red cells at high
titres Line 3 was obtaed with 19 of 23 human
sera, 83%, a proportion close to the 82% Swedes
found to precipitate hot hydrochloric acid extract of
type 15 1n gel diffusion experiments (10)

Line 4, obtained 1n diffusion expeniments mnvol-
ving electrophorelically separated alkaline type 18
extract and rabbit ant-sera to type 15 group A
streptococct was judged to contatn streptococcal M-
protein It was only obtamned with antsera o type
15, and not with antisera against 3 other types The
antisera to type 15 did not give such a line with
extracts of other streptococc: Furthermore the

r ble for the p m the
alkaline extract was like M-protein trypsin senst
tive Stmee the components responsible for lines 3
and 4 had differmg electrophoretic mobuity 1t &
clear that the streptococcal Fe-receptor for human
JgG 1n type 15 group A streptococtt 1S separable
from the precipitating type specific M-protewn

The streptococcal 18G Fe receptor could also be
separated from the group A carbohydrate, since the
receptor was trypsin sénsitive and could be dspla-
ced by electrophoresis after addition of human %G
Fe-fragments 1n contrast to group A carbohydrate
Also, the Fo-receptor was separable from peptido-
glycan, stnce bine 3 was not suppressed by addition

-
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ELECTRON MICROSCOPY OF TREPONEMES
SUBJECTED TO THE TREPONEMA PALLIDUM
IMMOBILIZATION (TPI) TEST

It Immunoelectron Microsecopy
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The expenments were carried out In order 10 1nvesugate whether human 12G globulin 15 adsorbed on
to the surface of T pallidim cells dunng mncubation with human syphilis serum n the Treponema
poiflidum ymmobihizavon (TPI) test Cells of 7 paffhidum Nichiols subjected 10 the TP test were Tunther
ncubated % ith ferriun conjugated rabt anubuman 12G globulin Human 12G globulin could only be
demonstrated on immunormmobitized cetls 1€ cells incubated wih human syphdis serum and
unheated guinea pig serum (GPS) The surface of the swollen cells was completely covered by a fuzzy
layer on 1o which the ferrsun molecules appeared 1o be attached In ultrathin sectons of celis obtained
Trom the same suspensions the surface of the cuter cell membrane was outlined by ferriun molecules
Tn these cells a rather wide gap was observed between the outer membrane and the cytoplasmic
membrane The ribosemes seemed to have disappeared from the cytoplasm of the immunotmmobslzed
treponemes but were present 1n moule cells obtamed from control incubations
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The experiments were carried Qut 1 Order 10 tnvestigate whether human I¢G globulin 15 adsorbed on
19 the Surface of T palf dum cells during incubanon with human syphilis serum in the Treponema
pail dum \mmobilizauon (TP test Cells of T paliidum Nichols subjected 1o the TPI test were further
werkated with ferritin conjugated rabbit anthuman 1gG globulin Human 1gG globuln could only be
demosstcated on tmmunoimmobilized cells re eells mcubated with buman syphibs serum and
tnheated guinea pig serum (GPS) The surface of the swollen cells was completely covered by a fuzzy
lager on to which the ferntin molecules appeared to be atached In ultratin sectsons of cells obtamed
from the same suspensions the surface of the outer cell membrane was outlined by ferntin molecules
In these cells a rather wide gap was observed between the outer membrane and the cytoplasmic
membrane The nibosomes seemed to have disappearcd from the cytoplasm of the immunoimmobitized
Ireponemes but were present In motile cells obtained from control mcubations
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1001 first paper of thus senies (3) we described 2

incubated with heated GPS and human syphilis
S*elling of the cells of Treponema pallidum after

serum (5)
In order to study these problems at the ultrastrue

mcubation with serum from a syphulitic patient and
:ﬂ;h:led quaea pig serum (GPSY e cells that
- mmobilzed wn the Treponema pallidum
mobilzation (TP test (4) It was suggested that
speafic antibodies 1n the human syphills serum
mn:er with one or more factors present 1n
!rrponm GPS reacted with receptor sites on the
iy nt:matl surface  Previous studies (5) have
mmmlhal( treponemes do not bind ants treponemal
oty 1es immobuiisin) even after prolonged tncu
Simtac unless unheated GPS 15 also present
7Y no antibodies were bound by orgamisms

tral level we treated cells which had been
incubated for the TPI test with ferntin conjugated
Tabbst antthuman TgG globulin The results of these
experiments are given 1n this paper

MATERIAL AND METHODS

The 1ncubauon of the treponemes were carried oyt as
desenbed and tabutated 1n Table 1 of the previous paper
(3) The incubation ume used was 8 hours since by then
cells ancubated with serum from a syphuliuc patient (Cop
11}45) plus Tresh unheated GPS were all immobitized



whereas cells incubated with the same serum, but with
heated GPS, were all motile

Each of the incubated samples was centrifuged at
15,000 g for 25 mimutes at 4° C and the cells were
washed by resuspension in twg volumes of basal
medum (5) After ths, cell pellets were carefully
suspended m | m! of a solution containing 0 5 ml ferrtin
conjugate®) plus 2 mi basal medium without albumin
The suspended cells were kept m this mixture for 30
minutes ai room temperature with intermittent shaking
Then the cells were centrifuged at 15,600 g for 20
minutes at room temperature and washed in basal
medium without albumun to feguce the amount of
unspecilically adsorbed or trapped conjugate At this
stage specimen grids with cells from each ncubation
mixture were prepared and stained by the muluple drop
technique {2) 1 per cent ammonium molybdate, pH 7 2
was used as negative stain 1 5 per qent glutaraldehyde 1n
SMC{0 3 per cent sucrose with 0 01 M MgCl; and 0 01
M CaCl ) was added to the remaimng cells 1n each tube
The material was fixed for 30 minutes at room
temperature, followed by continued fixation at 4° C for 9
hours After this prefixation the cells were centnfoged
and the resulting pellet embedded in a few drops of 45° C
warm melted | 5 per cent Noble Agar (Difco) in SMC
Small blocks (approximately I mm3) were cut and
postfixed for 1 hour at room temperature in | per cent
0504 1n SMC with 10 per cent YAP medinm (0 3 per
cent yeast extract, 0 05 per cent sodium acetate and 0 3
per cent peptone medium, all Difco products) The blocks
were impregnated for 1 hour with 2 per cent urany|
acetate 1n SMC before dehydration in alcoho! and
propylene oxide and embedding 1n Vestopal W

Ultrathin sections were obtamed on the LKB ultro-
tome Il microtome and were stained with magnesium
urany! acetate and lead citrate

Formvar coated carbon reinforced copper grids were
used for negatively stamned preparations as well as for the
sections

Efectron microscopy was performed as descrided
previously (3) For this paper approximatety 420
electron micrographs were studied

*) The ferntin comugated IgG fraction of rabbit
antthuman IgG heavy chain serum was obtained from
Cappel Laboratories Downington, Pa USA The

was d by
analysis with various antiséra prepared at this
mstitute The antisera were rabbit anty horse ferritin
swine anu-rabbit serum and swine anti rabbit 1gG

RESULTS

Cells obtained from petlets of treponemes ncubated
with serum from a syphilitic patient together with
unheated GPS will be referred to as immobilized
cells and those incubated with the same serum but
with heated GPS as motile cells Pellets of T
palidum were always contaminated with tissue
debris from the rabbit testis

Negatnely Stained Material

The morphology of the immobilized cells and the
motile cells was described i the previous paper (3)
The appearance of the motde cells was unaltered
when such cells were further mcubated with ferritin
comyugated rabbit antthuman IgG globultn Even
after the additional washings and centrifugations
needed after this treatment, the treponemes present.
ed the morphology of normal T palfidum cells
Furthermore, practically no ferritin was present on
the cell surface (Fig 1)

In contrast to this, tmmobilized cells that were
mcubated with the conjugate were swollen and the
surface of their outer cell membrane was covered by
the fuzzy matenal as well as with fernitin (Fig 2)
The morphological details on these celfs were often
diffucult to resolve due to the amounts of ferntin
malecules present on the cell surface, but on the
whole the extra incubation with conjugate had very
httle 1nfluence on the general morphology of the
immobilized cells (compare Fig 2 of this paper with
Fig 3 1 the previous paper (3)) It should be noted
that some aggregates of fernitin were seen lying
directly on the supporting film of the gnd n the
ferntin treated preparations of both moute and
immobilized cells

Secnioned Matenal

The morphology of the sectioned moule cells
appeared to be normal (1) The triple-layered outer
membrane was found to tightly envelop the cells
except at places where the flagella were seen 1n the
space between the outer cell membrane and the
cytoplasmic membrane (Fig 3) Very few or no
ferntin molecules appeared to be attached to the
outer of the (Fig 3)

The product was found to contain an a2
which was seen with both antt ferritin and anu-rabbut
18G and also a faster moving cofnponent Which was
seen only with anti-ferrtin The conjugate also
contained precipitating anttbodies against human IgG
which was the only component seen when normal
human serum was used as antigen in the well and the
conyugate as antiserum in the trough The immuno
electrophoretic analysis generally confirmed the spe-
erfications for the product given by the supplier te
some free ferriun was the mamn contamumnant of the
conjugated IgG rabbit antihuman globulin
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The appearance of the sectioned 1mmobilized
treponemat cells was very different from that of
motlle cells Immobilized cells were obviously
swollen, and the extertor of their outer membrane
was outlined by ferritin molecules {Figs 4and 5 A.
B) In some sections clusters of ferruun were
observed 1n between treponemal celts These clus-
ters were often shown to be attached to the surface
of the outer membrane of cells ncluded mn an
adjacent section Due to the swelling of the
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1 and 2 show matenal negatively stained
Al Fgures show cells of T patf dum Nichols subjected to the TPLtest Figs

®1th 1 per cent ammonwm molybdate pH 7 2 and Figs 3 § sectioned material GPS means gmnar; lp|g :rum( (a::d
ferr un conpugate stands for ferritin conjugated rabbit anuhuman TgG globulin The same human syphhs serum {Cop
TH) was used throughout The bar on cach micrograph represents 100 nm

5

trepor ith ferntn conjugate The cel!
Flg 1 A treponemne incubated with syphilis serum and heated GPS prior to treatment w

shows 2 morphology corresponding (o that of normal cells Clusters of ferntin molecules (F\I) are scattered along m:
€l and are also present directly on the substrate of the gnd The outer cel) membrane (OM) ughtly envelops
Foplasmuc body of the cell IP denotes the insert on points for the flagella (F) 90 000 x

Flg 2 A treponeme incubated with syphilis serum and unheated GPS prior 1o treatment with ferntin mxgugale The
cell s swolien and the celt surface 15 coversd with a fuzzy matenial and ferriun molecules (FM) 90 000 x

DISCUSSION
Perplasmic space of the immobilized cells a rather
¢ gap was present betw een the outer membrane By the present techmques binding of human 1:G
ind the cytoplasmuc membrane 1 these cells (Figs 4 globuln to cells of T pallidum could not be
ad'S A B) The flagella were present 1n the space  demonstrated following incubation of the cells with
Between the cell body and the outer membrane asis  serum from a syphiitic patient {(Cop 111} and
vormally found However as a rule they were  heated GPS In contrast IgG was seen attached 1o
hapharardly distributed compased with their of  the surface of the treponemes after incubation with
€erly arrangement within the more narrow space  the same serum when unheated GPS was present ;n
present in motile cells (cf Figs 3and S A B) No  the incubation mixture The results mdicate that one
normal mtracellutar structures were observed 1n or more thermolabile factars n the GPS are
he smmobilized cefls but 1t should be noted that the  essential for the attachment of human antibodses
bosomes were no longer mthe G to the surface (re for the
Ortoplasm (Figs 4 and 5 A B) “o fernun was  sensization} Complement 1n the GPS 15 probably
Attached 10 the membranes of rabbit tissue origin  involved but at present it 1s unknown whether or
Present among the motle as well as the immobilized  not the thermolabile factor(s) needed for the
treponemes (Fioe 1 ana a1

treponemal smmobulization process are 1dentical




Fig 3 A section of treponemes which were treated with
ferntin conjugate after mcubation with syphilis serum
and heated GPS The outer cell membranes (OM) tightly
envelop the cells The Nagella (F) are situated between the
outer membrane (OM) and the cytoplasmic membrane
(CM) R denotes ribosomes in the cell cytoplasm
Aggregates of fernun molecules (FM) are seen 1n
between the treponemes and the rabbit tissue debris (D)

90 000 x

with one or more of the thermolabile components o)
complement Whether these components are mvol
ved by reacting via the classical or alternate pathway
cannot be decided from the present experiments
Our experiments do however corroborate previous
findings that the binding of antibodies to the

treponemes was dependent on the presence of

I d GPS 1n the ncut mixture (5)

It has been discussed 1f immunoimmobitized cefls
of T pallidum should be considered dead or only
paralysed (4) Our sectioned material shows that 1
rmmobilized cells ribosomes can no longer be scen
tn the cytoplasm The ribosomes may have been
digested 1n autolytic processes and then the cells are
most hikely dead On the other hand they may also
have been dissolved as a result of other reacttons
specifically directed towards the cefl mterior In any
case ribosomes are present in motile cells afier
incubation with heated GPS and serum from 2
syphilitic patient for the same period of time 5o the
immobilization process must have some effect also
on the cell interior

Large aggregates of ferritin were found between
cells in the preparations studied These aggregates
probably originate from a surplus of human 3G
present 1n our final suspensions The cells were only
washed once before incubation with the ferntin
conjugate in order to avord too much damage of the
cells during the 1ons and 1t 1s b
that unadsorbed IgG globulin was incompletely
removed In an additional expeniment we further
washed the cells after incubation with the conjugate
After three washings the amounts of unadsorbed
ferritin between the treponemes were Jess pronoun
ced while the washings had not removed the
ferritin and thus the human IgG globulin from the
cell surface

It should be mentioned that an occastonal
spheroid cell {6) was present 1n the cell suspensions
studied Spheroid cells are non motile and no
human IgG globulin could be demonstrated on the
outer membrane of these cells (Fig 6) Further
more the ribosomes were retained in their cyto
plasm afler the mecubation which resulted in immo
bilizatton and loss of nbosomes in the other
treponemes present We have also found a very low
number of non motife helical treponermes i our
suspensions before these were ncubated with
human syphylis serum and GPS When an unswol

Fig 4 and Fig 5 4 and B Sections of treponemes treated with ferriin conyugate after in

cubation with syphilis serum
ranes (OM) are outlined with

¢ he outer cell memb
and unheated GPS The periplasniic spaces are swollen arrow<)and the outer o s (1 m Figs 5 1

ferritin molecules (FAM) Note that nio r are

e e brane (CM) but less

and B are present in the wide gap between the outer

well ordered than in motile cells (cf Figs 5 A and 3) 90 600 x

90 000 x
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(OM)and the P

- 4 ofor Figs 4 5 Note the
1 {F\D) on the ovter

the host tissue debris

- inoimmobihized celt






len cell was encountered among sectioned immobilt
zed cells such a cell had ribosomes 1n the cytoplasm
and did not show any ferrittn ¢ any human IgG
globulin on its surface We are tempted to wdentfy
the non motile cells with those that do not adsorb
human IgG and our observations would then
indicate that only motile cells of T pallidum are able
to react with human IgG antibodies present m
serum from syphilitic patients

We are indebted to 8 Mansa Department of Biophysics
Statens Seruminsutut for carrying out the immunoelec
trophoretic analysis of the conjugate and to N Axelsen
Department of T Statens Ser

for vatuable criticssn of the manusceipt We also wish 0
thank A Knudsen for her excellent assistance n the
performance of the TPl tests J Berg H Rawnand £
Laursen for thewr excellent assistance 1n electron
microscopy and 4 G Overgaard and F Laursen for
expert photographic work
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Svendsen U G Koch C M & Rubin B Genetic control of the spontaneous hypertension i the

NZB/Cr stram of mice Immunogenetic considerations Acta path microbiol scand Sect C 87 269-
M3 1979

MZB/Cr mice spontaneously develop a hgh blood pressure This hypertension 1s developed during the
frst two months of age Fi hybrids between NZB/Cr and C57/B1/6] {a normotensive mowse strain
W

[}

n ' .
backerosses and F2 hybrids gave a weak evidence that genes located in or closely linked t0 the H 2
complex do influence the spontaneously developed high blood pressure 1 the NZB/Cr stram of muce
It 15 emphasized that further studies s larger populations of mice ts necessary to establish the

\mportance of 1 nkage of genes to the H 2 complex for the spontaneous hypertension 1n the NZB/Cr
strain of mice

Rey words Spontaneous hypertension genetic control NZB/Cr muce immunogeneuc considerations
U G Svendsen Uy

mversity Institute for Experimental Medicine Nerre Alle 71 DK 2100 Copenhagen 0
Denmark
Recewved 25 3 73 Accepted 12179 vessels and some small arteries show a necrotising
The New Zealand Black (NZB) strain of mice artertis (Hicks & Burnet 1966 Holmes & Burnet
Spontaneously develop autoimmune diseases inclu 1042 1e # e T N .
ding a hemolync

isease and a lymphoproliferative
disorder (Beelschowsky et qf 1959 De Heer &
Edgngion 1976 Howie & Heper 1968) commmen
:ng afier about 3 months of age Renal disease
evelops nsideously also commencing after 310 6  precedes the vascular disease in the NZB/Cr stram
months of age with and  of mice (Svend:
zlmdrum This disease Temains clinrcally latent
¥ the greater part of the Ife span although some

a for at least some of the vascular disease probable
hypeun 010 & nephrotic syndrome with asctes o mem e e % o
and b The .
Tephropathy commences histol
Tit0g of hya, istologscally with accu

ne material in the ‘mesangium and -
;h:n“hpﬂhry basement membranes Aggregations of *
YTophoid eells are present around the smaller renal

It has been shown that the development of a
marked 1ncrease in the blood pressure early m hfe

1977) rendering the possibility of
a pathogenuc importance of the high blood pressure



the treatment 1s given early on Lfe before the
vascular disease 15 apparent The thymus depen
dency of the high blood pressure in NZB/Cr mice
thus suggests that the high blood pressure may be
an autoimmune mamnfestation However, the 1nflu
ence of the incorporation of the nude alleles m the
NZB/Cr genome 1s still only poorly understood
then other explanations than the above mentioned
1s obviously possible

The mechamism of the genetic control of the
development of the autormmune disorders of the
ongmally NZB/B1 strain of mice 1s by no means
fully understood It1s however, generally agreed at
present that they are inherited as domrnant traits
and 1t 1s thought that a limited number of genes
determine the autoimmune disorders (Howte &
Simpson 1976)

The present study shows that also hypertenston
1n the NZB/Cr muce 1s controlled by more than one
gene The main infivence on the blood pressure 15
exerted by gene(s) localized outside the major
histocompatibility complex (MHC) However the
results give some evidence that loc in or closely
linked to the MHC do influence the level of blood
pressure [t 15 concluded that repeated studies
larger groups of backcross generations of mice are
warranted 1o clanfy this important question

MATERIALS AND METHODS
Ammals Inbred SPF NZB/Cr (H2 d) and C57/B1/6J

Statens Seruminstitut were used
Systemic artenal blond pressures were recorded n the
conscious mice In light ether anaesthesta a catheter was
placed 1n the left carottd artery and connected to a
Tybjerg Hansen  capacitance  pressure  transducer
(Simonsen & Weel Copenhagen) and a (G 14) graphic
recorder (Danbridge Copenhagen) the blood pressure
was subsequently recorded for one hour 1n the conscious
semirestrained amsmal  while 1t was placed 1In a

transparent plastic tube

H 2 typing Two antisera were used 1n the present
study A Balb/c antt C57/B1/6J anuserum (H2 d ants
H2 b)and a C57/B1/6J anu Balb/c anaserum (H2 b ants
H2 d) The antisera were obtained from mice which were
immunized 1p with (Balb/c x C57/B1/6J) F1 spleen
cells 8 times at weekly intervals They had cytotoxic
uters of | 256 aganst spleen or lymph node cells of
relevant specificity The cytotoxic assay was performed
as follows 0 2 ml of lymphotd cells (20 x 108/m1) was
mrxed with 0 2 mi of antiserum ditution (usually a 1 10
dilution 1 balanced salt soluton = BSS) and the
~t ad farana hanr at 4° C The reaction
discarded
of strain 2
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guinea pig serum diluted 1 10 tn BSS After incubation at
37° C for 45 munutes  the reaction tubes were added 0 5
mi of ice cold BSS They were placed on 1ce untl counted
for presence of hve cells ustng trypan blue due exclusion

In every assay C57/B1/6] Balb/c and (Balb/c %
C57/BL/61) Il cells were used as central cells and both
antisera were used being 1nternal controls for one
another By means of the present assay the antsera killed
more than 90% of allogenesc cells and less than {6% of
syngeneic cells More than 90% of F cells were killed
by both antisera Thus (NZB x C57/B1/6]) FI F2or
backcross animals were typed as H2d H2 bor H2dx
H2 b on the basis of whether their spleen cells were
kiled by only H2b antt H2d or H2d anu HIb
antiserum or by both antisera All cell suspensions were
counted blindly

The mvestigations was performed 1n two parts

Part 1

The genetic control of the iheritance of the lugh blood
pressure i the NZB/Cr stran of mice The systemiC
artersal blood pressure was measured 1n 15 male NZB/
Cr |5 mate C57/B1/6] and 1n 15 male FI (C57/B1/6]
x NZB/Cr) mice 3 months old Subsequently blood
pressure was measured in 3 montbs old male backcross
hybrids between female FI (C57/B1/6] x NZB/Cr)
muce and either C57/B1/6] (n = 24)or NZB/Crin =
10) muce

Part 11

The nfluence of the MHC (H 2) complex on the high
blood pressure The possibility of hnkage of the genes
coding for the high blood pressure 1n the NZB stran of
mice to the H2 complex was nvestigated n backeross
hybnds (Fi (C57/B1/6] x NZB/Cr) x C57/BI/6J) (se¢
above) and 1n 53 male 3 months old F2 hybrids bred
from F1 (C57/B1/6J x NZB/Cr) parent mice Thé
mfluence of genes linked to the H2 complex for the high
blood pressure was further ivestigated by comparing
the blood pressure in two congenic strains of mice which
only duffered at the H 2 complex 1¢ B 10 (H2 b)and B
10 D2 (H2 d) Such male mice had their blood pressuré
determined when they were 3 months old

For comparison of experimentat results the students
ttest was used When this test imples a normally
distributed population a »distribution free ¢ test which
does flot assume that the scores under analysis were
drawn from a normally distributed population were
used as wel) (Mann W hutney U test) The five per cent
Jevel was used as mdtcative of significant differences All
mean values are given with one standard deviation

RESULTS

Genetic Control of the Inherltance of the High
Z'aeod Pressure m the NZBICr Strain of Mice
Fig | shows the blood pressure (n the parental
NZB/Cr and parental C£7/B1/6) mice and 1n FI-
hybrids betw een the two parental strams The blood
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Fig 1 shows that the artenal blood pressure in both the
NZB/Cr and the F1 (C57/B1/63 x NZB/Cr) strams of
mice were sigmficantly creased compared with the
me2n value observed tn the C57/BI /6] stram of muce (p
< 0001)(® tustocompatibility type dd O bb and
O bd) The solid Iine represents the mean value n =
number of 3 months old male mice

¥ acormn .

Fig 2 shows the artenal blood pre
wice ewher (F1 (C57/B1/6] x NzJ
[ .-

e
essure 1n backeross
B/Cr) x CSTIRI &1

Wivinen

pressure in the Fl hybrids was induy
from the blood pressure in the w »v-—ls mgulfh_::blc
T par - " .
Oush - = :
The mean vawes fof the three proy,
Ps were 15
é(l lm;x)i Hg ONZB/C) 113 £ 9 mm Hg (C‘S'I:/
61 and 154 = 10 mm I, for thy
CS7/B1/61) A hybrds § for the (NZB/Cr x
The blood pressure 1n backeross
muce fr
hybnds to the two parental Strains 15 shuw:nos l-Ellg

2 to NZB/Crare hyperten

sive whereas blood pressure 1n backcrosses to C57/
B1/6J varies from normal to high blood pressure If
only one gene was responsible for the occurrence of
the high blood pressure one would have expected a
clear grouping among the (C57/B1/63 x NZB/Cr)
x C57/B1/6J backerosses with half the number of
mice 111 2 hypertensive group and the other hailina
normotensive group However the observed um

form contnibution of blood pressures in these
backeross mice indicates a polygenic inhentance an
assumption which 1s supported by the finding of a
umform mean arerial blood pressure tn the F2
ammals (Fig 3) which moreover 15 mtermediate

aaen st we we

E3ma

Fig 3 shows the arterial blood pressure 1 F2 mice of
euher histocompatibility type dd (@) bb (O) or bd (&)
A igher mean value was found 1n the mice typing dd
thann bb muce The solid line represents the mean value
0 = pumber of 3 months old male mice

anent b iod prawe e mm g

Ban1

~g
S S

#ig 4 shows that the mean arteria) Blood pressore
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the treatment i1s given early on fife before the
vascular disease 15 apparent The thymus depen
dency of the high blood pressure n NZB/Cr nuce
thus suggests that the high blood pressure may be
an autoimmune manfestation However the influ-
ence of the 1ncorporation of the nude alleles m the
NZB/Cr genome 1s still only poorly understood
then other explanations than the above mentioned
18 obviously possible

The mechamsm of the genetic control of the
d Ye t of the disorders of the
onginally NZB/B! strain of mice 1s by no means
fully understood It1s however, generally agreed at
present that they are mhented as dominant trasts
and 1t 1s thought that a limited number of genes
determine the autoimmune disorders (Howte &
Stmpson 1976}

The present study shows that also hypertension
1n the NZB/Cr miuce 1s controlled by more than one
gene The maimn influence on the blood pressure 1s
exerted by genels) localized outside the major
hustocompatibihity complex (MHC) However, the
resuits give some evidence that loct 1n or closely
Iinked to the MHC do nfluence the ievel of blood
pressure It 15 concluded that repeated studies n
larger groups of backcross generations of muce are
warranted to clanfy this tmportant guestion

MATERIALS AND METHODS

Ammals Inbred SPF NZB/Cr (H2 d) and C57/B1/6]
(H2 b) (G1 Bomholtgird Ltd Ry Denmark) were fed
mouse pellets and drank tap water ad libitum Moreover
B 10 (H2b) B 10 D2 and Balb/c (H2 d) mice from
Statens Serumnstitut were used

Snstenr artenal binad pressures were recorded 10 the
conscious mice In light ether anaesthesta a catheter was
placed 1n the fefi caroud artery and connected to 2
Tybyerg Hansen  capacitance  pressure  transducer
(Simonsen & Weel Copenhagen) and a (G 14) graphic
recorder (Danbridge Copenhagen) the blood pressure
was subsequently recorded for one hour 1n the consclous
semurestramed ammal wihie 1t was placed mn a
transparent plastic tube

H 2 nping Two antisera were used 1n the present
study A Balb/c ants C57/B1/6J antiserum (H2 d anut
H2 b)and a C57/BIt/6J ants Balb/c anuserum (H2 bant
H2 o) The antisera were obtained from mice which were
immunized 1p with (Baib/c x C57/B1/6) B spleen
cells 8 tmes at weekly 1ntervals They had cytotoxic
uters of 1 256 against spleen or Iymph node cells of
relevant specificity The cytotoxic assay was performed
as follows 0 2 ml of lymphoid cells (20 x 105/ml) was
mixed with 0 2 mi of antiserum dilutson {usually 2 | 10
dilution 1n balanced salt soluuon = BSS) and the
micture was incubated for one hour at 4° C The reaction
was stopped by centrifugation the supernatant discarded
and the cell pellet was resuspended In 05 miof strain 2
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guinea pig serum diluted I 10 1n BSS After meubation gt
37° C for 45 mumnutes the reaction tubes were added 05
ml of 1ce cold BSS They were placed on ice unty) counted
for presence of ive cells using trypan blue due exclusion

In every assay C57/B1/6] Balb/c and (Bafb/e ¢
C57/B1761) F1 cells were used as central cells and oy
antisera were used being internal controls for tne
another By means of the present assay the antisera kled
more than 90% of aflogeneic cells and less than 10% of
syngeneic cells More than 90% of F1 cells were kiljeg
by both anusera Thus (NZB x CS7/BI/6D) FI F2 o
backeross ammals were typed as H2d H2bor H2gy
H2'b on the basis of whether their spleen cells Were
killed by only H2b anu H2d or H2d anu H)p
antiserum or by both antisera All cell suspenstons Were
counted bhindly

The nvestigations was performed n two parts

Part I

The genetic control of the inheritance of the high dlogd
pressure in the NZB/Cr stram of mice The systemyc
arterral blood pressure was measured n {5 male NZB/
Cr 15 male C57/B1/6] and n 15 male F1 {C57/B /61
x NZB/Cr) mice 3 months old Subsequently blood
pressure was measured 11 3 months old male backcross
hybrids between female FI (C57/B1/6J x NZB/Cp)
mice and either C57/B1/6J (n = 24)or NZB/Cr(n -
10) mice

Pare 11

The influence of the MHC (H 2) complex on the high
blood pressure The possibility of hinkage of the genes
coding for the fugh blood pressure in the NZB stram of
muce to the H2 complex was investigated 1n backcross
bybrids (F1(C57/B1/6] x NZB/Cr) x C57/B1/6J) (see
above) and in 53 mate 3 months ofd F2 hybrids breg
from F1 (C57/BI/6] x NZB/Cr) parent mwe The
nfluence of genes finked to the {2 complex for the high
Blood’ pressuré was further 1nvestigared' &y ORI
the blood pressure 1n two congensc strains of mice which
only differed at the H 2 complex 1¢ B 10(H2bjand B
10 D2 (H2 d} Such male mice had ther blood pressure
determined when they were 3 months old

For comparnison of experimental results the students
ttest was used When this test tmplics a normally
distributed population a wdistribution free « test which
does fot assume that the scores under analysis were
drawn from a normally distnbuted populanon Wwere
used as wel) (Mann Whitney U test) The five per cent
fevel was used as sndicauve of significant differences All
mean values are given with ope standard devition

RESULTS

The Genenc Control of the Inheritance of the High
Blood Pressure in the NZB/Cr Strain of Mice

Fig | shows the blood pressufe 1o the parental
NZB/Cr and parental Cc7/Bt/63 mce and n Fl-
hybrids betw een the two parental strams The blood

TR



P on
“Fpus 11 2uioImmRne Myasthenia gravis 1 rats the
mduction of the disease could be whybited 1n rats
depleted of complement by treatment with cobra
vevom Tactor {(Lennon et al 1978) 1f complement
def ciency 15 suggested as an explanation for the H 2
mfluence on the on it

Hicks § D & Burnet F M Renal lesions 1o the
wautatmmune« mouse strams NZB and F1 NZB x
NZW J Path Bact 9/-467-477 1966

Hicks J D Guunan P & Pe J A pew method of
measuring blood pressure 1n mice Lancet /f 930~
932 1965

Holmes M C & Burnet F M Tbe natural history of

P
umportant 10 realize that the H 2% allele 15 1n fact
fnown to be connected with a low fevel of total
complement 25 compared with the H 24 allele
Demant et al 1973)

Finally the possibslity that the NZB/Cr strain of
mice which had been utilized 1n the present study
could be different 1n respect to the blood pressure
from the origmnal NZB/BI stran has not been
wvestigated n the present study Thus further
studies are warranted m order to clasaify this
problem

The authors are grateful to Miss Lisbeth Olsen Miss
Brgt Humler and Miss Johanna Lieberk nd for thetr
valuable fechnicat assistance This work was supparted
by grants from the Damsh Med cal Research Council
Ingen or Saren Alfred Andersen s Foundation and Carl
ard Ellen Hert  Foundat on
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between the mean blood pressure of the two oniginal
strams (conf Fig 2 and 3)

Influence of the H-2 complex on the High Blood
Pressure i the NZB/Cr stram of Mice

In Fig 2 15 also included the H-2 type of the
backeross hybrids to the normotensive C57/B1/6]
muce The mean value for all the mice i this group
was 135 £ 19 mm Hg, as compared with 151 *
10 mm Hg for the backcrosses to NZB/Cr When
the backcrosses to C57/BI1/6J are grouped accor-
ding to H-2, the heterozygous bd alleles give a mean
blood pressure of 140 + 16 mm Hg, whereas the
bb homozygous mice have a mean blood pressure of
128 = 21 mm Hg With the number of mice used
In this expeniment this difference 1s not sigmificant
p>01)

However, when 53 F2 hybnids were tested and
grouped according to therr H2 type there was a
significant influence of the H2 type Fig 3 shows
that mice typing dd had a higher mean blood
pressure (132 + 10 mm Hg) compared with the
mean value in the mice typing bb (124 + § mm
Hg), p < 005 and p < 002,with the Mann
Whitney U test and the students’ t-test, respectively
The thurd group of F2 mice typing bd had a mean
arterial blood pressure of 127 *= 11 mm Hg, which
was mtermedrate to mean value of the other two
groups

The third experimental group (Fig 4) compared
the mean blood pressure 1n two stramns of mice,
congentc for the H2 complex as described 1n the
materials and methods section Mice of the strain B
10 (H2-b) (n = 10) and mice of the stram B 10 D2
(H2-d) (n = 8) had a mean blood pressure of 124

+7 mm Hg and 125 £ 15 mm Hg, respectively

Here the mouse sirain B 10 D2 carnes the same
H-2 allele as the NZB/Cr stran (H-29) Yet the
mean blood pressure in the B 10 D2 muce does not
differ from the mean blood pressure 1n B 10 which
1S a normotensive mouse strarm carrying the same
H-2 allele (H-2b) as C57/B1/6] This agam shows
~ when compared with the above results — that the
H-2 complex 15 not directly responsible for the
development of the increased blood pressure but the
H-2 lex does — p ded the »high pi

of the

provided that the renal autoimmune disease m the
FI (NZB X NZW) me are controlled by two
dominant genes, one of which 1s fnked to the H-2
complex (Kmght & Adams 1976}t was investigated
1f the genes coding for the high blood pressure i the
NZB/Cr muce might be inked to this complex The
earlier mentioned pount that thymus 15 essentual for
the development of high blood pressure 1 the
NZB/Cr mice would seem to mdicate that some
kind of T-cell function 15 nvolved The present
tnvestigation shows that the spontaneous hyperten
ston 1n the NZB/Cr stratn of mice 1s controlled by
more than one — but probably few autosomal
domninant genes Previously, we found a high blood
pressure n the BALB/c/A and the NZB/Cr strain
of mice both of which carry the H2-d allele of the
major histoecompatibilty complex (S endsen 1977)
However, the results obtamned in the present study
using mice congenic for the H2 complex (H2-d and
H2-b, respectively) do not support this assumption
because the same mean blood pressure within the
normal range of C57/B1/6] was found  both
strans, rrespectively of the H2 type

Thus, we must concfude that the gene(s} which
determine the development of the hypertension 18
located outside the major hustocompatibility cort
plex We have not had the possibility to test for
linkage to other well charactertsed gene markers 1
the mouse An obvious candrdate here would be Joct
controlling allotypes of mouse jmmunoglobulins
(heavy and light chains)

Although 1t 5s found that genes, hnked to the H-2
complex are not themselves responsible for the
development of the high blood pressure In the
NZB/Cr mice the experiments With backeross and
F2-hybrids gave a weak evidence, that the hyperten-
sion s miluenced by genes linked to the MHC In
brief, these genes are known to influence T effector
Tunctions T hejper functions and the tevel of certain
complement components (Sieigaard et al 1975
Klewr 1975) Repeated studies with Jarger groups of
backeross generations of mice are highly warranted

Previously, we have showp that n another
hypertensive system (renal hypertenston 1n rats)
(Siendsen 1973) thoracic duct lymphocytes from
hypertensive rats when transferred mto normal
yng rats caused a »secondary response« n the

genelsk« 1s present — infl the exp
ncreased blood pressure

DISCUSSION
The present study aimed fo mvestigate the genetic

cellular reaction agamst damaged arteriolar walls
following later mjections of angiotensin J1 These
findings thus suggest that T helper cells are 1nvolved
1 at least some kinds of hypertension

The fact that in the spontaneous hypertension 1

the NZB/Cr nuce the hypertension could be 2
f of an disease mughts

factors influencing the mherstance and
of the high blood pressure 1n the NZB/Cr stratn af
mice (Svendsen 1977} Because evidence has been
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hawever, tndicate that the complement systemt
could be mvolved This has been shown for several



4 dependent on antib

Thus 1n autoimmune myasthenia gravis 1n rats the
mduction of the disease could be ratubited n rats
depléted of complement by treatment with cobra
venom factor {Lentnon ef a! 1978) If complement
tefioency 1s segzested 2 an explanation for the H 2
tnfluence on the on s

Hicks J D & Burret F A Renal lestons i the
wautoimmunes mouse strams NZB and FI NZB x
NZW | Path Bact 97467477 1966

Hicks J D Giltinan P & Pye J A new method of
measuring blood pressure m mice Lancet /I 930~
932 1985

Holmes M C & Burnet F M The natural hustory of

1mportant to realize that the H 2 allele 15 1n fact
kaown 1o be connected with 4 low level of total
complement as compared with the H 2¢ allele
(Demant et al 1973)

Firally the possibility that the NZB/Cr stran of
mce which had been utilized 1n the present study
could be different 1n respect to the blood pressure
from the ongmel NZB/BY stramn has not been
mvestipated 10 the present study Thus further
studies are warranted m order to classily this
prablem

The authors are grateful to Muss Lisbeth Olsen Miss
B3¢ Humler and Muss Johanna Lieberk nd Sor their
valugble techn cal assistance This work was supported
by grans from the Damsh Medical Research Counail
Ingen or Saren Alfred Andersen s Foundauon and Carl
and Elien Hert  Foundat on
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between the mean blood pressure of the two original
strains (conf Fig 2 and 3)

Influence of the H-2 complex on the High Blood
Fressure n the NZBCr strain of Mice
In Fig 2 1s also included the H-2 type of the
backeross hybrids to the normotensive C57/B1/6J
mice The mean value for all the mice in this group
was 135 £ 19 mm Hg, as compared with 151 %
10 mm Hg for the backcrosses to NZB/Cr When
the backcrosses to C57/B1/6J are grouped accor-
ding to H-2, the heterozygous bd alleles glve a mean
blood pressure of 140 + 16 mm Hg, whereas the
bb homozygous mice have a mean blood pressure of
128 £ 21 mm Hg With the number of mice used
in this experrment this difference 1s not sigmificant
p>01
However, when 53 F2 hybrids were tested and
grouped according to their H2 type there was a
significant ifiuence of the H2 type Fig 3 shows
that mice typing dd had a higher mean blood
pressure (132 + 10 mm Hg) compared with the
mean value 1n the mice typing bb (124 + 8 mm
Hg), p < 005 and p < 002,with the Mann
Wihitney U test and the students’ t~test, respectively
The third group of F2 mice typing bd had a mean
arter1al blood pressure of 127 £ 11 mm Hg, which
was intermediate to mean value of the other two
groups
The third experimental group {Fig 4) compared
the mean blood pressure in two stramns of mice,
congenic for the H2 complex as described in the
matertals and methods section Mice of the straimn B
10 (H2-b}(n = 10)and mice of the strain B 10 D2
{H2-d) (n = 8) had a mean blood pressure of 124
+7 mm Hg and 125 £ 15 mm Hg, respectively
Here the mouse strain B 10 D2 carries the same
H-2 allele as the NZB/Cr strain (H-29) Yet the
mean blood pressure 1n the B 10 D2 mice does not
differ from the mean blood pressure 1n B 10 which
1s a normotensive mouse strain, carrying the same
H 2 atlele (H-2%) as C57/B1/6J This again shows
— when compared with the above results ~ that the
H-2 complex ts not directly responsible for the
of the d blood p but the
H 2 complex does — provided the »high pressure
gene(sk 15 present — mfluence the expression of the
ncreased blood pressure

DISCUSSION
The present study aimed to mnvestigate the genetic

provided that the renal autoimmune disease 1 the
Fl (NZB X NZW) mice are controlled by two
dominant genes, one of which 1s linked to the H-2
complex (Krught & Adams 1976) 1t was investigated
1f the genes coding for the high blood pressure m the
NZB/Cr mice mught be linked to this complex The
earlter mentioned potnt that thymus ss essential for
the development of high blood pressure in the
NZB/Cr muce would seem to indicate that some
kind of T-cell function 1s mvolved The present
mvestigation shows that the spontaneous hyperten-
sion 1n the NZB/Cr stran of muce 1s controlled by
more than one ~ but probably few autosomal
dominant genes Previously, we found a high blood
pressure in the BALB/c/A and the NZB/Cr stran
of mice, both of which carry the H2-d aliele of the
majyor histacompatibility complex (Svendsen 1977)
However, the results obtaned m the present study
using mice congenic for the H2 complex (H2-d and
H2-b, respectively) do not support this assumption
because the same mean blood pressure withmn the
normal range of C57/B1/6] was found in both
stramns, irrespectively of the H2 type

Thus, we must conclude that the gene(s) which
determinie the development of the hyperteasion s
located outside the major histocompatibility com
plex We have not had the possibility to test for
linkage to other well characterised gene markers in
the mouse An obvious candidate here would be loct
controthng allotypes of mouse 1mmunoglobulins
(heavy and light chains)

Although 1t 1s found that genes, linked to the H-2
complex are not themselves responsible for the
development of the high blood pressure m the
NZB/Cr mice, the experiments with backcross and
F2 hybrids gave a weak evidence, that the hyperten
sion 15 influenced by genes linked to the MHC In
brief, these genes are known to nfluence T effector
functions, T helper functions and the level of certain
complement components (Svejgaard et al 1975
Klein 1975) Repeated studies with larger groups of
backeross generations of mice are highly warranted

Previously, we have shown that i another
hypertensive system (renal hypertension 1n rats)
(Svendsen 1973) thoracic duct lymphocytes from
hypertensive rats when transferred into normal
syngeneic rats caused a »secondary response« 1 the

cellular reaction aganst damaged artertolar walls
| later of Il These

L 44l & T hatnar collc are nvolved

Rl n

the NZB/Cr mice the hypertension touiu v¢ a
tion of an disease might,

factors influencing the inhentance and
of the high blood pressure 1n the NZB/Cr stramn of
mitce (Svendsenn 1977) Because evidence has been
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however, mndicate that the complement system
could be tavolved This has been shown for several
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MITQGENIC STIMULATION OF HUMAN LYMPHOCYTE
SUBPOPULATIONS BY LATHYRUS ODORATUS LECTIN

JAN KOLBERG and TERJE E MICHAELSEN

Department of Immunotogy National Tnsutute of Public Health Osto Norway

Kotberg J & Mychaelsen T E Muogemc
Lathyruy odoratus Jectn Acta path microbiol scand Sect

of human by
C 87 215-279 19719

Tnvestgaton was made of the mutogenic acuvation by Larhvrus odoratus (LATH) lecun and
sh¥lohaemagglutinn (PHA) of human T-enriched and ron T lymphocytes wsolsted by nylon wool
furition and sheep ery e rosette depletion LATY only weakly the T

enriched and non T fracuons as compered to PHA which strongly sumulated the T-¢nriched population
ad weakly sumufated the ponT cells Removal of phagocytc cells from the unfractionated
Iymphocyles caused only a shight reduction 1n the response to LATH The responses of miutures of T

ewrbed and nion T [ymphocytes ®ere symilar 1o that of unfracnonated lympbocytes The LATH iecun
sefns therefore to be neiher a pure T nor a pure non T cell mitogen stnoe both populatons must be
present for optmal response When o methyl D was added 1o

ogecher woek LATH there was 2 strong whibiuon of thymidume weorpacation D-glucose and ™ acetyl

D glucosamune dimunished the sumutation effect 1o 3 Jesser degree
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Accepted 195179 MATERIALS AND METHODS
Lecims have Peen found 10 extracts of many - .
different plants mostly Yegumes as well as m - " .
mucroorganssms and investebrates (9) Several leo ) “r
P . . England
" . " Eymphocites were 1s0lated from heparintzed twithout
" N preservauve) bood according to the method of B pm

{8) The cells wert washed three umes in Hanks

vu e seeds Of Lathyrus odoratus (LATRY
‘elonging to the Leguminosae family has a strong
Rutogin effect ot human penpheral blood \ympho-
ytes (12) The mutogentc response to LATH
‘rms of 31 thymidine incorporation was approny
matefy the same 2s for phytohaemageiutimin (PHA)
bt the weight concentration of LATH giving

MAY o 4l p

wUUs Ol numan lymphocytes and the

e inhibitor
effect of differe™ carbohydrates an the m;w;enrz:
activity of LATH

balancey sall solution (HBSS) These cells will be
refecred 10 35 unfractionated lymphocytes

T enpched hmphocytes were prepared by filtration
:hmugh nylon wool (Fenwal Lab Morten Grove 1)
2

T ceft depletion The unfracuonated lymphocytes were
adjusteq 10 20 104 cells/mi in HBSS with 20 per cent
pooled  feat ‘:en:nmvawd bl:';.mxm AB serum which had
previously absorbed siih eoythroyes,
{SRBC) This lymphocyte suspmsmnﬁqmnx\i withan
equal yolume of 5 per ceot SRBC w ({RSS and
centrifuged 21 250 x 2 After 1ncubation for J — 1 § k a¢
4°C the rosetie forming lymphocytes (T<efls) were
separated from the other eetls (non T cells) by centifuga
tion on 1sopaque Ficolt (4)

Deptetion of phagocy e ctls w

as pecfarmed b
treatment (Techmcon Peoduct No S
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TABLE 2 Jncorporation of M1 thy muding o Evmphocies Stimutated wutk PHA o LATH
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TABLE 3 LATH Stmulation of Unfractionated Lympho
s before and after Depletian of Phagocytic Cells

Expt o Unfracuonated Iron wreated
lymphocytes Tymphocytes
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Fig 2 Thymdine incorporation 19to $-day cultares of
mivtures of T-ennched and non T lymphacytes expased
@ PHA or LATH tectm The results are expressed as
percentape of incorporation compared with that of
Unfractionated lymphocytes
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Fig 3 Effect of carbohydrates on LATH sumulauon of
hymidine yncorporation o 3-day cultuces of uafracuo-
nated [ymphocytes Gle D glucose GlcNAc N acetyl
D glucosamine a meMan & methyl D mannoside

Mutogentc responses of moctures of T enriched and
non T cells In order to test whether or not the T
and the non T lymphocytes co-operate in their
tesponses to LATH the mutogeme respomses of
mixtures of T-enriched and nonT cells were
measured Synergy between T and non T cells 15

by the fact that thyrudine incorpora
tion by the cell muxtures 1s higher than the sum of
Tenriched and non T celts cultured separately (Fig
2) PHA sumulated strongly the T-enriched celf
fraction The PHA response of non T lymphocyles
mived with vanous pumbers of T-enriched cells




Hdennficanon of T h mphocytes T cells were identified
on the basis of rosette formation with SRBC Briefly,
equai volums of lymphocytes (5 X 106 cells/ml) and 0 5
per cent SRBC were mived and centrifuged at 250 x g
The cell mixture was incubated overmght at 4°C All
lymphocytes binding three or mare SRBC were conside-
red positive

Hdenufication of Ig-bearing cclls FITC-labelled sheep
anti human F(ab’); was used 0 dentify membrane Ig-
bearing cells by tmmunofiuorescence microscopy (7)

Idenuficaton of monocites was carned out by
peroudase staming (11) on preparations made by
cytocentrifuge (Shandon Scientific Co Lid . London)

Culture and assay procedure The lymphocytes were
culuvated in Medum 199 supplemented with 10 per cent
pooled, heat-mactivated, human AB serum, pemcillin
and streptomyetn Cultures were set up 1 flat-bottomed
Nuncfon mucroptates  (Roskilde, Denmark) with
0 1S% 105 cells in 150 pI medwum per well, and
incubated at 37° C 1n a hunudified atmosphere of CO2in
arr The mitogens were added in 10 pl saline at zero time
The concentration used was 0 6 pg/mi of PHA or 40 pg
of LATH (12)

Twenty-four h before harvesting 07 pCi of 3H-

(U]

CPM x 10 +

2
BAYS IN CULTURE
Fig 1 Thymudine incorporation mto culures exposed
to PHA or LATH lJecn W-—B unfeactionited
lymphocytes @ --c.e- ® Tenriched cells and A—4A
non<T cells

{unfractionated lymphocytes) were treated with iwon
to remove phagocytic cells These preparations were

thymudine (The Rad I Centte, A b
England) was added The cells were harvested with
distilled water 1n an automatic harvesting machine
{Skatron Lierbyen Norway) The glass fibre filters were
put directly nto counting vials and incubated for about
20h wm § mi Ddusolve scinuffation flmd (Packard
Instrument Lid) Duripg shis penod the counting
efficiency 1increased to a stable level The radioacuvity
was measured 1n Pachard spectrometer, model A 2425
operated at room temperature The experiments were
performed n triplicate or quadruplicate

RESULTS

Mitogeme stimulation of unfractionated T-enriched
and non-T cell fractions Human peripheral blood
tymphocytes were separated into T-enriched and
nou-T cell fractions by nylon wool filtration and by
SRBC rosette depletion, respectively In some
experiments the Ficoll-Isopaque 1solated cells

) 120d by fluorescence staimng for

bound lobulin, rosctte forma-
tion activity with SRBC and staming with peross
dase (Table 1)

Unfracttonated, T-enriched and non-T lymphocy~
tes were jncubated with the LATH lectin or PHA
far vacying pertods of trme (Fig 1) Thus representa-
tve experiment indicates that these lymphocyte
preparations responded maumally to both mitogens
after appr y (e days of and
thus that period was chosen for the further studies
PHA was a much stronger T cefl mitogen than
LATH, the PHA response being 3-8 tnies that of
LATH (Table 2} In several expeniments unfractio-
nated and T-enriched lymphocyte fractions had
stmular capactties for stimulation by PHA The non»
T cells responded weakly to both mitogens
Removal of phagocyuc cells from unfractionated
Iymphocytes caused only a slight reduction i the
LATH response (Table 3

TABLE | Characteristics of Human Blood Lymphocyte Preparations®

ning with
SRCB rosette g'ﬁcl lngbcﬂcd S:‘x:f d;::m
forming celis ann-fab )z
+ 73 24 2 35
Unfractionated lymphoty tes 60 = 82 l; + 42 2310
Tron treated Iy mphocytes 63 1;;’ 182 13 <05
T-enriched 1y mphocy tes 8132: 0 72 = 49 48 = 6)

Non T lymphocytes

a Values show n are mean percentages = SD



TABLE 2 Incorparation of 3 thymudine into Lymphocy tes Stimmulated with PHA or LATN

Unfractionated

Sl T-enriched cells Non T celts
o Muogen cells
" 328226 aep
PHA 199 =9 210 220 106y
k L‘:TH 199 = 95 6552 55 [E8) 105226 60
2 PHA 142 = 30 146 236 103 247232 un
LATH 125 =10 180 n 132214 an
bl
) PHA 175 212 15 223 123 358240
LATH 86721 2772 49 32 173229 Q0
16)
4 PHA 194 211 328216 “n 320217 [l
LATH 139 =17 158 42 un 79239 20
{epm/culture £ 5D) > 103
perceniage of 1ncorparation compared wath that of unfracyonated cells
ABLE 3 LATH Sumulation of Unfracuonated Ly mpho
O3 before and after Depletion of Phagocy tic Cells
Expt ng  Unfractionated 1ron treated
fymphocy tes tymphocytes
.
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T ERICKED LuPHOCYTES I CULTURE (1)

:;r 2 Thymidine \noorporation 1mto 5-day cultures of
o }l\;{m Of T-ensiched and non T tymphocytes expased
Pt'mnﬁ or LrAﬂl lecun The results are expressed as
8¢ of wncorporaton compared with that
Unfractionied tymeharviee i o

0 100
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U glucosamine & meMan a methyl D mannoside

Mutogenic responses of muxtures of T-enriched and
non-T celfs {n order 1o test whether or not the T
and the non T fymphocytes co-operate 1n their
Tesponses to LATH the nutogeme responses of
mixtures of T-enriched and non T cells were
measured Synergy between T and non T cells 1s.
demonstrated by the fact that thymudine Incorpora
tion by the cell mixtures 15 Tugher than the sum of
T-enriched and non ¥ cells cultured separately (Fig
2) PHA stmulated strongly the T-enriched cell
fraction The PHA response of non T lymphocytes
mixed with varous numbers of Tenriched celts



seemed to be not proportional to the number of T-
enriched cells A plateau of maximum stimulation
was observed at the highest T-enriched cell concen-
trations (Fig 2)

Inhubition of nmutogenic actvity with mono-
saccharides When a-methyl-D mannoside was ad-
ded to unfractionated lymphocyte cultures together
with the LATH lectin for three days, there was
strong nhibition of the incarporation of labelled
thynudine (Fig 3} D-glucose and N acetyl-D-
1 d hed the 1 effect to a
lesser degree D-gal N acetyl-D-gal -
mmne and L-fucose had some mhibitory effect (not
shown), but not 1 all experiments

DISCUSSION

In this study we have compared the mitogenic
stimulation of the Lathyrus odoratus (LATH) lectin
on human T-cell enriched and T-cell depleted (non-
T} preparations with that of PHA LATH gave a
weak stimulation of both lymphocyte preparations,
while PHA strongly stimulated the T-cell enriched
fraction and weakly stimulated the non-T cell
fracion The strongly reduced LATH response of
the T-enriched fraction 15 probably not due to
removal of monocytes by the nylon wool filtration
since depletion of phagocytic cells from unfractiona-
ted lymphocytes resulted only 1n a slightly reduced
response QOur findings that punfied T cells are
strongly stimulated by PHA are 1n accordance with
those of other groups (3, 15, 16, 17) However
there are many conflicing reports with regard to
the response of non T lymphocytes to PHA It has
been demonstrated that human non-T cells isolated’
from immunocabsorbent columns incorporate thy-
midine 1n the presence of PHA (5, 14) On the other
hand, non-responsiveness of cells isolated by this
technique has also been reported (3) In accordance
with the findings of other groups (2, 16), we found a
weak PHA response of non-T cells isolated by
depletion of sheep erythrocyte rosetting T cells
Even complete non-responsiveness of cells isolated
by thus depletion techruque has been reported (3, 10,
20) These differences 1n the sumufation capacity of
PHA towards non-T lymphocytes can probably be
explamed by differences 1n the techniques used for
1solation of the cells and/or differences i the
purity of the cell populations obtained

It has been claimed recently there are subpopula-
tions of lymphocytes which have neither T cell nor
B cell markers for review see 6) This makes the
whole field even more complex, stnce these cells
have not been used n extensive mitogenic studies
Other cells such as monocytes might also iteract

27

with the muitogemc response However, as already
mentioned, this does not seem to be the case for
LATH The non-T cells isolated by depletion of
rosetting T cells can be heavily contaminated with
monocytes, as shown here and by others (1, 8, {¥)

There 15 also evidence that lymphocyte subpopy
lations co-operate 1n their response to mitogens such
as PHA and pokeweed mitogen (PWM) (3, 8, 15,
20) Using LATH, we also observed a striking
synergy Thus LATH seems to be neither a pure T
nor a non-T cell mitogen, but requires boty
populations for optimal response The mechanisy
behind the stimulation of 15
not clearly understood therefore, a high mitogenc
response characteristic for mitogens such as LATY
and PHA (15, 20) as compared to mitogens which
gtve a low response like PWM (15, 20} might
reflect different mechanisms of activation

‘With regard to the ligand specificity of LATH on
lymphocytes, the mitogentc activatton was strongly
inhibited by a-methyl-D mannoside and to a lesser
degree by D-glucose and N-acetyl D glucosamine
Lectins are generally not specific for one single
sugar only, although the degree of specificity vanes
widely The lectins have been classified nto mne
groups according o their mam sugar affinities (13)
The results with the LATH lectin indicate that 1t
belongs to group 8 n this classification, together
with lectus such as Canavala ensiforns (Con A)
Pisum satiyum and Lens culinans 1t has also been
reported that the mutogenic effect of these lectins 13
inhibited by « methyl D mannoside (19, 22)
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CYTOLOGICAL EVENTS IN ALLO-STIMULATED
LYMPHOCYTES TRIGGERED BY EXPOSURE TO
STIMULATORY ALLOANTIGENS

1l Changes in the Areal Densuy of Cytoplasrmic Vacuoles contarning Endocynized
Thorotras

POUL BRIX POULSEN and LAUST HANGLER MELSEN

Anatomy Department B University of Co n de DA 2200 Co N
Denmark

Bnx Poutsen P & MNelsen L H Cytological events in allosumulated lymphocytes triggered by
exposure to sumulatory alloantigens [1I Changes 1n the areal density of cytoplasmic vacuoles
onta ning endocyuzed Thorotrast® Acta path mucrobio) scand Sect. C 87 281-286 1979

H 2 lymphocytes were sensittzed against H 26 alloantigens by a lymphocyte culture seaction (MLR)
and incubated with H 24 mastocytoma cells Thirty minutes before incubation with the mastocytoma
ells Thorotrast® was added 1o the lymphocyte culture medium The interacuon between lymphord exlls
04 mastocyloma cells was stopped by fitation with glutaraldehyde The areal densities of the
<ytoplasmic vacuoles were examined by electron Two of were
observed small lymphocytes with heterochramatic nucler and larger lymphocytes (lymphoblasts) with
tuchromatc nucler Only the lymphoblasts showed changes lollowing 1nteraction with target cells The
areal density of Thorotrast® contaimng vacuoles 1y sensitized lymphoblasts increased during the three
hour observation period but the percentage of vacuoles contang Thorotrast® i the total area of
Stoplasmic vacuoles decreased in the first thurty munutes of interaction with target cells This
Gbservauon may ndicate greater formation of vacuoles from the Golgt apparatus compared with the
formation of vacuoles from the at the onset of with target cells In
the mutuvesicular bodies (MVB) the Thorotrast® was first observed inside the small vesicles and later
©f 1t was 2lso abserved n the matnix of the MAB  After three hours of interacuon Thorotrast® was
observed laying wfree 1n the matrix of phagosomes along with myehn figures

Key words Lymphoid cells lysis vacucles Thorotrast®

P Brix Poulsen Universuy of Copenhagen Anatomy Dx BT Dk 2200
Copenhagen N Denmark
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from culture medium (Brberfeld 1971 and .

. n ?;:;::n ?em‘;nslramdrm‘al Phytohaemagglun  horn er af 1968) 7 e fsch

n stimulation of lymphocytes induces An increase 10 s a550C1
ynthesis of membran

increased uptake of a wide range af mata~ . # 11pid has been shown 1o occur rapdly in lymph;:'d
. tes after sumulation perhaps also reflecting the

increase in endocytosis (Fischer & Muelfer 1968)
ent Protein molecules are taken Up by cells by
micropinocytosss and degraded 1n the tysosomal

system The vacuolar system appears to be engaged



i the uptake transport and digestion of endocytized
material (de Duve & Wartiaux 1966)

Biberfeld (1971) using human peripheral blood
lymphocytes transformed by PHA mdicated diffe
rent morphological stages of the vacuolar system 1n
a sequental transformation process from endocytic
vesicles to dense bodies through different types of
multivesicular bodies (MVB) Other observations
ndicate that MVB also may arise from the Golgs
apparatus (Ericsson 1964 Friend 1969 and Folrz
man et al 1967)

Some of the prerequisites for the formation of
vacuoles n mixed lymphocyte reaction (MLR)
sumulated lymphocytes during interaction with
target cells =~ a readiness of the granulated
endoplasmic reticulum and the Golgi apparatus —
was discussed 1n a previous study (Brix Poulsen
1979) The study suggested two ngenerations« of
the Golgt apparatus 1 the [ymphobfasts The first
»generatton« tficreased from the onset of interac
tion but after twenty minutes of nteraction this
» generation« of the Golgi apparatus decreased The
second wgeneration« increased after one hour of
interaction  The maximum concentration of the
granulated endoplasmic reticuum 1n the lymphocy
tes was found at the onset of interaction with target
cells

In another study (Brix Poulsen & Mielsen 1979)
two man periods of vacuole formation 1n MLR
stinulated {ymphocytes duning interaction with
target cells were demonstrated — one from the onset
to thurty minutes and one from the second to the
third hour of interaction

The aim of the present study using Thorotrast¥
1 culture medium was to examine the ongin of the
vacuoles — whether the formation 1s from the Golgr
apparatus of from the cell surface - dunng the two
main periods of vacuole formaton in the fymphocy
tes during mteracuion with target cells

MATERIAL AND METHODS

Ammals Mice of inbred strains DBA/2J (H 29) and
CS7B1/6] (H 2b) were obtaimed from Gl Bomholtgird
Laven Jutand F; hybnds of C57B1/6] x DBA/2)
were bred at the Impute of Medical Anatomy
Copenhagen

Cells Effector cells CSTB1 6J Ilymphocytes from
spleen and lymph nodus St fator cells Fi{CSTBI/63
x DBA/2J} lymphocste lrom spleen and lymph nodes
Target cells The tumour P 815 % 2 mastocytoma of the
H 2¢ origta was kindly donated by Dr Bent Rubin
Statens Seruminstitut Copenhagen

Cell prepiration Spleen and fymph nodes were
obtained ascpucally and homogenized by grinding
through a Monodur® P \ extra stark 400 The cells \\;r;
washed once 1 4° C phosphate buffered saline pH

b1'%]

(PBS 420 Gibco) and the cell debris was allowed 1o
settle The cells were then spun down and resuspended yn
156 6 mM NH,Cl 1n distilled water at 4° C for %
munutes which disrupted the erythrocytes Aler three
washes the cells were resuspended 1n culture media gnd
counted

Cultnagion medmm SO0 md RMPI 1630 25mM wen
Hepes bulfer (240 SI Gibco) contmng 25 mi 5%}
foetal calf serum (629 Gibco) § mi (1%) L ghamype
200 mM {503 Gidco} 125000 1u Pemciin iNoyo
005 g Streptomycinsulfat (Nov) and § x 10 2mM 2
mefcaptoethanol

Culinanon medwm contamng Thorotrast®  The
same as »cultvaton medwtm« plus 0025 mt 25%
stabilized collowdal thorum dioud (Thorotrast® No
504 A Fellow test agar Detront) per ml medium

Stmulation of bmphocyres 30 X 106 sumulator &ells
and 30 x 108 effector cells were muxed 1n Falcon tissue
culture flask No 3018 with 20 m! cultnation medim
and stored for 4 days at 37° C in an atmosphere
comtaiung 5% CO»

Cyrohvsis  fisaton and embeddimg Day 4 afeer
mtiating the the lymphocyt )
were counted and placed in the cultivauon mednm
contawmnmg Thorotrast® After thirty minutes half of the
lymphocytes were mtixed with mastocytoma cells m 2
10 1 lymphocyte mastocytoma cell ratio adjusted to 30
x 106 cells per ml cultivation medium and shaked The
other half of the lymphocytes stayed 1n the cultnation
mediam with Thorotrast® and without targer cells and
became fhe control cefls

Atume zero 30 minutes and | 2 and 3 hours after
mixing the cell suspensions were spun down at 400 g for
6 munutes

AN cells were then fixed 1n 39 glutaraldehyde m 01
M phosphate buffer (pl{ 7 2) at 4° C for 12 hours The
cells were then wahsed for 2 X 30 minutes 1 01
phosphate buffer (pH 7 2) at 4° C Post fitauon was
performed m 2% OsOgin 0 1 M phosphate bufler (phl
7 2) for 2 hours at 4° C The cells were then washed in
01 M phosphate buffer (pH 7 2)at 4° C for 10 munttes
and three umes for 30 munutes at 4° C in distilled water
Subsequently the cells were placed m BS% wmnyt
acetate 1n distitled water for 12 hours at 4° C and finally
washed for 20 munutes at 4° C 1n drsulled water The
cefls were then m
of ethanol and embedded 1n Epon 811

El.ctron sneroscopy  Silver 1o gray thin sections Were
cut on a LIB Ultratome stamned Wath uranyl acetate and
lead ciirate the cells were examined and photographed
using a Philips EM 300 electron microscope at an
acceferaung voltage of 60 kY

Quantation and stansucs The cytoplasmic areas and
vacuole areas were measured and calculated stercologt
cally with a Lestz A S M image system

The Wcoxon non parametrc fest was used fr
statistical analysis of the cytological changes Number of
cells counted [n each obseration period 40 lymphocytes
were measured along with equal numbers of control
cells




RESULTS

The cell population after mixed lymphocyte reaction
(MLR) sumulaton consisted of two types of
tymphoid cells a small type with heterochromatic
mcleus and a larger type with euchromatic
ucleus Only the Saiter exibited changes following
mteraction with target cells This cell resembles a
blast eell and the quantitation was performed on this
cell type only

The areal denstty of ¢ytoplasmuc vacuoles contal
ning Thorotrast® The blast cells showed an increase
1n the areal density of vacuoles contamning Thoro-
trast® from 028% 10 086% within the first 30
mnutes of 1nteraction with target cells (Table 1) In
the next hour there was no significant increase sn
the density From two 1o three hours of wateracuion
the density of vacuoles with Thorotrast® increased
from 118% to 1 63%

The control cells showed no sigmficant change in

TABLE | Changes in the Amount of Cytoplasmuc Vacuoles Contalning Thorotrast® (T) in Lymphoblasts in Retation to
Time of Interaction with Target Cells

Time of “The area of vacuoles contatmng “The area of vacuoles comaiming
fn;:‘é;‘m‘m T 1n per cent of cytoplasmic area P:ol:;!;:lny T 1n per cent of the total vacuoles area

(%) (%)

¢

v : » p<005 '; H

1 094 p<020 150

2 Qs p<020 e

3 163 p<002S s

Fig I Thorowast® mside s

muluvesicular bodies i lymphocyte afier 30 ma of

mall vesicles of two

ioteraction with target cefls 33000 x

the areal density of the cytoplasmic vacuoles
contaiung Thorotrast? except (rom the first 30
minutes but the increase in this latter period was
sigmificantly smaller than the mcrease 1n blast cells
which nteract with target cells (p <0 05)

The percentage of Thorotrast® containng vacuo

lec mthatatal an Al A 4 oo ar

period it mcreased and after three hours of
interaction the vacuoles contamng Thorotrast®

conct rted 3T 8% afshasne b w1
les
tar. .

some of the small vesicles of multvesicular bodies
{MVB} whereas the matrix of MVB did not contatn
Thorotrast® {Fig 1) After one hour of iteraction
with target cells Thorotrast® was located 1 the
TORINX 25 Well as inside the small vesicles of MVEB
(Fig 2 and 3) After two hours of interaction
Thorotrast® was also observed In small vescles
(<02p) msde phagosomes contatmng  mye;

figures (Fig 4) After three hours of mumcuu:
T?Drotras&" was also seen distributed 1n the matryx
:n ;!;goscmcs along with myelin figures {Fg §



11 the uptake, transport and digestion of endocytized
matenal (de Duve & Wattigux 1966)

Biberfeld (1971), using human peripheral blood
lymphocytes transformed by PHA, sndicated diffe-
rent morpholagical stages of the vacuolar system 1n
a sequentra transformation process from endocytic
vesicles to dense bodses through different types of
multivesicular bodies (MVB) Other observations
indicate that MVB also may arise from the Golgt
apparatus (Encsson 1964, Friend 1969 and Holyz-
man et al 1967)

Some of the prerequisites for the formation of
vacuoles 1 mixed lymphocyte reaction (MLR)
strmulated lymphocytes during interaction with
target cells — a readiness of the granulated
endoplasmic reticulum and the Golg: apparafus ~
was discussed 1n a previous study (Brix Poulsen
1979) The study suggested two ngenerations« of
the Golg( apparatus m the lymphoblasts The first
ngeneration« increased from the onset of interac-
tian, but after twenty mumnutes of mteracton this
»generation« of the Golgt apparatus decreased The
second »generatione increased after one hour of
mteraction The maximum conceniration of the
granulated endoplasmic reticulum sn the lymphocy-
tes was found at the onset of interaction with target
cells

In another study (Brix Poulsen & Nielsen 1979)
two main periods of vacuole formation 1n MLR-
sumulated Iymphocytes dunng nteraction with
target cells were demonstrated — one from the onset
to thirty munutes and one from the second to the
therd hour of interaction

The aim of the present study using Thozotrast®
1n culture medium was to examune the origin of the
vacuoles — whether the formation 1s from the Golgt
apparatus or from the cell surface — during the two
main periods of vacuole formation n the lymphocy
tes during nteraction with target cells

MATERIAL AND METHODS

Anumals Mice of inbred strams DBA/2J (H 2¢) and
CS57B1/6J (H 2b) were obtained from GI Bomholtgird
Laven Jutland F, hybrids of C57B1/6] x DBA/2J
were bred at the Insutute of Medical Anafomy
Copenhagen

Cells Effector cells CS57B1/6J lymphocytes from
spleen and lymph nodes Stmufator cells F ({C57B1/6)
A1 anh nndes
1 the
. ibin

Statens Seruminsutut Copenhagen
Cell preparanon Spleen and lymph nodes were
obtaned asepucally and homogemzed by grinding
through 2 Monodur® PA extra stark 400 The cells were
washed once i 4° C phosphate buflered saline pH T2

~Qn

(PBS 420 Gibco) and the cell debris was allowed to
setdle The cells were then spun down and resuspended
156 6 mM NH4Cl 1n distilled water at 4° C for 10
minttes which disrupted the erythrocytes After three
washes the cells were resuspended in culture media and
counted

Culimation mednon 500 ml RMPI 1640 25mM wih
Hepes buffer (240 St Gibeo) contamng 25 mi (5%)
foetal calf serum (629 Gibca) 5 mi (1%) L glutamyne
200 mM (503 Gibco) 125000 1u Pentcillin (Novo)
005 g Streptomycinsulfat (Novo) and § x 10 2mM 2
mercaptoethano]

Cultnation medrum comarmng Thorotrast®  The
same as »cultivation medium« plus 0025 ml 25%
stabilized coflordal thonum dioxd (Thorotrast? o
504 A, Fellow test agar Detront) per ml medum

Sumutaron of fymphocytes 30 x {06 stumutator cells
and 30 x 106effectar cells were muxed m Falcon tissve
culture flask No 3018 with 20 ml culavayion medwum
and stored for 4 days at 37° C jn an atmosphere
contaming 5% CO2

Cytolysis  fixation and embedding Day 4 after
nitiating the the lymphocy
were counted and placed 1n the tultivation medwm
containing Thorotrast® After thirty munutes half of the
lymphocytes were muxed with mastocytoma cells 1 2
10 1 tymphocyte mastocytoma cefl ratro adjusted to J¢
X {06cells per ml cultivation medium and shaked The
other half of the lymphocytes stayed i1 the cultivation
medium with Thorotrast® and without target cells and
became the control cells

At time zero 30 munutes and | 2 and 3 hours after
muxing the cell suspensions were spun down at 400 g for
6 minutes

All cells were then fixed 1n 3% glutaraldehyde 1 0 [
M phosphate buffer (pH 7 2) at 4° C for 12 hours The
cells were then wahsed for 2 X 30 minutes in 01
phosphate buffer (pH 72) at 4° C Post fixation was
performed 1 2% OsO4in 0 [ M phosphate buffer {33
7 2} for 2 hours at 4° C The cells were thea washed iz
0 1 M phosphate bulfer {(pH 7 2) at 4° C for 10 munutes
and three times for 30 minutes at 4° C 1n distifled water
Subsequently the cells were placed 1w 05% wranyl
acetate 10 distilled water for 12 hours at 4° C and finally
washed for 20 mnutes at 4° C n distilled water The
cells were then dehy d 1n
of ethanol and embedded 1n Epon 812

Electron microscopy Siiver to gray thin seclions were
cut on a LIB Ultrotome stained with urany| acetate and
lead citrate the cells were examined and phoiographed
using a Philips EM 300 electron microscope 3l 2n
acceferating voltage of 60 k¥

Quanuiaton and staustics The cytoplasmic areas and
wacuole areas were measured and cafculated stereologi
cally with & Leitz A S M 1mage system

The Wilcoxon non parametrc test was used for
staustical analysis of the cytologtcal changes Number of
celts counted In each observatson period 40 tymphocytes
were measured along with equal pumbers of control

celts




RESULTS

The cell population after muxed lymphocyte reaction
MLR) sumulauon consisted of two types of
tymphoid cells a small type with heterachromatic
oucleus and a larger type wnth euchromatic
mciens Only the latter exiubited changes foliowing
mteracuon with target cells This cell resembles a
blast cel and the quantitation was performed on this
<ell type only

The areal density of cytoplasmic vacuoles contal~
nng Thorotras(® The blast cells show ed an increase
1n the areal density of vacuoles contaimng Thoro-
(rast® from 028% to 086% wuhn the first 30
sunutes of interacuon with target cells (Table 1} In
the next hour there was no significant mcrease tn
the density From twe to three hours of ynteraction
the density of vacuoles with Thorotrast® increased
from 118% to 163%

The control cells showed no sigruficant change in

TABLE | Changes in the Amount of Cytoplasmic Vacuoles Containing Thorotrase® (T3 in Lymphoblasis In Relation 1o
Time of Jnteraction with Target Celfs

Twmeof mprachon 31 472 ©f vacuoles containing

The area of vacuoles comaining

Py Tumperomof oyoplasmcarea POl T per cemt of the il vacuoles area
[t =)
e
Y os6 p<oss 3
] 094 po20 150
2 e <020 e
3 163 P<OD2S 275

Fig I Thototas® wnsde amail yesy
multivesicular bodies 1 lympl
Interacuon with target cetic 31

les of two
hooyte alier 30 mun of

the areal densxy of the cytoplasmuc vacuoles
containng Thorotrast® except from the first 30
minutes but the increase 1n this latter period was
sigmficantly smaller than the increase in blast cells
which miteract with target cells (p <0 05)

The percentage of Thorotrast® contaimng vacuo-
les 1n the total vacuole asea decreased from }7 2%
to 8 3% m the first 30 munutes of interacuon with
target cells (Table 1) 1n the rest of the observation
period 1t ncreased  and afier three hours of
interacuon the vactoles contaning Thorotrasi®
consututed 27 §% of the total vacuole area

The ocaizanon of Thorotrasf® inside fhe vacuo-
fes During the first 30 munutes of interaction with
target cells the Thorotrast® was observed mside

some of the small vesicles of multivesicular bodies
(MVDY me - a . oeve -

. v
matnx as well as 1nside the small vesicles of \1\“!1;
(Fig 2 and 3) Afier two hours of wmteraction
Thorotrast® was also observed I smafl vesicles
(<D 2y mside phagosomes conining myelin
figures (Fig 4) After three hours of nteraction,
Thorotrast® was also seen distributed in the mateys

of phagosomes along with m
and 6) yehn figures (Fig 5



m the uptake transport and digestion of endocytized
material (de Duve & Wattiaux 1966)

Buberfeld (1971) using human peripheral blood
lymphocytes transformed by PHA, indicated diffe
rent morphological stages of the vacuolar system in
a sequential transformation process from endocytic
vesicles to dense bodies through different types of
multivesicular bodies (MVB) Other observations
indicate that MVB also may arise from the Golgt
apparatus (Ericsson 1964, Friend 1969 and Holtz-
man et al 1967}

Some of the prerequisites for the formation of
vacuoles 1n mixed lymphocyte reaction (MLR)
stimulated Iymphocytes duning interaction with
target cells — a readiness of the granulated
endoplasmic reticulum and the Golgt apparatus —
was discussed 1n a previous study (Brix Poulsen
1979) The study suggested two ngenerattons« of
the Golg apparatus 1n the lymphoblasts The first
»generatton« increased from the onset of mterac
tion but after twenty nunutes of interaction this
»generation« of the Golgt apparatus decreased The
second »generation« 1ncreased after one hour of
interacion The maximum concentration of the
granulated endoplasmic reticulum 1n the lymphocy
tes was found at the onset of interaction with target
cells

In another study (Brix Poulsen & Nielsen 1979}
two mamn periods of vacuole formation 1n MLR
stimulated lymphocytes during interaction with
target cells were demonstrated — one from the onset
to thirty mimutes and one from the second to the
third hour of nteraction

The atm of the present study using Thorotrast®
1 cplture medium was to examine the origin of the
vacuales ~ whethet the formation s from the Golgt
apparatus or from the cell surface — during the two
man periods of vacuole formation 1n the lymphocy
tes during interaction with target cells

MATERIAL AND METHODS

Ammats Mice of mbred strains DBA/2J (H 24) and
C57B1/6J (H 2b) were obtained [rom Gl Bomholtgrd
Laven Judand F| hybrids of CS7B1/6J x DBA/2J
were bred at the Insttute of Medical Anatomy
Copenhagen

Cells Effector cells CS5TBI/6J lymphocytes from
spleen and lymph nodes Stmular r celis Fi{CSTBI/6]
x DBA/2J] lymphocytes from spleen and lymph nodes
Target cells The tumour P 815 2 mastocytoma of the
H 20 onigin was lindly donated by Dr Bent Rubin
Statens Seruminstitut Copenhagen

Cell preparation  Spleen and lymph nodes were
obtamed asepucally and homogemzed by grinding
through 2 Monodur® PA evira stark 400 The cells were
washed once 1n 4° C phosphate buffered saline pH T2

282

(PBS 420 Gibco) and the cell debris was allowed to
settle The cells were then spun down and resuspended 11
156 6 mM NH4Cl 1 distlled water at 4° C for 10
munutes Which disrupted the erythrocytes After three
washes the cells were resuspended 1n culture media and
counted

Culttvation medium 500 ml RMPI 1640 25mM with
Hepes buffer (240 S1 Gibco) contaymng 25 m) (5%)
foetal calf serum (629 Gibco) § ml (1%) L, glutamme
200 mM (503 Gibco) 125000 ru Peniillin (Novo)
0 05 g Streptomy cinsulfat {Novo)and 5 x 10 2mM 2
mercaptoethanol

Cultnation medium contaiming Thorotrast®  The
same as »cultivation medium« plus 0025 ml 25%
stabilized colloidal thorium dioxid (Thorotrast® Mo
504 A Fellow test agar Detront) per ml medim

Stimulanion of hmphocytes 30 X 106 stimulator cells
and 30 x 106 effector cells were mixed m Falcon ussue
culture flask No 3018 with 20 ml cultvation medmm
and stored for 4 days at 37° C 1 an atmosphere
containing 5% CO3z

Cytobysis  fixanon and embedding Day 4 after
imtrating the it the lympt D
were counted and placed in the cultivation medwm
contatning Thorotrast® After thirty minutes half of the
lymphocytes were mixed with mastocytoma cells o 2
10 1 tymphocyte mastocytoma cetl ratio adjusted to 30
x 106 cells per ml culuvation medium and shaked The
other half of the lymphocytes stayed 1n the cultivation
medium with Thorotrast® and without target cells and
became the control cells

At time zero 30 munutes and ] 2 and 3 hours after
mixing the cell suspenstons were spun down at 400 g for
6 minutes

Al cells were then fixed m 3% glutaraldehyde 10 01
M phosphate buffer (pH 7 2} at 4° C for 12 hours The
cells were then wahsed for 2 x 30 runutes m 01
phosphate buffer (pH 72) at 4° C Post fixauon %a$
performed 1n 2% OsO4m O 1 M phosphate buffer o
72 ' wed o
01
and
Subsequently the cells were placed m 05% uranyl
acetate 1n distilled water for 12 hours at 4° C and finally
washed for 20 munutes at 4° C 1n distlled water The
cells were then d 1
of ethano! and embedded 1 Epon 812

Electron mucroscopy  Silver (o gray thin secuons werf
cut on a LIB Ultrotome staned with urany! acetate¢ and
lead witrate the cells were examined and photographed
using 2 Philips EM 300 electron microscope at an
accelerating voltage of 60 kV

Quantitation and sianstics The cytoplasmic areas and
vacuole areas were measured and calculated siercologt

with a Leitz A S M image system
czl%;c Wilcoton non parametric fest was used for
statistical analysis of the cytological changes Number of
cells counted In each observation period 40 lymphocytes
were measured along with equal pumbers of control

cells




Fg ¢ Thorotast® unside two small vesicles of a
Phagosome with a myelinfigure 1n lymphocyte after two
bours of nteraction with target cells S0000 x

IS ere 1n a state of readiness for formation of
eyoplasmic vacuoles Thus the highest concentra
uon of endoplasmre retculum was found 1n the
Telatively small blast cells from the beginning of
tnteraction with target cells The Golg1 stacks also
showed a readimess because the number of stacks
Per plof cytoplasma 15 only one thtrd of the 1ital
oumber after twenty munutes of mteraction

The formation of vacuoles and lysosomes in the
blast eelis during the mteracton with target cells has
been quantufied (Brix Poufsen & Nielsen 1979) Two
A peniods of vacuole formation were found -
one from the onset to thirty munutes and one from
1he second 1o the third hour of mteraction The
formauon of fysosomes n the blast celts was
8reatest from two to three hours of interaction buy
aod phosphatase was observed 1n multivesicular
bodies (MVB) after twenty munutes

‘The present experiment indicates that 1n the first
turty munutes vacuoles are formed by the Golgt
apparatus as the percentage of vacuoles contaimng
Thorotrast® 1n the total vacuole area decrease in the
first thurty mimmtes This 15 10 agreement with the
readiness state of the Golgs apparatus and the
endoplasmic reticulum  Later the increase g the
petcentage of Thorotrast® contaming vacuoles 1n
the total vacuole area indicates that the building
Mmaterials had to come from

the environments T,
IS \n agreement with the observaton of Hayden L‘rsl
al (1970) who found a doubling of the rate of

) mto bi glyco-
protems within 3 hours following adg uon of PHA
to human peripheral blood Iymphocylu

An increase in uptake may explamn the increase 1n
Iysosomes to break down macromolecules to
duifferent building units (Hirschhorn et al 1967 Brix
Poulsen et al 1975 and Brex Poulsen & Guutler 1975
and Brix Poulsen & Meelsen 1979)

In PHA-sumulated lymphocytes there i1s an
increase in the biosynthesis and turnover of
membrane constituents (Hayden et al 1970) 1t has
also been shown that membrane immunoglobulins
and histocompatibility antigens turn-over rapudly
Witetta et al 1972) Afier interaction with target
cellstheressa of surface
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Flg 3 and 6 Thototrast® distributed 1n the matrix of
phagosomes along with  myelinfigures Fig
45300 x Fig 6 43920 x



DISCUSSION
In a previous study (Brix Poulsen 1979), 1t has been
shown that the mixed lymphocyte reaction (MLR)
lated blast cells d therr d

during the first three hours of interaction with the
stimulating alloantigens In another study (Cohnen
1975) an increase mn the cell diameter of lymphocy-
tes after three to five days of phytohaemagglutinin
(PHA) stimulation was found

® ed as well 1
Fig 2 and 3 Thorotrast® locat
lymphocytes after one hour of tnteraction with targ

294

the manx 25
et cells Fi

A prerequisite for the blast cell to increase its
diameter 1s sufficient amount of building materals
for the cell membrane synthesis These building
materials may solely come from the cell ttself
without increased uptake into the cell, but a larger
1ncrease n cell membrane area requtres a sufficient
uptake from the environments

In an earher study (Brix Poulsen 1979) it was
observed that following MLR-stimulation, the blast
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DO BURSA-DERIVED T CELLS EXIST?

OLLI LASSILA

Department of Medicat Microbiology Turku Unmiversity SF 20520 Turku 52 Finland

Lassia O Do bursa-denved T cells exist” Acta path mucrobiol scand Sect C 87 287-292 1979

In orfder to study the bursal ongin of T cells 13-d chromosomally marked bursa cells were
transplanted 1o 184 chuck embryos treated with cyclophosphamide {CY) Transfer of bursa cells
restored not only the humoral 1mmune funcions but also the MUIOEENIC TESPONSES of pertpheral blood

aganst and A (Con A) Transplanted bursa cells
probiferated primarily 1n the recipients bursa Only 8 out of 209 Con A responsie spleen cells were of
donor ongin but 1o donor-denved cells were observed 1 the thymus These findings suggest that cells
1 the 13-4 embryomc bursa are already committed 1o Whe B il hineage and are not capable of
mugraung 1nto thymus and of developing into mature T cells

Key words Bursa lymphowd differentavon T cells

Ol Lassila Department of Medical Microbsology Turku Uswversity SF 20520 Turku 52 Finland

Recerved 17479 Acoepted 71t 79

The primary lymphoid organs of the chicken
thymus and bursa of Fabricws are colonized by
blood borne stem cells Recently evidence has been
Presented that these stem cells originate primarily in
the early embryo stself 9 10) and not 1n the yolk
sac, as has generally been supposed (13 14) Stem
cells immigratng to the thymic or bursal primordia
Aifferentiate to exther T or B lymphocytes under the
nfluence of the respectve epithelum  During
Maturation the cells become restricted 1o T or B cell
bneage and loose thewr stem cell charactenstics
However u 15 not known at what stage of
develop the cells becor WiheTor
B cell mawrauon

At present there s no direct evidence 1o suggest
that bursal cells are capable of colonizing the
ﬂ:ymus On the basis of results obtained from quail
-~ o [

LeSuiis alh CLLAMA Wiy mus Weight and concanava

ln A (Con A) responses as compared 1o the
untransplanted controls (4 5) Likewise early
bursectomy at 70 hours of incubation results 1n an
ncomplete development of the thymuc cortex (6) In
addition Droege (2) and Zucker et al (26) have
proposed the existence of a bursa-dependent sub-
populauon in the thymus of young chickens These
findings are supported by the demonstraton of
bursa marker posinne cells without any B cell
function 1n the thymus of the chicken until two
weeks of age (7) It has also been suggested that
thymic factors may induce i vitro T cell characten
stics on the bursa cells (1 17}

The potential eustence of bursa-derived T cells
s recertly been stdied by Weber & Alexander (22)
They transplanted chromosomally marked bursa
cells taken at 13 days of incubation into {3-day-old
1rradiated embryonte recipients and used chromo
some analysis of mitogen stimulated cells at 5-12
wks of age 10 study the donor cell contnibution 10
the T cell system of the recipients The results
obtained did not reveal any evidence for the
existence of bursa-derived T cells Comparable
results were also obtained when 19-day embryonic
bursa cells were transferred mto 5-day-old reapt
ents treated with cyclophospharmde (23) Trs
probiem has also been mvestigated 1n the present



bulins and histocompatibility anugens on the
ymphocyte surface (Perkins et al 1972 and Mc
Intyre & Karnovsky 1973)

During the first minutes of interaction with
target cells uptake of vacuole membranes mto
cytoplasma membrane might provide structures to
the outer cell surface from the inner surface of
vacuoles Such structures may be necessary for the
recognition of the target cell in the recognition phase
of cytolysis as described by Golstern & Smuth (1977)
This recognition phase 1s fimshed very quickly
because an electrolyte permeable lesion 1s produced
in the target cell membrane within munutes
following contact with the cytolytic T lymphocytes
(Martz 1976) The vacuoles without Thorotrast®
formed at the onset may then be responsible for
providing structures for the recognition of the target
cell The lysosomes formed later (Brix Poulsen
1979) may be engaged 1n breaking down the content
of the Thorotrast® loaded vacuoles

1f all vacuoles were formed from the cell surface
one would expect an unchanged percentage of
vacuoles contaimng Thorotrast® in the total number
of vacuoles Therefore the decrease n vacules
contatmng Thorotrast® at the onset indicates a
formation of vacuoles from the Golg1 apparatus
because there 1s no Thorotrast® 1n the Golg
apparatus

We are indebted to Dr Morten Moller for review of the
manuscript Mrs Ursufa Rentzmann and Mrs Graznna
Fahn are acknowledged for skilful technical and
photographical assistance W e thank Mrs Asrsten Krogh
and Mrs Agmt Kirchhoff for precision in writing the
manuscript
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TABLE 2 Transplantation of Embryomsc Bursa Cells into CY Treated Chick Embryos Effect on Ant Brucella and
Ann HGG Antibodies

Antibody Normal CY treated Bursa cell transplanted
controls chickens chickens
N=5 &N=7) -8
oM ant Brucefla
o 01270038 013520040 014820048
1° 0650x0285 01150053 042701890
r 075601032 03270044 058920275
1gG-ant Brucefta
0 006320010 00660012 00630019
1o 0250201330 00760018 0166=0059
r 0498401892 00650030 036520 302>
TeM anu HGG
0 019710044 01700031 016420047
s 1115200892 01760059 0833202500
r 11310199 0193+0072 0924201872
146 antt HGG
¢ 01160052 01106021 01060047
r 0947200772 011320043 080601032
r 10090145 01310048 079502502

Measured ag 2 proportion of standard serum by ELISA

1 P<000]
b P<g oy

} 23 compared t0 CY treated chickens
FP<G0s§

TABLES Transptancation of S % 108 18 Day Embryonse Bursa Cels into C¥ Treated

Embryosa Effect on Mitogenic
Responises of Perspherat Blood Lymphocytes

::gi of Muitogen Normal CY wreated Bursa cell transplanteds
" Sxens contsols chickens chickens
(wks) (N-8) N-8) ~N=6
s - 227273 19553 1332112
PHA 59936+ 153124 30655+ 8937 49311 = 15157¢
ConA 32737299534 12386 8712 30764 105034
- 3072105 295151 235275
A PHA $0844 £ 113550 28878+ 5307 47493 2 164354
Con A 40426 = 81734 201139785 43166 % 123054
- 151£32 236£78 ND
1 PHA 47603 = 163454 2519427932 ND
Con A 46253+ 70034 18693 11339 ND
* 150 mg/embryo/day on 1
> Onday 18 of mespep 9295 15 16304 17 days of incubation

¢ Mean=SD are given
4P <005 as compared to CY treated Fontrols



study over the past two years The observations
made by Weber were confirmed and extended by
using CYtreated chicken embryos (3) as cell
secipients, as well as by applymg functional
parameters to measure T cell mediated immumty
In thus model, the bursa 1s depleted from ster cells
more completely than after X-irradiation, and the
potential donor cell contribution mught be more
casily detectable

MATERIAL AND METHODS

Chickens White Leghorn Line P chickens from our own

were bled 7 days after the first stimulauon and § days
after the second sumulaton IgM and IgG antibodies
agamnst HGG and Bruceilg were quantfted by enzyme
hinked 1mmunosorbent assay (ELISA) as a modificaon
of a RIA described previously {2))

Lyniphocyte response to muogens The responses of
penpheral blood lymphocytes against pl
mn (PHA}and Cun A were determined by awhole blood
mucroassay (({) Cullures were performed 1n triplicate

Chromosome analisis At the age of SIX weeks the
chickens were weighed, killed with ether and autopsied
The bursa and spleen of the chickens were weighed Only
female birds were processed further Cell suspensions
l‘rom thymus, bursa and spleen were prepared for
analysis as described above From bursa

colonies were used This hne s h for the
major histocompatibility Jocus genotype B2B2

CY treatment CY treatment was carried Gut as
described earlrer {3} CY was myected intravenously on
three consecutive days, begmmng on day 15 of
tncubation  The dafy dose was 150 mg/G1 ml/
embryo

Bursa celts 18-day-old histocompatble male embryos
were used as donors for bursa cells Bursas were
Qussected and cut with sassors o small pieces m
medium TC 199 (Grion, Helsinky, Finfand) The medium
was with 100 U/rl,

calls, direct chiromosome preparations were mads by
wwicubating bursa cells with demecolehicine (Colcemde
Fluka, Switzerland) for three hours (15) In erder to
study T cells sel ly, from
thymus and spleen cells were made antr symulation
with Con A (18} The cells were cultured for 48 hoursin
serum free medium (RPMI 1640 Grand Jsland Biologt
cal Company, Grand Island New York) with opumal
dose of Con A (1 3 pg/ml, Pharmacia Fine Chemucals
Uppsala. Sweden) Ta block the cells tnio Metaphases
® was added for the last three hours of

streptomyctn 100 pg/mi) and heparin (§ U/ml) The
bursal tissue was homagemized 1n Tenbroeck-type tissue
grinders To remove the cell clusters and debnis, the cell
suspensions were allowed to settle for 10 minutes, after

mcubauon Control cultures were performed in the same
way but without mitogen stmulation Chromosomes
were prepared, usmg a hypotomc KCHHDD?S MY

solution fited three times with glactal aceue acd)
11 3) C were stamed

which the supernatant was colfected and the p
repeated The cells tn the supernatant were washed twice
with the medium The celld were adjusted ta a
concentration of §x 107 cells/ml and 01 mi of this
bursa cell susp: was injected y on day
18 of incubation

e 3 8 an

wyected intrapentoneally at the age of 4 weeks The birds

with 5% Giemsa (Fluga, Suszestsnd)
Stanstes  Students #test was emploved i she
comparison of means

RESULTS

The capacity to restor¢ the humoral immune
functions of the CY-treated chicken embryos by

TABLE | Transplantasion of $ % 105 {8-Day Embryomc Bursa Cells into CY~Treated Embryos? £ffect on Bods ond
Organ Weightst

cv Celi No of Body weight Bursa Spleen
treatment trapsfer¢ chickens 73] weignid weightd
= - 10 402257 3532 70¢ pREETEL
¥ - 10 3255 52220 172258
M M 1 185 %67 284259 224630

| 50 mg/embryo/day ondays 15, 16 and 17 of mcubation

b Measured at the age of s1% weeks, mean # SD are given
¢ Onday |8 of incubation
4 Mg/100 g of body werght
¢ P<000) 1s
ed to CY-treated contr©!
£ P<00S } as compart



TABLE 2 Transplantation of Embryonic Bursa Cells into CY Treated Chick Embnyos Effect on Anci Brucelia and
Antt HGG Antiboches

Anubody MNormal CY treated Bursa cel! transplanted
coatrols chickens chickens
(N-5) N=T) N=8)
1gM anty Brucefla
0 01270038 013520040 01480048
1° 0650=0 285+ 011520053 042720189
2 0756201032 01270044 058920275
1¢G-anty Brucella
0 00630010 006620012 006320019
10 02500133 007620018 016620059
r 049820 1892 0065£0030 036503020
M anu HGG
0 01970044 01700031 016420047
1 1115200892 01760059 088302500
» 113120199 019820072 0924201872
I¢G 200 HGG
0 01160052 011020021 01060047
© 094700772 011320043 08060103
r 10090 145 013120043 079502500

Measured as a proportion of standard serum by ELISA

* P<0 001

S P<o0l } ascompared 1o CY treated chuckens
£ P<005

TABLE3 Transplantation of 5 x 105 18 Day Embryonic Bursa Cells nto CY Treated Emb,

o
Responses of Perspheral Blood nose Effect on Mitogen ¢

Lymphocyies
Ageof Mitogen Normat CY treared Bui
rsa el transplantedn
chickens controls chickens :hu:kensp .
(wks) N-g) N=8) ™~ 6
- N1=73 19553
1332112
5 ::l:;\A i;:igtlﬂlld 3065528937 49311+ 15157¢
*9953¢ 12386 28712 30764 £ 105034
- 307 x 105 295 §5
1 23575
7 PHA 508442 (13550 2
8878 = 5307 47493 £ 164354
ConA 40426281734 2011329785 43166 = 123526
151237 23
PHA 6278 ND
1 i 47603 = 163450 2519427942

46253 £ 70030 1 Np

8693x 11339 ND
bryo/day on the da;
1 50 mg/embryo/day > ys 15 $6and l7dzyso{|ncubzum,

® On day 18 of 1ncubato
¢ Meant SD are given
4 P < 005as compared 0 CY trearey controls



TABLE 4 Chromosome Analyses of Bursa Thymus and Spleen Cells of 6-Week-01d Female Birdsa Transplanted on

Day 18 of Incubation with 5 X 106 Bursa Cells from 18-D Male Embryos For the Bursa, Direct Anahsis of

Unstimulated Cells Was Applied Tlymus and Spleen Cells Were Stmulated with Con A Before the Chromosome
Analysis Unstimulated Cultures Represent the Background

Organ Mitogen No of chickens No of cells analyzed % donor cells
o Q
Bursa - 7 120 64 652
Thymus Con A 8 0 170 0o
- 7 0 48 00
Spleen
Con A 7 8 201 32
a Treated with CY (1 50 mg/embryo/dayYondays 15 16 and 17 incubation
DISCUSSION

transplantation of 18-d embryonic bursa cells was
assessed by determinming the weght of the bursa and
spleen as well as the production of anuibody to HGG
and Brucella The effects of CY given in ovo were
similar to those described previously (3-5) Transfer
of 18-d embryonic bursa cells induced a sigmficant
ncrease 1n the gam 1n the relative weight of bursa
and spleen (Table 1) Likewise the specific IgM and
1gG class antibody production against HGG and
Brucella was restored to 2 normal level (Table 2)
These findings indscate that B cell functions were
well restored by transplantation of the bursa cells
As regards T cell functions, the effect of CY on the
PHA and Con A responses of peripheral blood
lymphocytes was studied at 5, 7 and 11 weeks after
hatching (Table 3) Both responses were signifi-
cantly (P < 005) decreased in the CY-treated
chickens of all age groups Transplantation of 18-
day embryonic bursa cells restored these responses
to the normal level (Table 3)

Migration and differentiation of bursa cells was
assessed by chromosome analysis of bursa, thymus
and spleen cells of 6-week-old cell rectpients The
results given 1n Table 4 show that the transplanted
embryonic bursa cells had homed and proliferated
1n the bursa The mean percentage of dividing donor
cells i the bursas of the seven reciprents was 65 %
thus showing that the majority of the bursa cells
were of donor ongmn though cells of host-derived
were also present In contrast, Con A responsive T
cells 1n the thymus remained exclusively of the host
ongin, no cells of the opposite €T were detected In
the spleen, 8 metaphases out of 209 Con A
responsive T cells were opposite Sex No cells of
opposite sex were observed in the unstimulated

control cultures

290

According to the chromosome analysis presented, It
would seem that 18-d embryonic bursa cells which
are capable of a functional reconstitution of the B
cell system do not contain T cell precursors No
clear evidence was obtaned that embryonic bursa
cells could differentiate nto functional Con A
responsive T cells Only a few Con A responsne
spleen cells were of opposite sex, but no such cells
were observed 1n the thymus Those few metapha-
ses of opposite Sex may fepresent spontancous
donor cell proliferation 1n the spleen

The results of this study extend and confirm the
previous findings by Weber & Alexander (22) They
also fatled to demonstrate the mflux of donor cells
from 13-14-d embryontc bursa into the thymus
and their differentiation nto functional T cells All
these data suggest that embryonic bursa cells are al+
ready restricted to the B cell development and have
lost their capacity to mugrate mnto the thymus and
develop mto mature T cells It s possible that stemt
cells are commutted for the B cell line already before
entering the bursa as suggested by Heber &
Mausner (24) on the basis of results obtatned by
transplanting embryonic bone marrow cells 1nto
srradiated chicken embryos

On the other hand Jotercau
Le Douarn ¢t al (12) have observed that 1d
embryonic quail bursa contans cells capable of
colomzing 6-d embryonic thymus, which s then
attractive for stem cells On this basts 1t seems
probable that 1n the early stages of bursal different-
ation the bursa cells have the ability to differentiate
T cells At that stage, bursa may harbour
which nught also explain

& Houssant (8) and

mto
pluripotential stem cells,
the 1nduction of '



factors on embryonsc bursa cells (1) However these
findings do pot ndicate that migration of bursa cells
to the thymus s 2 p 1 i sifice
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TABLE 4 Chromosome Analyses of Bursa Thyvmus and S
pleen Cells of 6-Week-0ld Female Birdsa Transpl.
2:1) 18 of Incubation with 5 X 106 Bursa Cells from 18-D Male Embryos For the Bursa D:r:rl Arn:;'»’:ionnf
nstimulated Cells Was Applied Thymus and Spleen Cells Were Stimulated with Con A Before the Chromosome
Analysis Unstumulated Cultures Represent the Bachground

Organ Mitogen No of chickens No of cells analyzed % donor cells
o )
Bursa - 7 120 64 652
Thymus Con A 8 0 170 00
- 7 0 43
Spleen { o
Con A 7 8 201 32
2 Treated with CY (1 $0 mg/embryo/day) on days 15, 16 and 17 incubation
DISCUSSION

transplantation of [8-d embryonic bursa cells was
assessed by deternuning the weight of the bursa and
spleen as well as the production of antibody to HGG
and Brucella The effects of CY given m ov0 were
simular to those described previously (3—5) Transfer
of 18-d embryonic bursa cells induced a sigmficant
ncrease 1n the gawn in the relative weight of bursa
and spleen (Table 1) Likewise the specific IgM and
1gG class antibody productron aganst HGG and
Brucella was restored to a normal level (Table 2)
These findings indicate that B cell functions were
well restored by transplantation of the bursa cells
As regards T cell functions the effect of CY on the
PHA and Con A responses of peripheral blood
Iymphocytes was studied at 5, 7 and 11 weeks after
hatching (Table 3) Both responses were signifi-
cantly (P < 005) decreased n the CY-treated
chickens of all age groups Transplantauon of 18-
day embryonic bursa cells restored these responises
to the normal level (Table 3)

Migration and differentiation of bursa cells was
assessed by chromosome analysis of bursa, thymus
and spleen cells of 6-weeh-old cell recipients The
results given n Table 4 show that the transplanted
embryonic bursa cells had homed and prohferated
1n the bursa The mean pereentage of dividing donor
cells 1n the bursas of the seven recipients was 65%
thus showing that the majoruty of the bursa cells
were of donor ongmn though cells of host-derived
were also present In contrast Con A responsive T
cells 1n the thymus remained exclusnely of the host
no cells of the opposite sex were detected In
the spleen § metaphases out of 209 Con A
responsnne T cells were opposite sex No eells of
opposite sex were observed 1n the unstimulated

control cultures

ongn

~an

According to the chromosome analysis presented 1t
would seem that 18-d embryonic bursa cells which
are capable of a functional reconstitution of the B
cell system do not contain T cell precursors No
clear evidence was obtained that embryome bursa
cells could differentiate wmto funcuonal Con A
responsive T cells Only a few Con A responsie
spleen cells were of opposite sex, but no such cefls
were observed mn the thymus Those few metapha
ses of opposite Sex may represent spontancous
donor cell proliferation n the spleen

The results of this study extend and confirm the
previous findings by Weber& Alerander (22) They
also farled to demonstrate the mflux of donor celis
from 13-14-d embryonic bursa into the thymus
and their differentiation into functionat T cells Alt
these data suggest that embryonic bursa cells are al
ready restricted to the B cell development and have
fost their capacity to mugrate mnto the thymus and
develop 1nto mature T cells ILs possible that stem
cells are comnutted for the B cell line already before
entering the bursa as suggested by Weber &
Mausner (24) on the basis of results obtained by
transplanting embryonic bore marrow cells 1nto
irradiated chicken embryos

On the other hand Joterean & Houssan! (8)and
Le Douarn et al {12) hune ohserned that 11-d
embryonic quail bursa contans cells capable of
colonizing 6-d embryonic thymus which 1s then
attractive for stem cells On this basis 1t seems
probable that 1n the carly stages of bursal differents-
ation the bursa cells have the ability to differentiate
mto T cells At that stage bursa may harbour
plunpolcn!lal stem cells which might also explain
the duction of T cell charactersstics by thymic



factors on embryoruc bursa cells (1) However these
findings do ot indicate that migration of bursa cells
to the thymus s 2. since
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DIRECT EFFECTS OF CORYNEBACTERIUM PARVUM
AND BCG ON HUMAN MONOCYTE-MEDIATED
TUMOUR CELL CYTOSTASIS IN VITRO

JENS HAMMERSTROM

Unversity of Trondheim Department of Medicine Section for Hazmatology and Immunology
Trondheim Norway

Hammerstrom § Direct effects of Corynebacterium parum and BCG on human monocyte mediated
tumour ¢ell cytostasts i vira Acts path mucroblol scand Sect C 87 293-300 1979

Four strams of Cornebacterium parvum {Cpd and BCG mduced fow Jevels of cywostauc abibny 10 2
human twmour cell fine 1n human monocytes when added directly to convenuonal monocyte cultures
The eytostauc abiity induced by mediators from autologous lymphocytes sumulated with the same
agents was greater than that produced by direct addivon to monocytes BCG was more efficiens 1n
sumulatrng DNA h kine release than any of the Cp strans tesied In

Y and
order to test the influence of contaminating adherent lymphocytes on the direct induction of cytostasis
monocyte cultures of > 99 9% purily were prepared by adherence punificauon Cp induced fow levels
of cytostatic ability in such highly purified monocytes when added directly to the monocytes Addition
of BCG and Candida afb cans had an adverse effect on the cytostatic abibity of punfied monocytes A
morphological swdy of Cp snteracuon with punified monocytes was performed Cp but not BCG
Wwould seem (0 be able to induce low levels of cytostanc abifity 1n human monocyles Without
lymphocyte cooperation Human monocyte activation by the more effective lymphokine pathway s
more efficiently triggered 1 vivo by BCG than by Cp
Key words Monocytes human Coryacbacteryum parsum BCG lymphokines cytostasis

Jets Hammerstram  Trondheim Regional Hospiad Dept of Medaine N 7000 Trondhem Norway

A
":\tvwdassubmmed“;" regression can be induced 1n T-cell-depleted or
n ulllempls [ recru;l t: e h athyoue nude muice by Cp (12 18 D)
e eradication of human cancer by means of and tumouncidal macrophages can be recovered
n?:speflﬁc acuve 1mmunotherapy have met with  from the pernoneurn of such mee (2) BCG can atsa.
. induce tumour regression 10 nude mice (17) Jn

Vira Cnoad e —n

sl 55 15 RIOWI 4U0UL 10 effect of these agents :

01 human monocytes and macrophages We have :

o .

walls added to gumea pig macrophage cultues
increase membrane incorporation of "C-glucosa
mune i the cells (13) Several problems compticate
. the interpretation of such data Both Cp and BCG
<an actwaile B-cells 423 19) which i wrn are
mp:b]e of lymphokine synthesis (22) and ths
A pattiway may be responsible for the macro,
cytatoue (o tumour cells by Cp mdq wb yalony  aapreuan and wmout regression observed m'{“).h;fle
G amout lymphompe PSSy Alsoby  deficient mice In 1 ys1r0 experiments the
ooperation Tumour  of a small percentage of adheren xymph;r;:"f:
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TABLE | Effect of D rect Add tion of Cp (CN 6966) ta Monocy tes on Monot te mediated Ctosiasis

Lymphocytea?
M. culture tme  Monocyte  Cpm in target cells as. a »
z:mp addwon weatment % of target cell control contamenation
HS M 108441 0 i3
3days C 6966 858257 189 £ 30 <0004
HS M $562 105 04n
7days CN 6966 429290 204289 <0004
Mean = SEM
6= 20a3dys o= Bat?days

SHANAE - negative celis

dose response curves shown 1n Fig 1 obtained n
parallel experiments with monocytes from two
donors At SO pg/mi and higher doses considerable
cell clumping and some detachment were observed
All further experiments were performed with 5 yg/
ml CN 6966 did not induce significant DNA
synthesss 1n the monocyte monolayers exther 24 or
72 hours after addition of Cp (data not shown)

Companison of Four Cp Strains and BCG i
Induct an of Mow . -

UMIL At dUerd By Wmnbgymenn — A '

4ities of Cp have been described 1n animal
expertments (14) a protocol was designed 1n which

the effects of four Cp strawos and BCG could be
compared
The it e .

L Lltoyte mediated cytostatic acvity induced by

All (p strams induced e;
direct addition to monocytes
CN 5888 which1s largely i
systems induced a slightly
6965 and CN 5936 (p <
1t shoutd be noted tha
cOmparahle 1n ha v
availat - -
and pr

nhanced cytostasis by
(Fig 2 grey columns)
nachve in ammal in vn g
lower response than CN
0063) as did also BCG
SN 6134 13 not directly

Lymphokine supernatants of aut
cytes stumulated by the same ag!
columns) were significantly {p
effective i promoung monocyte

tologous lympho-
ents (Fig 2 open
< 0031} more
Cytostaue actwuy

The difference between the CI produced by direct
addiion to monocytes and that produced by
lymphokines was greatest for BCG the poorest
durect sumulant and least for CN $936 the best
direct stmulant BCG induction of lymphokine
release from human lymphocytes was clearly
superior to all Cp strams {p = 0031}

DNA synthests in Lymphocytes Stmulated with
Four Cp Strains and BCG

Lymphocyte 3 methy! TdR incorporation in re
sponse 1o the four Cp strains and BCG was tested 1n

) 0005 005 o5 3 50

CN 6965 CONCENTRATION vomt

#g 1 Dose response relationship of the evtosa » mtss

)

4 sl x Were added o
SD of tplicate euty ey 4

Mean x
wres



conventional mononuclear phagocyte cultyres
makes 1t difficult to ascribe effects produceq by
durect addition of agents to such cultures to a dyrect
action on mononuclear phagocytes, unless lympho-
Ccyte contribution can be ruled out by approprjate
controls

This study reports the results of experiments
designed to investigate whether Cp and BCG can
enhance the cytostatic abisty of human monocytes
tn vitro without lymphocyte cooperation and 1o
compare the efficiency of four Cp strains and BCG
m human monocyte activation

MATERIALS AND METHODS

Human monocytes were separated from defibringted
venows blood of kezlthy Purquet positie 1olmtoers vy
Ficoll/Isopagque centrifugation and plastic adherence ag
described 1n (6) and (7) Monocyte monolayers consisted
of > 90% monocytes at the start of culture 5
determined by phagocytosis of Candida albieans (6) 4

naphty! esterase staining (ANAE) (8) and phase contragt
mucroscopy All cells were cultured in RPM1 1640 (Gyp

co Bio Cult Glasgow Scotland) supplemented wth
25% pooled human AB Rh + serum 01 mM |

glutamine and 40 pg gentamycn per ml (HS M)
Monocytes were cultured 1n 24 well ussue culture plages
{Costar 3524 Costar Cambnidge Mass USA well gi7¢
178 x 16 mm)in 05 m HS M

Human lymphocytes The non adherent cells aspirased
after 90 min incubation of mononuclear blood celis on
plasuc were adjusted to 106 cells/ml and cultured a5
described 1n (7) Supernatants for lymphokine exper
ments were harvested after 3 days of lymphocyte culture
as described 1n (7) DNA synthesis an lymphocyte
cultures was assayed after § days of lymphocyte cultyre
as described 1 (7)

Corynebactersum parvum Strains CN 5888 CN 6966
and CN 5936 were supplied by Dr C Adlam Wellcome
Research Laboratortes Kent England and cuftured apd
supplied as a freeze dried preparation by Dr A Dalen
Dept of M y U y of Trondheim
Freeze dried Cp was killed by UV irradianion suspended
1n RPMI 1640 at | mg/ml dry weight and stored at —2p°
C Strain CN 6134 (Coparvax Wellcome lot BA 4049)
was obtained 1n formalin kifled form washed 3X n
09% NaCl to remove the thiomersal preservative
freeze dried and suspended and stored 1n the same Way as
the other strains Lymphocyte sumufation was perfor
med with 2 5 pg Cp/mi which 1s the opumal dose (7)
BCG was obtamned as 2 freeze dried hive vaccine fram
Statens Serumunstitut Copenhagen Denmark  One
ampoule was suspended n 2 5 ml Sautons medium and
40 4l of this suspension which contams about 19s
baclli was chosen as | standard umit (I sd)
Lymphocyte sumulation was performed throughout
with | std /m] which ts the opumal dose (21)

Landde alheans was supplied as 2 heat hlled
preparaton from Dept of Microbiology University of

294

Trondherm washed 6 X 1 1sotomc saline and stored at -
20°C

Addition of Cp BCG Candida atbicans and fy mplogyte
supernatanis to monocyte cultures Monocyte cultures
were shaken vigorously the medum with nonadserent
cells was aspirated and 0 25 m] fresh HS M was dded
Cp BCG or Candida diluted to twice the desired
concentration 1 025 ml HS M or 025 m! filtered
lymphocyte supernatants was then added and the
cultures were incubatea for 24 hours before assay

Assay for monocyte mediated cytostasis The uman
cell e NHIK 3025 onginating from a carctnoma m
situ of the cervix (16) was used as target celly as
described 1n (7) The medium was aspirated from
monocytes after the plate was shaken and 104 target cells
were added 1n 0 5 ml fresh HS M resulung 1n effector/
target ratios of approximately 101 Target cell DNA
synthests was determined by adding 1 pCi methyl 3H
TdR (Sp act 5 uCi/mM  Radiochemcal Centre
Amersham England) for the last 5 hours of a 24 tour
coculture period and harvesting the cuftures as described
n (6) The results are expressed as cytostatic index (CD
which describes the enhancement 1 monocyte mediated
cytostasts produced by the treatment relauve to the
cytostatre effect of monocytes cultured m HS M

cpm (treated monocytes + NHIK 3025}
cpm {untreated monocytes + NHIK 3023)

Cl=100-

Cpm 1n monocytes alone was not subtracted as this did
not exceed 5% of cpm 1n targer cells cultured alone
Target cell cpm in controls without monocytes was
57731 % 2660 (mean = SEM of all eweriments
ncluded)

In some experiments the results are also given as cpm
1n target cells cultured with monocytes as 4 of cpm in
target cells cultured m medium alone

cpm {monocytes + NHIK 3025) .
cpm (NHIK 3025}

Stansties The figures given are mean % SEM ot n
expertments performed 1n triplcate P values were
obtamned by Wilcoxon s signed rank test

100

RESULTS

Effects of Direct Adduion of CN 6966 on Monocyte
mediated Cytostasis

Direct addition of CN 6966 to monocytes 24
hours before target cell addion induced cytostatic
ability 1n monocytes cultured for 3 or 7days m viiro
before treatment (Table [) Allowmg a 72 hour
induction period by adding CN 6966 at day 1 of
monocyte culture resulted 1n vanable and generally
Jow levels of cytostatic enhancement (data not
shown)

The cytostatic acuvity induced varted conside
rably between the cell donors as exemtpilied by the



TABLE 4 Punification Procedure to

Obrain Highly Puniied 99 9%) Monocytes

V: Trypsin
Time of Shaking + W ast‘\;‘ng \edm “m n
M aspiration of Wi change
C\‘:l:\‘:cm nwon adherent cells RPMI 1640 025%, 5 min)
P aun 4% 3Ix 1x -
¥ - E :
Day3 x -
Dayd4 4x 2x 1 x 1>
Day? 1% - 1%

produced 25 esumated by direct MICTOSCOPY.
phagocytosss of Candida albicans and ANAE-
samng The cells were 99% viable as determined
by trypan blue exclusion but the number of
adherent cells at the tme of actvation was only
ot 20% of the vatue a1 stan of culture, thus
Indicating that a rather large number of monocytes
15 also removed by this protocol Direct Cp addsuon
o these tughly purified monocytes produced some
enchancement of cytostasis while BCG reduced it
a2 expeniments {Fig 3) Candida phagocyrosss
also produced an adverse effect Dose response
experiments with these hughly punfied monocyte
cultures indicared an optimal Cp dose of $-25 pgf
mi fower doses gave inconsistent results and higher
doses oell detachiment and death BCG 1n doses from
1/100 514 10 10 std always produced 1mpairment
of mwonocyte mediated cytostasis Which increased
with dosage and was accompanid by some cell

TABLE § Lach of Cytostanc Acinity of Supernatants of

Monocy e Cultures Treated with Cp BCG or Candida

Cpm in target cells as

Monocyle reat@ent o "of target cell conirol

HS M 1139290
N 5883 1154 = 80
CN 5936 1186276

BCG i3 =34
Candida 121737

Highly punfied monocyies Cp BCG of Candula added
on day 7 Fresh HS M added on day 8 Manocyte
supernatants coflected on day 9 and 05 mi of oell free
supernatant added to target cells freshly plated in 0 1 mi
$1S-M Target cell DNA synthess assayed after 24 hour
exposire to moriocyte supernatanis

Mean £ SEM n =3

0

B SN, PO AN
Fig 3 Cywsauc index (€ induced o
> 99 9%) monocy1e cultures by
Cp stramns 8 pg/ml) BCG (2
albicans (2 x 106/mi) on day
Target cells were added on day
3 *p < 0031 as compared

Th N
sass  g96e
n bighly punified
¥ direct addition of four
std /ml) and Candidg
7 of monocyte cutteee
8 Mean 2 SEV § =
to untreated monocytes

at the highest dose level Supernatants
of ireated or unireated monocytes enhanced target
cell profiferation m all experiments {Table 5)

Morphalogical Studies

Highly purfied monocytes (Fig 4a) ingested
Candida atbicans quickly and avidly (Fig 4b) while
Cp was bound more slowly 10 the cells Many
unbound organisms could be seen floating freely
berween the cells 15 minwes (Fig 4c) aftes addwon
of Cp In hve preparations ofganisms were
observed to touch the cell membrane without
attaching However the number of unbound Cp
dunmnished greatly during 24 hours Cp attachment
oocuered yitially mamly i the penphery of the cell
{Fig 44} After 24 hours orgamsms could o
longer be seen 1n the celis and there was some

‘Vvacuolisation in the perinuclear area ndicating that
the attarhad

€
]
<



TABLE 2 Classificanion and Actnity i Ammal Experiments G 4 14) of the Cp strans Employed

Wellcome classification CN 6134 CN 5936 CN 5388 CN 6966
Johnson and Cummuns pa

Classificatton (10) acnes | P acnes il P granulosum P aviduml
National coflection of

type cultures NCTC 10390 10387

Antitumour activity

m vivo (mouse) + a9 + (4 - a4

Increase in spleen

weight (mouse) + a9 U9 - ua +@
Macrophage activation

1 vivo (mouse PEC) +Q4) + 4 =(14)

Direct macrophage

actvation i viro +13) +1{3)

(mouse PEC)

) Propronobacterium

lymphocytes from the experiments shown n Fig 2
All Cp strans induced lymphocyte DNA synthesis
(Table 3} CN 5936 induced a significantly greater
response than the other Cp strams and BCG was
superior to all Cp strains CN 5888 was almost as
effective as the other »active« Cp strains

cx

50 ﬁ

401

3o}

2o}

10

‘_L\ 1 1]

BCG

NS CN CcN
6134 5936

induced 1 monocyte
5 pg/mt or BCG 1 std /
autologous lymphocytes
or BCG 1 std /ml ()

CN CN
5888 4966
Fig 2 Cytostauic ndex (€D
cultures by direct addition of Cp
ml (M) or by supernatants of
sumulated with Cp 2 5 pg/ml
NS indicates supernatants of non stimulated lymphocy
tes All monocyte treatments Wwere tested 1n par allel
experiments on day 3 of monocyte culture in Stx Separate
experiments In tr phicate Mean = SEM
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Influence of Lymphocyte Depletion on Direct Actna
tion of Monocy tes

The monocyte cultures used 1n the experiments
described above contaned 26 % adherent lympho
cytes at the tme of Cp or BCG addition at day 3
Lymphocyte adherence to plastic which 1s trypsin
sensttive 1n contrast to monocyte adherence decrea
ses after a few days wm culture and almost all
lymphocytes become detached after one week m
unstimulated cultures These characteristics were
used for further punfication of monocytes By
utilizing the combnation of prolonged culture
washing  aspiration of non adherent cells and
trypsin treatment given In Table 4 monocyte
cultures with less than O 1% lymphocytes were

TABLE 3 Metini $H TdR fncorporation i Lymphooites
Stmulated with Four Cp Strains and BCG

Lymphocyte stimulation Cpm
None 19732 713
CN 5888 48303 £ 7448
CN 6966 53279 = 6138
CN6134 51257 8072
CN 5936 68761 = 88764
BCG 85999 = 10011"

25 yg/m! Cp or 1 std /ml BCG was added at start of
cutture and methyl SH TdR ncorporation was assayed
on day 5 of lymphocyte culture Mean 2 SEM = 6

0 016 as compared to other Cp strains

a2 p=
; 5888 and CN 6966

B p<005as compared to CN



membrane ruffing and a tendency to cluster
formaton (Fig 4¢)

DISCUSSION

However they do remave a relatively large fraction
of ANAE+ phagocyuc cells together with the
lymphocytes  The diminished response to Cp
obtamed 1 the highly punfied populauons may
thus be due partly to Jower effector cell density 1n
the punfied cultures or 1o the removal of a less

P f human I
to Cp or BCG mduced a modest enhancement of
eytostatic activity This occurred both with relatt
vely d 3-day old which

adherent Y capatle of re
sponding to Cp with higher cytostauic ability than
the remasning cells The latter hypothests was not

without treatment are not cytostatic 1n this protocol
and with differentiated 7-day old cells which by
themselves are cytostatc This is 1n accordance with
results obtaed with ol induced mouse peritoneal
macrophages (3) These like human monocytes
could also be acvated wdicectly« by CN 5888
which 15 1nactive #7 vio m the mouse (14)

The problem of residual 2dherent lymphocytes
mediaung such effects has not recewved sufficient
altention 1 many reports concerming »direct ¢ in
wtro actvation of macrophages Since i every
stance lymphokine nich supernatants of sumula
ted autologous lymphocytes snduced higher levels of
Cytostatic ability 1n the monocytes than the direct
addiion of the same agent to the monocytes
fymphokine release from adherent ly

pported by the control experiments performed
The cells removed by the trypsin step 2t day 4 were
collected plated m new wells and purified (95 7%
ANAE + cells) by washing Cp snduced about the
same levels of cytostatic enhancement In these
cultures as in parallel highly punfied cultures
Earlter experiments with ‘varymg effector/target
cell ratios (20) indicate that the reduced response of
purified monocytes to Cp 15 not explained by the
tower effector/target cell ratios wn the punfied
cultures

1t would thus seem that actyvation of cytostatic
ability 16 human monocytes by Cp 15 effected
marnly by monocyte actvating lymphokenes relea
sed from lymphocytes sttmulated with Cp although
1n additon Cp 15 able to mduce low level cytostatic

fught be responsible for the actvatton induced by
the latter procedure

Viable monocyte monolayers of igh puniy were
produced by a carefu] 1iming of washing aspiration
and trypsin treatment procedures duning the first
week of monocyte culture In these cultures CN
6966 CN 6134 and CN 5936 still induced some
enhancement of cytostatic activity thus mdicating
that »acuve « Cp strams may promote monocyte
mediated tumour cell nhibition directly without
Iymphocyte cooperation The cytostatc activity was
not mediated by stable supernatant factors teleased
from monocytes The actvation produced by BCG
addivon 10 conventional monocyle culinres 1S
probably mediated by contammating lymphocytes
smee BCG conswstently teduced the cytostatic
actvity of highly punified monocytes

Phagocytosis has been reported to induce release
of unstable or serum inhibited mediators from
onoruclear phagocytes with possible potential for
inhibitory action on tsmour cells such as superox
ide anton (11) prosiaglandins (9) and lysosomal
enzymes {5) The abservation that BCG or Candida
Phagocytosis had an adverse effect on monocyte
mediated cytostasis indicates that metabolic ar
secretory events related to phagocytosis and break
down of ingested matersal are not unpottant per se

The punfication procedures employed 1 this
study are dehiberately simple n rder 10 tnsyre
mmmal interference with  monocyte function

abthty 1n without coopera
uon BCG wm optimal doses 15 supersor to Cp as an
inducer of lymphocyte proliferaton and lympho-
Kkine release This may of course e related 1o the
immunization status of the donor populauon BCG
does not seem to be able to activate human
tocy without

Y coope
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xchmque Afbumun was detected 10 all the eluates 136 IgA €3 of haptoglobin were datected 1n
of the malignant and some of the normat msues C b

most

anugen By s

anlitrypsin of a1 angchyMmotrypsin were detected 1n some of the eluates of the malignam nssues enly
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Elustes of human malignalt tissue obtaned
usne differing tachn o o

(v}

ke L wa 47 L4Ve 210 been
detected We have previously shown (14} that
eluates made at 37 45 and 56 C of 13
‘bomogenred hursan mahignAnt tssue samples
contait larger amount of IgG than elates of
Zgrmat tssve and App: y 2 of the

MATERIALS AND METHODS

Extracts end Eluates

Euxtraces and heat efuates of 2 Gbrosarcomas 11
carcimomas fom the colon breast bronchus Ovdry
endometnUm cervix and bladdes of which 3 wcluded
both primary and secondary deposits and a total of 17
warious netmal nssues were the same as used previously
having been stored at —25° C {12 14) The Lssue had
betn obraimed at autopsies and had been genily Megced
with scissors homogenized for | min in a Senalt Opm

Contamed noft !

Mier and 2t 20000 x g for 20 mun The

¥

%G whereas 2 other caranomas containad both
speafically and non specifically bound 1gG In the
Sxpenients presented here 11t same eluares were
weesugated for the presence of other serum
Protes and by campanng the rato of the
Soncestrabon of atbumin 1o the cancentratign of
WG 10 extracts and etuates evidenog was htawed
tbat nion specifically bound 156 was present 151 21t
normal ussues and also 1n 3 fifth

berieath ihe Lipsd layer was called the exteact
Three grams of wet tissue sediment was resusbended 1n
PBS and placed berwean glass fibre filters and glass wool
in A short glass column The nssue seiment was
washed at +4° C and eluted at 37 45 and 362 C
w;{esnvdy 1t a contmugus upward flow of PBRS by
ibimors & wn

WU uR

iere %23 1o loss of protetns
during Te
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TABLE | Some of the Prateins Idennified in the 56° € Etuate of Human Aal griant and MNormat Tt

fuates of nssue

Anuserum 1o

Hapto-  Anuchymo

&=
Ed

Carcinoma of
A uncertan onigin
the cofon
he bronchus
»

R

»
the breast

»
the ovary

the cervix

the endometrium
the bladder

T QM OO
e
'

FOFER N

Anu
wypsin

Broucro

globin trypsin gobutin

R
Ve e el

e+ e et

)
t

O N

P
|

Fibrosarcoma
L

M

+
¥

Norma) organs
Laver
Spleen
Muscle
1ung
Stomach.
Rudney?

4t
PO

RN
'

2Kidney from imdividuals aged $0-60 years.
*  present
- ~not gresent

precypiiation hines appeared mostly when the 56° €
eluate was used and nione of the lines found w the
37° C and the 45° C eluates wese absent 1 the 56°
Celuates One of the hines cofresponded to IgG and
one to albummn both dentfied using specfic
anuserym 1n an intermeduate get Eluates of normal
idney from young yndividuals {9ged 20 to 30 years}
and eluates of normal spleen and bver feam
wndividuals of various ages taged 20 to 6D years)
displayed only one line corresponding 10 albymn
Eifvates of norma) kidney from older individuals
faged 40 to ©0 years) and eluates of normal
stomach lung and muscle from sndividuals of
various ages displayed 310 8 ines corresponding ta
these obtained using etuates of malignant fissve
CIE of extracts or eluates of malignant nssue
aganst anuserum o Yumour hacmagglunmns
showed 1 or 2 precipitation lines corresponding to
he hines formed by Jg0 2nd 1A Simuar results

Were obtamed using exracts of ejuates of normal
nsue

Preapitation n Agar

The followmg results were ohtained using the
double diffusion test 1 agar of eluates aganst
differyng anusera to human proteins  Albumin was
found n alf efuates None of the eluates of normal
kidney from younger mdividuals nor of normal
spieen ot hver contained JgG 1gG was detected 1n
st of the elvates prepaced at 37 2ud 45% Cand
all the eluates prepared at 56° C from the other
tisstes Further as shown 1n Table 1 JgA €3 and
haptoglobn were detected 1 some of the 36° C
eluates Bz mucroglobulin oy antiteypstn and ap
antchymotrypsin wefe presemi i some of 1he
eluates of matignant tissue and were not detected 3
2any of the eluates of normal tissue The same results
were obfamed both when using primary tumour
tissue and when using thewr secondary deposits

CEA was only detected 1 the extract and 1n the
$6° C efuate of the carcnoma of the colon and the
tarcnonta of uncertain org

Anttsera to the followng protess du not



Sera

Sera were obtained from 2 of the patients suffering
from malignant disease and from 2 of the patients from
whom a total of § normal organs were obtamed

Antisera to a pool of human serum (ants PHS) were
the same as used previously (13) They had been raised 1in
rabbuts by subcutaneous immunization with a mixture of
PHS and Freund s complete adjuvant

Antisera to rabbit erythrocytes agglutinated by a pool
of tumour extracts (abbr antiserum to tumour haemag

i ) were prod! by the of 2 rab
bits with their own erythrocytes agglutinated by the ex
tracts as deseribed previously (13)

Antisera 10 human a4 foetoprotemn haptogiobin a3
macroglobulin aj antichymotrypsin «; antitrypsin fi
brinogen @3 lipoproten  C3/C3c (B,C BIA globulin}
C4{(BE globulin} C1 mactivator {CIINH) Clq compo
nent 1gG 1gM and IgD were purchased from Behring
werke AG Marburg Lahn W est Germany Antisera to
human IgA carcinoembryonic antigen (CEA) albumin
and B microglobulin were purchased from Dako

The fi of the
antisera was confirmed by double diffusion test 1n agar
using mixtures of and isofated antigen preparations

Precipitation

The double diffusion test was performed 1 [ per cent
agar 1n PBS as previously described (13) W hen using
antiserum to Clq component 0§ per cent agarose 1n
PBS was used and sera extracts or eluates were [first
applied and the antiserum was applied 2 h Jater

Crossed Immunoelectrophorests (CIE)

CIE was performed using the micro technique descr
bed by Heehe (11) The first dimension was carried out
with 10 V/em for 60 mi at + 10° C The slab was then
transferred to a 5§ % § draposilive photoglass placed
along the centre line and the antibody containing gel was
pures’ oMY e ranaming o o dre ke Blaranie-
resis 1n second dimenston with 2 V/em at + 10° C was
carried out overmight {1622 k) Varying amounts of
antisera extracts or eluates were used to obtamn optimal
precipitation condittons In some experiments an inter
medsate gel contaming specific antusera to different
protesns was used

Quantification of IgG and Atbr min
1gG and albumun 10 sera extracts and eluates were
fied using single It techmque The

smmunodifTusion plates were purchased from Behrung
werke AG

RESULTS

cie .
The patterns using sera and extracts tested by

CIE against ants PHS were similar (Fig 1) Similar
results were obtamed using extracts from normal
and mahignant ussue
Charactenstic results obtas
malignant tissue are shown 1n Fig 2

ed using elvates of
Three to 8

b

Fig 1 Crossed immunoelectrophoresis of a) Paoled
human serum and b) extract of a carcinoma Of the
bronchus Antiserum to pooled human serum in the ge|

/X

Fig 2 Crossed 1mmunoelectrophoresis of al 56° ¢
eluate of a carcinoma of the colon and b) 56° C eluate of
a carcmoma of the bronchus Anuserum to pooleq
human serum 1n the gel

—IgG

= albumin



Gupta & Morton (3) using 15% NaCl at 37° Cas
the elution procedure of | sarcoma and 3 carcino-
mzs However Gupia & Morton (3} 1 addon
detected trace amounts of IgM m 2 out of 5 eluates
of mahgmant melanoma Vanky et al (10} found
binding of radionated anti Ig reagent assayed by
anid elutable radsoactvity 1 18 out of 44 tumour
cell suspensions and found the same amount of IgG
2and 1gM 1p the 16 tumours tested for these proteins
Usisg smmunofluorescence techniques Ig\ has
een detected 10 secteons of human tumours but 1t
has been difficult to determune to what extent this
T\ 15 assocuated with the malignant cell {reviewed
1 15}

1o addwon to wmmunoglobulins atbumin C3
haptoglobn  CEA  B~microglobulin and the 2
antiproteases ay anutrypstn and ay y Yo~

pormal kidney from older individuals 1n additon
contam C3 and haptoglobin This indicates that
normal cells may adsorb proteins to their surface
rather strongly, since most of them are not eluted 4t
Jower temperature than 56° C Romsdahl & Cox(7)
reported fhat they isolated all the proteins found n
sarcoma ¢luates with the excepuon of [gA from the
Twver from the same patient The question therefore
arose whether there is only 2 quantitauve difference
or also a quabitatve difference between eluates of
malignant tissue and that of normal tissue How
ever the present data cannot answer this question
Further expeniments are therefore necessary 10
clanfy this point

“The restlts presented here are 10 overall agree
ment wth the resulis presented by the other authors

sm were detected 1n the eluates This is 1 line with
the results obtamed by Thunold et al (9) who found
albumm, and Remsdak! & Cox (1) who found
albumuin transferrin hemopexin and the same 2
antiproteases Cotropia (1) using low pH eluates of
human acute myelogenous leukemia blasts found
1eG and the 2 antiproteases In contrast to the
resulis presented here Thunofd ef al {9) could not
detect C3 and Romsdah! & Cox (7) could not detect
€3 mucroglobulin and haptoglobmn 1n the eluates
Corropia (1) on the other hand detected «
macroglobulin and by using the direct immunoflu
orescent test, IgM was detected on the blasts

Of spectal interest 1s the data reviewed by and the
findng of Israél & Edelstern (6) that the concentra
ton of antiprotease and haptoglobsn increased 1n
sera from cancer patentc ¢ eta
a

d

Splinany bound or adsorbed (0 the malignant
celis since the proteirs of Tgher concentration 1n
the extra cellular flud will be more easily detected
n the eluates than other protins of lower
concentration W hen adsorbed 10 the tissue these
protens could 1nfluence the ymmune Tesparse in
sno as shown tn vitro (6) Some of the proteins
could also be syntheswzed 1 the tssue as shown by
Hurhman et al (5} who found synthesss of 1gG
C3 lactofernn o and B-globulins {n vitre from
dysplastic and neoplastic hyman mam— —

al
w
uiy

Gupta & Morton (3) did not d’clec( anytn::r\:;ogl?c:

bulins but did not lok for other proteins in eluates
of Xidney lung and muscle How ever the results
presented here show that eluates of normal lung

muscle and stomach 1n adition to atbummn contamn
I2G and for some cases also 1gA Further eluates of

¢d The small diffe discussed could
partly be due to the different efuuon techmiques
used and also that some of the proteins are not
associated with all the tumours

CEA has been of some value 1n the dragnoss and
the momttoring of several neoplastic disorders {for
review see refs 4 and 8) It was first detected 1n
extracts of malignant tissues (2) and 1t 1s therefore of
mterest that also eluates of malgnant tissues
contan CEA as shown here This tmphes that
other tumour associated antigens may also be eluted
from mabignant tssues and may recombime with
the eluted antibodies

W ¢ kave previously shown {13) that antserum to
tumour haemagglutmins from extracts of one
tumour contained detectable antbodies to IgG and
IgA Symular resulis were obtained 1n this study
using a pool of tumour extracts and no tumour
specific protems were found

The results obtamned using CIE and the ratio of
albumen to IgG 1n serum and ettracts support our
Pprevious Interpretation that the extract 1 represen
tatve for the flud of the extracellular compartment
of the tissue (14)

Using the extracts and the corresponding eluates
of 2l the normal tissue and of 3 of the malignant
ussues the rauo of albumm to 1gG was similar
Thus 15 1n accordance with data reported previously
(18} The IgG associated with these normal and
malignant Ussues are most likely noa specifically
adsorbed However the demonstration of reduced
ratso of albunun to 1gG mdicates that the 1gG are
bound to wmour assocated antigens or to Fecy

Teceptors associated Wwith the tissues as discussed
previously (12)
—_—
The author 15 a fellow of the Aormegian Research
Council for Science and the Humant es {grant no C L]
e
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TABLE 2 Ratios of Concentrations of Alburnn to Concenirations of IgG 1n Exiracts and Eluates of Human Mahgnant
and Normal Tissue i

Tissues Rato Red of ratioa
Extract Eluate
Carcihoma
A uncertain onigin 27 [\
B the colon 12 07 f ;f
C  the bronchus 14 12 17
D » 17 04 425
E » 13 11 118
F  the breast 42 36 17
G » 55 23 239
H  the ovary 20 06 333
I the cervix 03 06 150
J the endometrium 21 08 263
K the bladder 11 03 370
Fibrosarcoma
L 30 13 230
M 7 B 155
Normal tissue
Muscle 26 29 089
Lung 24 24 10
Kidney 22 27 082

Ratio in extract

RifioTn ¢luate

aCalculated by

precipitate any of the eluates a; foetoprotein IgM
IgD Clq C1 INH C4 «, macroglobulin fibrino
genand 8 lipoprotein

Ranio of Albumun to IgG

Stne atburmion was detected 1 all the eluates the
concentration of this protein was determined 1n
sera extracts and the 56° C eluates By using the
results obtamed previously (14) the ratio of the
concentration of albumun to the voncentration of
1eG was calculated The rauo was similar 1 the
serum and corresponding extract both of normal
and malignant ussue Using the eluates of normal
organs the ratio was symilar or shghtly mcreased
when compared to the extract (Table 2) Ten of the
tumours had a reduced ratio of albumn to I1gG ratio
1n the eluates compared to that 1n the extracts By
calculation (see footnote Table 2) the reduction of
the ratio varted from 1 50 to 425 Of particular
1nterest 15 the results obtained using the 2 tumours
B and 1 in that these tumours also showed a
reduced ratio of the wtre of agglutins 10 the
concentration of [gG (14} In 3 of the eluates (CE
and F) the ratio of albummn to IgG was similar to
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that in the extracts Two of these eluates (C and F)
also had a constant ratwo of agglutimns to IgG (14}
1n the extracts and eluates No difference was found
either when usmng primary tumour or (heir
secondary deposits

DISCUSSION

Elnates of homogenated washed human mahgnant
and normal tissues contan diffening serum proteins
but more protemns are eluted from the mahgnant
tissue than from the normal tissue This conclusion
1s based on the results obtaned previously (14}
which show that more IgG was cluted from
malignant than from normal tissue and the data
presented here together with those reported by
others (1 3 7 9 10) The results obtained here
show that most of the eluates of malignant tinsue
contain IgA 1n addition to [gG g and IgD were
not detected This 15 10 line with the results obtamed
by Thunold et al (9) who also used heat eluates of
human carcinomas by Romsdaif & Cox (T} who
used low pH eluates of human sarcomas and by
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IMMUNOHISTOCHEMICAL DEMONSTRATION OF
INTRACELLULAR IMMUNOGLOBULIN IN
FORMALIN FIXED, PARAFFIN EMBEDDED SECTIONS,
AS STAINING METHOD IN DIAGNOSTIC WORK

PER P CLAUSEN! MARIANNE SJACOBSENZ PREBEN JOHANSEN?
and NIELS THOMMESE™N!

I Department of Pathological Anatomy Hvidovre Hospital Unsversity of (;{)penhagm 2Ir)ep;mmem of
h: 3 of P

Pathological Armatomy Herlev Hospital University of C

Anatomy Alborg Sygehus Nord

Clausen P P Jacobsen M Johansen P & Th N of

intraceliutar tmmunoglobuhin in formabn fited paraffin embedded sectons as stamng method 1n
diagnosuc work Acta path microbiof scand Sect C 87 307-312 1979

52 speaimens from 34 patients with multiple myeloma and 3 cases with reactive plasmacytosts were
staned by the 2 step labetled or 3 step unlabelled tmmunoperoudase (IP} technique for demonstratton
of mtracellnlar immunoglobulin 1n order 1o ltest the uuhty of these methods as staimng methods
routine dragnosuc work The speaificity of the methods was high as agreement between IP staiing and
serumanalys s for M-component was achieved 1n 27 out of 28 cases where complete serumanalysis
were available Tnterpersonal variation  interpretation of the Staimg results was low  With opumal
dilutions of anusera the evaluatians of the examuners were concordant m $1 out of 52 specimens By
comparing the d fferent tissue specimens the best result was obtamed with ilac bone biopsies both
concermng ¥P staming and morphological preservation No difference was observed between results

obtained by the 2 step labelled and 3 step unlabelled IP technique

Key words [

muluple myeloma

f)ir P Clausen Department of Pathological Amatomy Herlev Hospiat Umwversity of Copenhagen
nmark

Recerved 4178 Accepted 91379

101974 Tt # B tc1 2
fabelied .
monstra 1
paraflin embedded material

The specificity of the method has later been
confiemed by Tmlor & Mason () using the
techmque on paraffin sections from multtple mye
loma and related conditions and by Pirkus & Said
(4) using an unlabelled 3-step IP techmque 1n severa]
cases of multple myeloma and mactoglobulinae
ma

The objectives of this report have been to
imestigate the utility of the 2step and 3-step
techniques as stauning methods 1 routine Siagnosuc

work by evaluaung specifiaty of the methods
nterpersonat variation in the interpretauon of the
stainng results and the sigmficance of the character
of the tissue specimens

MATERIAL AND METHODS

The materal consisis of 41 surgical biopsy spectmens
(36 pone marrow ¢lots and 5 1iac crest needle bone
raarcow biopsies (Radaer)) from 34 cases with euher
venified or suspected multiple myeloma and from 3
cases with ncreased number of plasma cells 1n the hone.
marrow  without any serological or cinscal signs of
muluple myeloma From 11 of the 33 cases wuh
muluple myeloma further autopsy materal has been
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TABLE 1

Results of

of

Immunochemical Serum Analysis

Compared with

Case Histology no Tissue P Serum or urinary
o analysis
IeG
i Hv  3510/76 \C G L G L
H - 3108/77 \MC 16 K G
3 - 2446/76 MC 1RGK G K
4 - 6031/76 MC G K X
s - 3261/77 \C 1G K 126 X
- 275/71 Autopsy 13G K 12G &
6 - 2291/76 MC 18G K G K
- 3470/76 Ne G K 3G K
7 - 6614776 MC 186G k G K
8 - 6731/76 MC G K IsG
- 553/76 Autopsy 1£G K 126
] - 3226177 MC G L 1:G L
- 47377 Autopsy G L G L
10 - 3924777 MC 1eG K G K
n - 555(')13);;1 MC 1eG K 16
- 7 Autol
12 Ab C12377/17 MC i :gg E :gg K
13 - C s MC 15G & I:G K
- 236/77 Auto
14 - C14559/77 ac ;ig § }gg X
15 - C10940/77 MC 1GL G ¥
16 - C 884nm jlerd G X P
17 - C 15U 1CB 1eG X ox
I N IG &
C 18996/75 MC G L G
R - Ci6s62/77 MC .G L o
~ Cl6800/77 NMC 13G L o
20 - C T460/77 X . ey
- C 3G K ”
2 C 8138/717 MC G K o
23m Autopsy o K :EG X
G K
IgA
2 Hv 469974
bi] - 298/76 le\\lucwmy }gﬁ t AL
_ 61219 ks s L AL
iy - 260177 Autopsy T leA K
u - 0km v b leA X
- wym MC Ay Ak
200777 EA K
b - 2074175 ;‘[‘E‘Bw BAK IgA K
- 12276 leA K TeA K
u A € 3567776 :(‘;:WP"Y TgA K 12A K
» - C66%/77 MC A K TeA k
» - € 0m/77 MC e M
- Cresoyy e fsak leA ¥
3 1 sam MC s A K
~ C saoym MC :g: ‘;f 1eA K
g leA K
Mo M comp ’
3 Hv  Yiees77 MC
n N J;:sns e oL No M-comp
6/m A D L No M
utopsy G L “comp

No M<omp



investigated Thus a total of 52 specimens from 37 cases
have been 1nvestigated
Dunng the period 1975 to 1977 21 cases were

The 3-step unlabelled IP technique (5) was performed
using the following steps
1,2,3 As above
4 I

b with swine anti-rabbi

nvestigated at Hvidovre Hospital by the 2-step tech
and 16 cases were gated by the 3-step at
Alborg Sygehus

Tissues

The material was fixed 1 Lillie's 10% buffered
formalin for 6~8 hours After fixation the Radner
biopsies were decalcified 1n 8N formuc acid for 6 hours
After fixation and decalcification the tissue was dehy-~
drated and embedded 1 paraffin Serial secuons were
performed

Antisera

For demonstration of human IgA, 1gG, IgM, kappa
chains, lambda chains and IgD, rabbit antisera with
specific activity against human o, y, p Kappa chains,
lambda chains (DAKO Denmark) and against delta
chawns (Behringwerke Hoechst, Denmark) were used

The specificaty of the antisera was venfied by
performance tesung on sections of formalin fixed and
paraffin embedded bone marrow tissue from multiple
myeloma of known monocional protein type

Working dilutions of antisera were found by titration
In the demonstration of heavy chains concentrations
from 1/41 to 1/81 were used, in the demonstration of
hight chains concentrations from 1/81 to 1/201 were
used Antisera were diluted 1n phosphate bulfered-saline
(PBS)pH 72

As a control the immunoglobulin fraction of serum
from unimmunized rabpats (DAKO, Denmark) was
used diluted 1/81 corresponding to the maximal protein
content 1n the used antisera

In the 2-step IP techmque peroxidase conjugated
swine-anti-rabbit immunoglobulin (DAKO  Denmark)
n dilution 1/21 was used

In the 3 step swine
Puhin {DAKO Denmark)in diduvon 343 and complexts
of peroxidase anti-peroxidase (PAP) (DAKO Denmark)
n difution /101 were used

bbit

Stairring Procedures
The 2-step IP techmque (1) was performed using the
following steps aflter dewaung the sections
b with absalute ! 05%

bulin (30 min)

5 Incubation with PAP (30 mm)

6 Incubation with 0 05% 3,3'-diaminobenzidine-
tetrahydrochloride (Sigma) and 0 01 % H,071m
01 MPBS,pH 76 (5mmn)

In 3,4 and 5 antisera and PAP contamed 20% normal
swine-serum Rinsing between each step was performed
1n PBS for 30 minutes After the final rinse counterstain
g with haematoxylin, dehydration and mounting n
Pertex® (Histolab , Bethlehem Trading Ltd ) was caried
out

In all cases control sections were made m the
following manner

with the fobufin fraction of
serum from ummmunized rabbuts nstead of spectfic
rabbit antiserum
b Incubation with PBS instead of speaific rabhit
antiserum

In addition the series of antibodies {ant kappa
lambda @, y and y) used with each specimen acted as 4
1nherent control by the varying numbers of cells, stamed
with each antibody

In some cases (v1) the sections were incubated 1n
0 1% trypsin Il (Sigma), 0 1% CaClz 1n distilled water
pH adjusted 0 7 8 with ¢ { N NaOH for 30 mmutes
prior to stamming (2)

Mucroscopic Evaluation

Statnng reactions were independently evaluated sem!
quantitattvely by 3 of the authors (MJ PJ NT) without
any knowledge of the serum M component or othef
chinieal nformation according to the following scorifg
system

The number of immunoperoxidase posttive cells (1]
+ + +) the intensity of the staning reaction [(iad
+ + +)nihese cells where + + + sigmfied a st
intensity 1 a normaf plasma cell

‘When the immunoperouidase reaction for one ymme
noglobulin (hght and heavy chams) or for one light cham
alone was pasitive for a great number of cells (+ +
+ 4+ +) with an intensity of + + and + + + (h¢
picture was said to be monoclonal of this type

H202 (30 mun} 10 order to block the
peroxidase activity

2 Incubation with 109 normat swine serum (10 mun)

3 Incub with specific rabbit-antiserum 1n optimal
ditutions {30 min)

4 with d ted swine anti

rabbit immunoglobulin (30 mun)
Staining with 0 04% 3 amuno 9 eth
001% H30; dissolved in sodium acetal
buffer pH 5 {15 mmn)

Dilutions were made with PBS co!
swipe serum and nnsing bem;en lhe‘:evs wi

rformed 1n this mediom for 15 minu
e »rxoncr the final rinse the sechons were mousted 1n

Aquamount (Gurr)

ylcarbazol, and
te/acetic acid

w

ntamning 2% normal
as also
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of Serum Paray
Qi e of the M in

serum was based on immunoclectrophorests

RESULTS

The results of the immunoperoudase stumng and
serumanalyses are shown m Table 1

In the 1 of the
stanings of the tissue total agreement was primarily
achieved between the three examuners in 41 out of
52 specumens In furt

otidase




1 Immunoperoudase stain ng of autopsy umour mass edastinu owing a
e 1 mediasunum showing

£ g of autopsy matenal from a solitary

nonoclonal staining pattern with wmour cells posive for lambda chains to the right and negative for kappa chatns

0 the lefi.
(Labelled 2 step IP technuque

2]
' 14
),

'
@ _QQ

ol Ay

Fg 2 Immunoperoxidase sta iy

€ of marrow clot from a case with reactve plasmocytosss shy
Fong pattern with plasma cels posiue for tambda chaims (o the fight and for Xappa chains
(Unlabelled 3-step IP rechnigue

n

ol %2500 green filter VG 19)

W,

owing a polyclonal
10 the left

one or more immunoglobulin fractions but no A
component All 3 patients had a

climical diagnosis of
rheumatoid arthritis

results were found on bone g,
showed the best morphological
fung of the marrow clots show
ntense  background Staimng
matenal gave the poorest resu}
stauning techniques showed n

PSIES Just as they
Preservation Stay
ed somew hat more
while the autopsy
(s The 2 different [P
0 difference

ol % 2500)

DISCUSSION

The demands which should be made on a staning
method with reference to 11s utilty 1n routme

work are and
apphicability on routinely processed material Taylor
& Mason (1) and Pinkus & Said (4) have proved the
speaificity of the 1P saining with reference to
& of n
patents with multiple myeloma Qur Tesults are 1n
accordance with this as we 1n 44 out of 46
examinavons from patients with M-component 1n




Case
hoy Histology no Tissue 13 Serum or unnary
analysis
Light chamn discase
A C 8900/77 ICB L L
- C16501/77 ICB L L
Plasmocs tosis
35 Hy 297177 MC KL g\ SE
g\ 1eG G SE
IgM IsM N
36 Hv 7215/76 MC KL Igev N
Iz\ IeG G N
IeM IgM SE
37 Hv 2147/71 ICB AL Igv SE
g\ LG G N
IeM IsM N

Abbreviations used
Immuroperovidase staining
Hvidovre Hospital

Alborg Sygehus

Marrow clot

ICB  Ihac crest biopsy

SE  Slhightly elevated

N Normal

HY
Aln
MC

clots 4 autopsies) mn which the first exammation
was inconclusive due to pronounced stainmg of the
background caused by tmmunoglobulin containing
serum repeated stainings with antisera n lower
concentrations gave conclusive results

Previous 1nvestigations (2) have shown reduced
background staimmg by treatment of the secuons
with proteolytic enzymes prior 1o immunohistoche
mical staimng In the ten nconclusive cases the
sections were treated with trypsin prior ta staaing
The treatment caused enhancement of both ntra
and extracellular immunoglobuhn staming 1n bone
marrow clots In autopsy material the non specific
staining of the tissue was dirmmished

In only one specimen agreement could not be
obtained 1n regard to heavy chain type mn spie of
repeated stawmngs (pt no 21

In 27 patients with muluple myeloma informa
non about the type of monoclonal heavy and hght
chains m serum was available Comparison of the
results of the 1P staymng with the serum paraprotein
analysis showed total agreement In 25 out of these
patents

In 2 patents discrepancie:
case repudted serum analyses led to @

< were found In one
result
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corresponding to the IP starung In the other case a
second serum analysis has not been performed

In 4 patients (6 specimens) the serum analyses
were incomplete as information concermng type of
either heavy or hight chains were laching However
no discrepancies were found 1n comparing with the
IP stamnings

In | patient the [P stanmg as well as serum
analysis revealed only monoclonal protein of light
chain type

2 patients (3 spectmens) had no demonstrable M
component 1n serum In one case immunofluore
scence examination on bone marrow smears had
shown monaclonal intracellular IgD L and this was
confirmed by IP staming on sections from the bone
marrow In the other case the patient had a farge
tumour mass in the mediastinum and the sternum
but otherwise no osteolyuic changes Post mortem
examination with IP statming on sections from the
tumour mass showed monoclonal mtracellular
\mmunoglobulin of the type 186 L tFig 1

In 3 patients with an increased amount of plasma
cells 1n the bone marrow [P staiming showed a clear
polyclona] immunoglobulin staning pattern Fig
2) Serum analysis showed a moderate elevation of



g | Imi pes y solitary twmour mass 1n mediasnum showing a
it n t

F munoperotidase staiung of autopsy matenial from a :

m’unmlona.l stamning pattern with tumour cells positve for lambda chains to the nght and negative for kappa chains

10 the left. .
(Labelled 2 step IP techmique b

Fg 2 Immunoperoxidase starmny

ol ¥ 2500 green filter VG 19)

2 T

g of marrow clot from a case with reactve plasmocytosts showing a polyclonal
staumung patiern with plasma cels postuve for fambda chains to the night and for kappa chains to the left.
fUnlabelled 3 step 1P techmque

one of more immunoglobubn fractions but no M
component All 3 patients had a climca) diagnosis of
theumatoid arthnus

Comparing the slaimning reactions of bone biop

topsy
s The 2 different 1P
0 difference

matertal gave the poorest resu}
staming techniques showed

ol % 2500)

DISCUSSION

The demands which should be made on a statning
method with reference to s uvtility 1 routtne
PO

daonnct oy ark are cnan

speciticity of the 1P stanmg with reference to
of

m
pauents with multiple myeloma Qur results are in
accordance with this as we m 44 out of 46
examinations from pauents with M-component 1n



serum found total agreement between serum
analysis and IP staining

In one case no conclusive result was obtained by
IP staining for heavy chams on autopsy material

In one case discrepancy between IP staining and
serum analysis for hight chams was found The
serum analysis has however not been repeated and
therefore not venfied

bulin Furthermore the staimng result and morpho
logical preservatton were better in the biopsies
probably due to a more rapid fixation of the smaller
specimens  Application of the 2 step Iabelted 1P
hnique and 3 step unlabelled tech has gwen
similar results which speak for the use of the
simpler faster and cheaper 2 step method

2 patients had no d rable M n
serum but showed monoclonal immunoglobulin
production by the IP staming Both cases were
probably non secretory myelomas (3) Thus espect
ally 1n cases with solitary tumour masses without
widespread osteolytic changes and with no M
comp: n serum  the de 10n of mono
clonal immunoglobulin production by IP staiming 1s
a valuable diagnostic help

We have mn this nvestigation found a clearly
discermble difference between the monoclonal
immunoglobulin staining pattern 1n myelomas and
the polyclonal pattern 1n cases with reactive
plasmacytosis Thus when evaluating cases with
suspicrously high amounts of plasma cells m the
bone marrow the IP staining will be of considerable
help

The reproducibility of the IP staining has been
proved to be acceptably good With optimal dilution
of the specific antisera the evaluations of the three

d d were and concor
dant 1n 51 out of 52 examuinattons

Repeated dilution of antisera was necessary
espectally when stainmg marrow clots and autopsy
material 1n order to obtain the greatest stamning
contrast between ntracelfular and extracellular
reaction

Trypsination had no effect on the contrast

We ack: ge the dep of havmate
logy and clinical chemusin of Hsidovre Hospual and
,»(Iborg Sygehus Syd for therr permission to use the
chincal data and the results of serumanalyses
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FORMATION OF GERMINAL CENTRES
DURING NEONATAL TOLERANCE IN THE CHICKEN
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Vame © & Vilpnen M K Formaton of germueal centres duning neonstal tolerance 1n the chicken
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Chuckens were made tolerant to BSA at the ume of hachmng Duning the tolerance anugenic

sumutation With BSA resulied 1n poor

germinal centre formagion as compared t0 normal smmunized

contral bisds The tolerance persisted fo at least 6 weeks Ius breakdown had hardly started at the age
of 12 weeks both [gM and 1gG anubody responses against BSA remaming negligible Sumulation with
the unrelated antigens SRBC and Brucella abortus resulted 1n good anubody responses ‘but the number
of germial centres was smaller i the tolerant birds than 1 normal controls

Key words germmnal centre neonatal tolerance
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afte

. L ¢ gungrauon ol
memory cells or to the mducuon of tolerance
Many observanons suggest that they may be
mnvolved in the generation of memory celis (4 7 12
16) 1t bas teen demonstrated thar T and B cell
interaction 1s required for both germinal formation
2nd for generation of memory 112 13) Klaus has
produced evidence that antigen antbody compleves

fogether with the third component of complement
localize on 1 &4 e .

[H .
compl = . .
cenrer .

cells - = Yuu & sunsn propose that
Teachon of Jymphocytes with antigen within the
germunal centre might actually result m tolerance
) Yoweser Coken & Thorbecke ‘were 10t able to
demonsirate Secondary nodules after sumulating
veonatally tolerant fabbits with the tolerogen (2)
Our own results indicate that gernunal centre

formation 18 also influenced by other factors eg
the 2ge of the amumal and that 1t s not pecessarily
directly related to antibody production (14)

The purpose of the present work was to study the
formation of germnal centres 1n the presence or
absence of an immune Tesponse nsing chickens
rendered tolerant at hatching as an expenmental
model The results obtained indicate that during the
tolerance germinal centre formation as response o
stumulation with the tolerogen 13 reduced greatly

MATERIALS AND METHODS

Experunental design Chickens were rendesed tolerant to
BSA (bovine serum albumin) at hatching Groups of
tolerant burds were wmmuruzed with BSA at 1 3 6 and
12 weeks of age Ten days after the immunization the
resufng ant1 BSA anubodies and germinal centres wete
quantified As controls tolerant non immumized and
normal nonimmunized or mmunized birds were
stud ed

Chickeas W hrte Leghorn chickens of hneV (genotype
B3 B} from our own colomes ®ere used throughout
the stody

Toferance induct on Tolerance 1o BSA was induced 1n
newlyhatched chickens by injecting a single dose of 1250
mg/ke body weight intrapertionealy



Antigens and anugen stmulatons BSA (fraction V
from bovine plasma Armour Pharmaceutical Company
ITD Eastbourne England) wag used as antigen
Tolerant chicks were divided Into four groups and
immumzed with BSA as follows firgy group at one week
of age with 0 5 mg_ second group at 3 weeks also with
05 mg third group at 6 weeks With 2 5 mg and fourth
group at 12 weeks also with 2 § mg BSA per bird
intraperitoneally

As unrelated antigens sheep req blood cells (SRBC) in
2 dose of 2 X 109 SRBC per byrd and phenol hifled
Brucella abortus 1n a dose of 6 4 x 109 organisms per
bird were used and admimstered mtraperitoneally

Antbody assays Blood samples for antibody determ
nation were collected 1nto heparinized syringes ten days
after immumzanon IgM and IgG any BSA antibodies
were measured by enzyme linked immunosorbent assay
(ELISA a modificauon of our RIA method 17) and the
antibody ¢ are given as p ntage of the
same standard plasma 1n each experimental group Ant
SRBC and anu Brucelle antibodses were utrated as
described previously (14)

Autopsy and nucroscopicat exanunation Ten days
after the tmmunization the birds were killed with ether
The preparanion of the spleen Samples was as described
previously (15) On microscopical examunation the
number of germinal centres tn three cross sections was
recorded The result was given as the arithmetic mean of
the three Each sample was studieg without knowledge
of 1ts origin

Stanstcs Students £ test was used for the statistical
analysis

RESULTS

In order to test the persistence of BSA induced
tolerance tolerans chicks were smmunized aller
various time mtervals with BSA The 1gM and
1gG anti BSA antibody production 1n mmunized
BSA tolerant and normal chickens and 1n their non
immunized hatchmates 1s shown n Table ) In
normal non immunized controls the IgM antt BSA
antibody level at hatching was 2 8 # | 8 per cent of
standard plasma whereas no IgG antt BSA antibo
dies were detected af fhatcfing  The controf vatugs
remarned essentially the same throughout the whale
expenimental period both i neonatally BSA
tolerated and in normal non immunized groups
Chickens rendered tolerant to BSA at hatching
produced only negligible amounts of IgM and IgG
antt BSA antibodies following tmmumzation even
at 12 weeks of age This finding 18 1 accordance
with the observation of Salerno et al (10) Our
resules shaw that neonatally induced tolerance lasis
for at least more than 6 weeks and still at 12 weeks
of age the breakdown of the tolerance has scarcely
begun

Germinal centre formation 1n the spleen of
tolerant and normal chickens s shown in Table 2
Young birds (1 weeh old when immunized) formed
only one to three germinal centres per cross section
of the spleen This was ierespective of whether the
birds were tolerant or not Normal immunized

TABLE 1 JgM and IsG anit BSA Anttbody Rosponse 1 Neonatally BSA tolcrated Chickens and Therr Controls Mean
Yk a5 Perceniage of Swaondard Plasmn % SD urp Gooy

Age al immunization

Chickens I
- I wh 3wk 6 wk 12 wk

1gM ani BSA
Tgoleram BSA immunized 37«41 07 0504 U7 1410 28 147 =116 21
Normal BSA immunized 114247905 69285 UN 131 +92 04y 1171 12797(12:
Tolerant non immunized 29 =34 095) 2126 (i8) 5070 (6) 49 x 41 :g)
Norma] non immumzed 44240 (13 3972 U3 15206 9 6374 (
1gG ant BSA ,
Tgoleral\( BSA wmmunized 005 % 01 {17} ¢ (7 64208 28 762 1264 I(IZ’!))
Normal BSA immumnized 11226 (15) 141 2736017 224 2400014 101 g £ 25' 6 ”.“
Tolerant non smmunized ] (s 0 18) 0 (I;wl 00 (:; 0 s
Normal non immunized 0 13 0202 (13 0 9)

0 mg BS A\ /kg body wetght intraperstoneally The
ced at hatching by injectng a single dose of 125

P wasel:t:l: theageof lor 3 tvecks were given 0 5 mg BSA Intraperttoncally and those iImmunized at 6 or 12
h"dlf ";r;‘:?g‘l Blood samples for antibody assay were taken ten days after immunczation Figures in brackets refer to
weeks

the number of chickens tn each group
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TABLE 2 Number of Germunal Censres i the Spleen of Neonatallv BSA tolerated Chickens and Their Controls

Age at immunszation

Treatment
1wk 3wk 6 wk 129k
Tolerant BSA mounized 16 = 17207 59+£3g(17) 57=3108 3123500
Norreat BSA smmunized 231108 162 = 10307} 66x 3614 161502
Tolerant non immunized 12 % 15 (15) 4943 (18) 3422616 18217 (8
Normal non immunized 0911 U3) 67x70 (I3 7140 9 1321202

Tolerance was induced at hatching by mjecting a smgte dose of 1250 mg BSA/kg body weight intraperioneally
Tmmumzanon was carred out m b and 3 weeks wath 0 5 mg BSA and at 6 and 12 weeks wuh 25 mg BSA

mtrapentoneally $pleen was removed ten days after the immumization  Figures in brackets refer to the number of
chickens i each group
a4 e . r .y

All other differences between the

chuckens developed on the average 16 2 germinal 1o notwce that at that age the neonatally tolerated
centres per cross section at 3 weeks of age whereas  birds produced nether IgM  nor IgG antt BSA
neonatally BS A tolerated chickens formed only 59 anubodies At 6 weeks of age no difference tn the
serminal centres per CTOSS section at that age this  number of germinal centres was found between
bemg roughly the same as n non immunized tolerant and mormal chickens At that age the
hatchmates This difference mn the gerounal ceatre  capacity of normal cluckens to form germunal
formation between tolerant and normal birds 1s  centres 1§ beginning to decrease sharply (14} and
stausucally sigmficant {p <0 001) It1s worthwhile this may be one reason why no difference was

TABLE
i e:m {IKBC and Anit Brucella Titres and Number of Germinal Centres in the Spleen of Chuckens Rendered
natally Toleraat to BSA and fmmun ed after Yarious Time Intersals with SRBC and Brucelia

Cocxens Age at immunizanion
1wk 3wk 6wk 12 wk
Anti SREC ¢ tres®
BSA
Mm:llmm 25+2100) 36110100 3422709 572189
35x33 16) 312184 46+32( 60%2764)
égt Brucella yires®
A Wler:
S e 02£0600) 352290100 50299 80139
U] 42226 (D 66x22(D 8521348
:asrm nal centrest
A 10ferant
oty s;zqs(m) 52% 200100 18 %499 314609
67250160 100291 (D 5134 10 £00(4)
Tolerance was mduced as described 1,

:["”5“‘: and 64 » gyt PO tables Immunizaton was carried outat 1 ¥ A e 12
eterm

afie .
BS :
Y . -

U uenues between

bA
“ e mean for three ¢
» 1088 Sections = SD



Anugens and anugen sumulations BSA (fracuon v
from bovine plasma Armour Pharmaceutical COmPany
LTD Eastbourne England) was used as antigen
Tolerant chicks were divided mto four groups and
smmunized with BSA as follows first group at one weel
of age with 0 5 mg second group at 3 weeks also With
05 mg third group at 6 weeks with 2 5 mg and fourh
group at 12 weeks also with 25 mg BSA per byrg
mtraperitoneally

As unrefated antigens sheep red blood cells (SRBC)
a dose of 2 x 109 SRBC per bird and phenol killed
Brucelln abortus in a dose of 6 4 x 109 organtsms per
bird were used and administered intraperitoneally

Antibody assays Blood samples for anutbody determ,
nation were collected 1nto heparimzed syringes ten ddys
after immunization IgM and IgG anti BSA anttbod,eg
were measured by enzyme linked rmmunosorbent assay
(ELISA a modification of our RIA method 17) and the
antibody are given as 1ge of the
same standard plasma 1n each experimental group Ang
SRBC and anti Brucella anubodies were titrated gz
described previously (14)

Autopsy and wucroscopical examunation Ten days
after the immunization the birds were killed with ether
The preparation of the spleen samples was as described
previously (15) On microscopical examination the
number of germinal centres 1n three Cross sections was
recorded The result was given as the arithmeuc mean of
the three Each sample was studied without knowledge
of 1s origin

Staustres Student s f test was used for the statistical
analysis

RESULTS

In order to test the persistence of BSA induced
tolerance tolerant chicks were immunized after
various time intervals with BSA The IgM and
1gG ant1 BSA body d m

BSA tolerant and normal chickens and in their non
immunized hatchmates ts shown in Table | In
normal non immunized controls the JgM ant BSA
antibody level at hatching was 2 8 = 1 8 percentof
standard plasma whereas no IgG anti BSA antibo
dies were detected at hatching The control values
remained essentially the same throughout the w hole
expertmental period both 1n neonatally BSA
tolerated and 1n normal non immunized groups
Chickens rendered tolerant to BSA at hatching
produced only negligible amounts of Igh and IgG
e G54 bodies & L even
at 12 weeks of age This finding 1s 1n accordance
with the observation of Salerno et al (10} Our
results show that neonatally induced tolerance lasts
for at least more than 6 weeks and still at 12 weeks
of age the breakdown of the tolerance has scarcely
begun

Germinal centre formation m the spleen of
tolerant and normal chickens 1s shown i Table 2
Young birds (1 week old when ymmunized) formed
only one to three germinal centres per cross section
of the spleen This was irrespective of whether the
birds were tolerant or not Normal smmunized

TABLE | [gM and IgG ant: BSA Anubody Response in Neonatally BSA toferated Chuckens and Their Controls Mean
Values as Percentage of Standard Plasma * SD are Gen

Age at immunization

Chickens
1wk 3 wk 6 wk 12 wk
1gM ann BSA
Tgoleran! BSA tmmunized 3741 (N 0s+04 AN 1410 28) 147216 (Z;;
Normal BSA immunized ihd = 17905 6985 (D 131292 (14 “”:2797“(3)
Tolerant non immunized 79z 34 (15} 2y +£26 U8 5070 (16) 49 =41 o
Normal non immunized 44 x40 (U3 3ve72 03 1506 (9 6374
G 08 28) 76 124 (21
pos =01 (U7 0 an 04 %
L‘:::&:‘lf::l:nr:x‘:?;d 1126 (15 14123807 224 x 400:;:: |8102 ; (z)s'oau(é))
8) 0
4 0 sy 0 a
N . s o a» 02z02 03 o @ PR

ecung a single do;

Tolerance was induced at hatching by 10) e

birds immunized at the age of | or 3 weeks were give
weals 2 S g Bland samales for antb
the number of chickens n each group

314

ody assay were taken ten days after tmmunt

se of 1250 mg BS \/kg body weight mtraperitoneally The
mg BSA intraperttoneally and those immunized at 6 or 12
zation Figures 1n brackets refer 1o
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found Twelve-weeks-old chickens formed only a
few germunal centres in accordance with earlrer
observations (15)

We also tested the influence of BSA-tolerance on
antibody production and germinal centre formation
after stimulation with the unrelated antigens SRBC
and Brucella abortus The ant SRBC and
antr-Brucella titres and numbers of germinal centres
per cross section of the spleen are shown i Table 3
The antibody formation of both tolerant and normal
control birds was of the same magnitude At the age
of 3 weeks the tolerant birds had an average of 5 2
germinal centres per cross section This value s
lower than that of normal contro! birds, viz 100
germmnal centres per cross section However, the
difference 18 not statistically significant, since two
normal control birds showed especially many
germnal centres 1n the spleen

Altogether germinal centre formatyon during the
tolerance was significantly decreased after antigenic
stumulation with the tolerated antigen Also after
sumulation with unrelated antigens the gerrmmal
centre formation 1n tolerant birds was poorer than
in normal controls but in this case the difference

was not statistically sigmificant

DISCUSSION

The purpose of the present work was to elucidate
the role of germinal centres n the immune response
by studying their formation duning neonatal tole-
rance Tolerance was induced according to the
protocol described by Eardley & Tempehs (3)
During the tolerance they observed non-specific
immunosuppression (8 9) Birds rendered neona-
tally tolerant to BSA gave a suppressed response to
SRBC stimulus as compared to normal controts In
our experiments the tolerance was specific to BSA
and stimulation with SRBC and Brucella led to
normal antibody responses The difference between
those findings and our results may be partly
explammed by different assay methods 1€ plaque
assay versus antibody titration and by ifferences
In the ime scale of the experiments Tempelis et al

cbserved the strongest non specific suppression
when chickens were immumized at two weeks of 2ge
and the plaque assay Was performed four days later
(9) whereas we mmunized tolerant chicks at § o 3
weeks of age and collected the bfood samples for
antibody titration 10 days after It s noteworthy
however that the tolerant birds formed germumnal
centres less vigorously than normal controf birds
after antigenic sumulation with SRBC and Brucella

The dfference was not statstically significant
because of the great deviation 1n the control group

The results of Ada & Parish suggest that germinal
centres mght be refated to toferance mduction (1} If
this were the case one would expect that increased
numbers of germunal centres during early phases
and persistence of tolerance could be observed In
contrast, we observed a greatly reduced number of
germunal centres during tolerance It has been
postulated that durning the process of germinal
centre formation, antigen antibody complexes are
carried to Iymphoid follicles where they are bound
to dendnitic reicular cells Lymphocytes are then
aggregated around these antigen bearing dendnitic
cells to form a germunal centre (19) Poor antigen
localization has been demonstrated in tolerant
animals (6, 18) Coten & Thorbecke have shown
that the tolerogen induces reduced germinal centre
formation 1 rabbits rendered neonatally tolerant
(2) Our findings are i agreement with these
observatons At 3 weeks of age tolerant chicks
formed very few germunal centres It has been
shown that at that age normal chickens form
germinal centres vigorously After 6-7 weeks of
age, the number of germinal centres after antigeme
stimulation begins to decrease evenly paratlel with
the mvolution of the bursa of Fabricis {14)
Because of the fow number of germinal centres
detected 1 the two oldest groups, we could not find
any difference between the tolerant and normal
birds
When seeking to elucidate the brologteal role of
the germunal centres the followng facts should be
borne 1n mind normally the first germinal centres
start to appear 1n chicks about 10 days after
hatching, but antigemc stimulation resuits 1 an
earher appearance (1 6) The most vagorous germinal
centre formation occurs around 36 weeks of age
O!d birds form germinal centres poorly even after
antigenic stimulatton and 1o spite of good antibody
responses (5 15) The formanon of germmal
centres 1s obviously a complex reaction since
histocompatible T and B cells are required in
addition to dendritic reticular cefis (13} The present
results demonstrate 1n accordance With earlier
observations in rabbits (2) that during the tolerance
germinal centre formaton as respoase (o the
tolerogen 1s poor Possibly studies with isofated
germunal centres (11) may prove helpful 1n elucida
ung therr immunologtcal function
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AUTOANTIRODIES IN SERUM AND SPUTUM FROM
PATIENTS WITH CYSTIC FIBROSIS
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and HENRIK PERMINY
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Schez P O Egeskpold E M Haby N & Permn H Autoantibodies 1o Serum and sputuss from
pavents with cystic fibrosis Acta path microbsol scand Sect C 87 319-324 1979

Sera from 89 patients with cysuc fibrosis (CF) and 88 control persons were examuned for the
ocaurrence of rheumatold factors (RF) of the IgG IgA and IgM classes by an indirect immunofluore
scence method and by the latex fivaton shde test The prevalence of RF 1gG was sigmuficantly hugher
{88%) (<0 0003) among the CF Patients thay among the control persons (7%) while no difference
was found between the tWo groups With regard to RF of the IgA or IgM classes Fifty five of the CF
patients had chropic Pseudomonas aeruginosa mfection 1 their lungs and two or more precipiting
agaltist these bacteria 1 therr Sera d by crossed ! These CF patents did
not differ from the 34 CF patents without chrome P agruginosa infection netther wyh fegard to
prevalence nor wter of RFs but there was a positive correlation between the number of P aerugiosa
precipibns 10 the 55 chromcally infected CF patients and their titers of 1gG RF Nineteen CF patients
WeTe examined alse for RFs antinuclear antibodies (ANA) and aatt DNA antibodies 1n theys sputum
sof phase and sera RFs were m the sputum spl phase from 6 of the
patients by the latex fixanion test, Whereas thert Sera were negative mn this test possibly indicating a
loal production of RF Positive reactions for ANA and anti DNA antibodies were found in 7 and 10
of the sputa respectively and i higher fiters than m the corresponding serz also suggestng a local
production Titers of antoanubodies 1n sputum were low and no difference was found between patients
with chronic P aeruginosa infection and patents Without P aeruginosa nfection The possible role of
10 the of p 1y tissue damage 16 CF patents 15 discussed
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Auteantibodies 1 serurm 1n the form of theuma
towd factors (RF) and anunuclear antibodies (ANA)
bare tean demonstrated 1n a variety of infectious
iseases. ‘wnh a prolonged or chromic course These

seemt 10 be with el
Segradation hypenmmumzation aganst the cavsa
luve agent and immune complex formation hetween

rcrobial antigens and the corresponds
4 wnugens on responding antibodies

In patsents with cysuc fibrosis (CF} who suffer
from recurrent and chrome infections — especially
with P deruginosa (12} one finds pranaunced cell
d as well as b; agamnst
# acruginosa (13) and mmmune complexes presu
mably hetween P aerugingsa antigens and the

d have been d
2150428 29} In previous studies ANA was found
m serum from 1/4 of these patients byt the
prevalence of RF of the IgM class ~ as determyned







Bétrng "Wezke (West Germany) Monospeaificity was
secured as described for ANA To avod peafi

nope were positive for IgA RF The resulis

sinang the antisera were absorbed with Rabbu Liver
Powder (Difco) 100 ma/ml Al sera and sputa were
ested b the Latex fixaron test (Behning -Werke test k)
26

Annuclear Antibodies and Anu DVA Aanbodies
for nce of

specific {GS) 308 organ non specsfic (QN) ANA belong

g to the 1gG 1gA 2nd 1M classes were 2lso tarned.
out, Rat liver cryostal sechions and smears of solated
wd washed human served as puclear
substrates (35 36) Al the sputa and their corresponding
wrzwere scrorned for IgG IgA and JgM ANA undiluted
and diuted 1 4 This latter difution was used 1o avoud
false egauve reatuons due to prozone

he of RF [gG to be
sgmficantly hugher among CF patients than u1 the
contrat group (X2 = 116,d € ,p < 00005) No
significant difference 1n octurrence of I5A RF or
1M RF was found between the two groups Al
patients except one {1%) had a pegauve RA latex
Fizahon 1284 10 serum
In 55 CF pavents 2 or more P Aeruginosa
precipiens were found n serum This has previo-
usly been demonstrated to indicate a sysiemic
humoral immune response ta P aeruginosa wmfec-
tion (14 15) and mgh nymbers of P deruginosa
precipins are known 10 be closely correlated (0 3
Poor prognosis (16) The results showed that there

Posiuve samples were semmiquanufied by twolold diw
4ons wswg PBS gl 72 as didweat The sputs and

212 Wese d for the
oeuerenee of ane DNA antbodees oL I8G IgA and XM
classes and the kunetoplast of Crathida fuctlige served as
DNA subsuate £23) The detarled immunofluoresceact
fechoique bas been described earhier (25)

Conpugates FITC-labetled radbir 33G speafic for
bumin o y and p chams were from Dakopans
(Coprabagen) The angs 1
ere tasted for specificity by means of IgG 1gA and IgM
mondelonal bone marraw specimens from pauents with
multple myeloma and macroglobulmaemia 435 AW
Wusera showed mangspectfic ceactons 1 crossed

The fp Taues
s rsumated by OD 495/280 am were 035-08 The
Shées were examimed 1 3 Loz Orthoplan Naorescence.
mucroscope equipped far wncdent bight 28

were no fi betweers CF+ P and
CF-P with regard to the prevaience or Mer of RE
12G 1n serum (p > 005) There was, bowever, a
postve corelation between the pumber of P
aeruginesa preapins and the tuer of IgG RF in the
CF +P group {Spearman’s sho = 0445 p <
oo

The Jatex fivation test was posiive m the spuum
sol phase from 6 out of 19 patients (32%) 1 uters
Gom {4 @ { [6 The corresponding sera were
examned undiluted and 1 dilation 1 4 as well as
1 40 and all were negative thus indicatunig a possible
local production of RF Four of these pauents were
from the CF+P group and the remumung two
patients were from the CF-P group

Examination for RF of Ig65, IgA and IgM class

Stansuegt Momods

The Mara R futney test, Fishers wst, Spearmans
rrelauon coefficient R apd the X2 —test were used and
(‘_B'snmﬂme level of §% (double tavled test) was chosen

RESULTS

Tn Table | the distribuuon of the differens ppess
®1tun each RF class 55 given for serum from the
ff%l;aucnts In the conrol group only 6 persons

were positrve for JgG RF and 3 D%) were
Postave for 1gM RF - alt tn lowest titer ~ wihitde

by the i sputum sol
phase was negative for both the CF + P and the CF~
P patents Wit regard 1o ON ANA 208 200 DNA
2ntbodies 1n sputum the results are given 10 Table
2 The tiers of ANA 1o sera cortesponding to the
positve sputs were 1 most of these cases lower
wdicatng a possible local producnon of ON-ANA
of 1gG, IgA and 1M ciasses 10 one, five, 2nd one
pauent respectively Thas a toual of seven patients
out of (37%) had possibly a Jocal ANA productian
whie GS-ANA was not demonstrated 1n the
sputem

The nters of the ants DNA anubodies 1n Sera
corresponding 10 the posftive sputa Were m mast

TAB]
LE 1 Occurrence and Trers of Rhevmotord Factors (RF) og JoC IgA and P Classes in Serum of Cystuic Fibrosis

Panents
Titer
° i} AR 136 ¥os /Towl
15GRF
11 (12%) 12 13%) 30 34%
. ) 3
l:\Alifr 87 198%) 24 2% o 3“”) ’§7§§ o
8% (G1%) 44 5%) 301%) 101%) /89 : ;i;



by the conventional RA latex fixation test ~ was
only 6% {14 28)

The aim of the present study has been to
investigate whether RFs of other Ig classes than
1gM can be found 1n serum of CF patients with
special regard to patients suffering from chronic P
aeruginosa mfection (16) We furthermore wanted
to examune whether RF and ANA autoantibodies
were present in the sputum sol phase from CF
patients

PATIENTS AND METHODS

Panents

Sera from 89 CF patients were studied (54 males and
35 females) with an average age of 12 years (range 2-30
years) They all had a typical history of CF and markedly
elevated sweat electrolytes determned by the pilocarpine
tontophoresss method (9) Al patents have been
followed every month 1n our clintc with bacteriological
examination of sputum or tracheal aspirations and
evaluation of clinical status as detailed previously (i1
12) Furthermore 1n 19 of the abovementioned CF
patients the sputum sol phase was examined also

The patient groups consisted of (1) 11 patents (6
males 5 females, mean age 15 years range 7-26 years)
suffering from chromc infectton with mucoid P
aeruginosa {CF+ P} and each having more than {0
different P aeruginosa preciptuns n their serum (13)
The mean duration of the P aeruginosa respiratory tract
infection was 4 years (range ;-7 years) Routine studies
of the lung function showed a reduced vital capacity and
peak expiratory flow rate as compared with normal
values (32)

(1) 8 CF patients (6 males 2 females mean age 15
years range 8—21) without P aeruginosa nfection (CF~
P)and with 0—1 7 aeruginosa precipitins were examined
also The average vital capacity of their lungs was =1 SD
below mean normal values and the peak expiratory flow
rate was + 0 3 SD above mean normal vatues (32) In §
of the CF-P patents § aureus or H influenzae were
1solated from the respiratory tract during this study Sera
from a control group of 88 persons (44 males and 44
females) were examined also Their average age was [2
years (range 2-30 years) The control group conststed of
64 children without any signs of afectron — who were
admutted to hospital for mmor surgical operatrons and

24 healthy blood donors

rdses
was

1nvestigated by means of crossed tmuLULIL Loy resis

(microtechnique) as described previously (13) A close
correlatron between the presence of precipitating antt
bodies 11 serum and sputum sol phase has been observed

n
Sputury

A 3 hsample of sputum W:
nhibit proteolytic acuvity) from each patient

as collected at 4°C (©
petween 8

am and 1! am as described previously (3 27) Each
sample was b: by

and culture and the origin of the specimens from the
lower respiratory tract was confirmed by the presence of
respiratory epithehial cells and the absence of a significant
number of squamous epathelsal cells (12 27) So} phase
of sputum was obtained by ultracentnifugation at
120000 x g (maximum value) at 4°C for 4h 1n an S
501 rotor model L265 B Beckmann preparative
ultracentrifuge as detailed previously (27) and the sol
ggzse was subsequently stored m small aliquots at ~

C

Rheumatord Factor Examnation

The sera and sputa were mactivated at 56°C for 30
minutes before examunation for RF of the IgG, IgA and
IgM classes The method employed 1s a modification of
the method of Estes (8) It 1s specific for RF - IgG IgA
and IgM respectively (17)

Briefly a 30% suspension of formaln fixed erythro
cytes m 09% NaCl 1s smeared on glass shdes and
sensitized with rabbit ants sheep erythrocyte 7S globulin
(IgG) (amboceptor) On the slides are then layered sersal
dilutions of patients sera The slides are incubated for 30
minutes at room temperature 1n a moist chamber and

(working dilution 110) and after mcubation for 30
munutes and washing m PBS the shdes are motnted 1n

PBS glycerol 1 1, and read in a fluorescence microscope
- a L 1 wat an{frthalny Jeitz)

BG 38 glass filter, a KF 490 mterference filter and a [
495 dicroic murror for selection of excitation ight while
a KP 510 glass filter served as barrter filter

‘When examinng for IgG RF it 15 necessary to destroy
IgM RF which if present may give false positive 86
RF reactions (17) This was done by incubating the
patients sera with dithiothrertol (Sigma Chem Co)
{DTT) 0 154 g/100 ml 1/15S M PBS pH = 74 Serum
and DTT solution were muxed | 2 and then incubated at
37°C for 60 minutes and the latex test and the indirect
immunofluorescence test for IgM RF were then found to
be aegative After wncubation the muxture was further
diluted with PBS to the serum ditutrons of 1 9 1 18 and
1 36 before application on the test shde

Control shides Each serum was examined 1n paratlel
with a slide omutting the amboceptor This control was 1
no 1nstance found to be posttive Furthermore in each
series control shdes were included to detect any reaction
between the FITC anu IgM or 12G and the sensiuzing
serum or the sheep red blood cells Finally a known
posttive and negative serum was included All the siides
were read blindly by one of the authors

Amboceptor Rabbit anti sheep 7S globulin was obta

ned from Nordic (Tilbury The Netherfands) [t was
5 PNE o aenia m eancentration of 25 mg/mi
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TABLE 2 Occurrence of Organ Non Specific Anynuclear

Antibodies (ON ANA) and Anti-DNA Anuibodies of the IgG,

g4 and IgM Classes in Sputum Sol Phase from Cysnc
Fibrosis (CF) Patients

IgG igA JgM
19 CF patients postive/  posive/  posttive/
total total total
ON ANA 1719 6/19 4/19
anti-DNA
antibodies The 9119 2119

cases lower mdicating a possible local production of
anti-DNA antibodies of IgG, IgA and IgM classes
m six, five, and two patients respectively Thus a
total of ten patients out of 19 {53%) had possibly a
local antixDNA antibody production {three patienis
produced anti-DNA antibodies of two immunoglo-
‘ulin classes)

Al of the positive titers for ON-ANA and anh-
DNA antibodies in sputum were low (max 1 8)and
there was no significant difference 1n occurrence of
these types of ant:bodies when the CF + P patients
were compared with the CF-P patients Only two
patsents have a possible local production of both
ON-ANA and ant1-DNA antibodies - 1 both cases
of the IgA class

DISCUSSION

The finding that autoimmune antibodies are fre-

Our mability o demonstrate RFs 1n the sputum

s0l phase by the immunofluorescense technique was
surpnising, compared to our findugs with the fatex
fixation test The constderable proteotytic actvity in
purulent secretions 1s well documented (20) and
with the necessary heatng of the sputum sol phase
10 56°C m 30 munutes before examnation for RF
by immunofluorescence, enzymatic clevage of the
RFs may have taken place This 1s supported by the
positive fatex fixation tests 1n six patients {the latex
fixaion test does not require heatng of the
3t } Another mght be that the
IgG RFs are bound to immune complexes present i
the sputum sol phase and thus avoid detection, or
the autoantibodies may have been removed 2s
cry bl pl during the
preparation of the sputum sol phase

As far as local ANA and anti-DNA antibody
produchion 1s concerned we found no difference
between the CF+ P and the CF-P patients 1n the
present work but 68% of the CF patients posstbly
have a local production of ANA or antiDNA
anuibodies mostly of the JgA class

The high prevalence of autoantibodies 1n sefum
and sputum of CF patients 15 m accordance with the
concept that the production of RFs may be a
secondary event following repeated immunization
with a foreign antigen The recent results of Carson
et af {4), who exammed patents with subacute
bacterial endocarditis longitudinally, showed that
the high titres of IgG RF demonstrated i these
patients fell to normal values after treatment of the
underlymng bactenial disease (4} The tissue damage
caused by the lung infections in CF patents will

b h to prod of ANA and

quent 1 patients with chromic Yy diseases
accompanied by lung mfection 15 confirmed by our
results (1, 2, 10,33) The prevalence of IgG RF m
serum was as high as 38% There was no
significant difference between the 55 patients with
P aerugmosa precipitns and the 34 CF patients
without P aeruginosa precpiins neither with
regard to prevalence nor to tter of IgG RF This s
not surprising since CF patients contract frequent
lung infections with many different pathogens (12)
The correlation of the IgG RF titers with the uters

of P aeruginosa precipitiis may be explained by

bad:

antt-DNA Several howe-
ver find 1t unlikely, at least 1 rheumatod arthntis
that autoantibodies — notably RFs — are merely

bertign 1nd; of t @2) I
expenimental systems 1t has been shown that RF
| d with

y lestons  a:
diffuse proliferative tung disease (6), and deposits of
1gM RF have been demonstrated n the lungs in
patients with rheumatod lung disease (5) There 15
furthermore suggesuve evidence for the parucipa
ton of ANA and RF 1n the formation of immune
compl (18 19 24 30, 31 37) and ANA and

ncreased p for antig reactions
between P aerugitosa antigens and the correspon-
ding 1gG antibodies 10 patients with meny P
precip Such react: may induce
l]‘g‘(; RF antibodies agawnst hidden antigentc determi-
pants of the patient’s 1gG which are exposed during
smmune complex formation (1, 4,21, 28,’_29) Tl;l_ls
1s interesyng smce 2 tugh number of spect ;’c
precpiuns 15 closely assocrated With ch(mmc] b4
aeruginoss infection and a poof Prognosis 13,

aan

RF may participate in the yimmune complex activity,
which has been demonstrated i sputum from
CF + P patients (23, 28 29)

Thss work Was supporied by the Danfsh Medical
Research Councll the National Danish Association
against Cysuc Fibrosis and the Narnonal Assoclation
against Rheumatic Discoses We thank Annl Bethien
Birthe Nissen Agnete Romer and Ethnor Ward Fetersen
for skilful techmeal asststance
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CYTOSTATIC AND PHAGOCYTIC CAPACITY
OF LYMPHOKINE-ACTIVATED HUMAN MONOCYTES

GEIRMUND UNSGAARD

The University of Trondheim, Department of Medicine, Section for Haeratology and Immunology,
N-7000 Trondheim Norway

Unsgaard G Cytostatic and phagocyuc capasity of lymphokme activaed human monocytes Acta path
microbiol scand Sect. C 87 325-332, 1979

Human monocytes were rendered cytostatic to the human cell hoe NHIK 3025 by exposure to
Iymphokue supernatants (LS) from BCG sumulated lymphocytes Esposure to 1S for 1, 2 and 4 b
mduced a considerable cytostauc capacity 1 the monocytes However, a stronger cytostatic effect was
acquired by exposure to LS for 24 h and 72 h The phagocytosts of 1231 tabelled Candida albieans by
L8 acuvared monocytes was compared with phagocytosis by momocytes treated with control
supernatants {CS) The mgesuon was increased by short exposure 10 LS Yiowever a 72 h esposuse to
LS (duced a decreased mgesuon capacity The capaciy of the LS activated monocyles to digest
mgested € albecans was suppressed DNA syathesis was mcreased 1 the LS activated monocytes
while protem systhess was not sigmificantly influenced The cyiostauc capacity of LS-acuvated
monocytes was abolished by culture for 24 b after removal of LS Following removal of LS or €S
e . of differentiation were less
I . . .

alsa reduced 1n the former

Key words Monocytes cytostasis phagocytosis, lymphokine activaton human

G Unsgaard Trondhein Regional Hosputal Department of Medicise, Section for Haematology and
Immuoology N 7000 Trandheim, Norway
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Prenous expenments 1 our laboratory have
demonstrated that eytostatic and cytocidal capaciry
1o2e hymaa cell hine NHIK 3025 can be nduced 1n
bumtan monacytes both by 1 witro culture 1n the
I‘l’t;me of human serum (6) and by lymphokimes

) The former procedure brings about differents-
#40n of the monoeytes into Yarge oelis {1 2) showing
trcreased protein synthesis {6) and anereasad phago
OHs of heat kiled Candida albicans (9) The
000Cy1es had 10 be Culfured fn 1 fon famnets @
days
cells

stror . .
only -« LR W
o atuuon
s&:m\:: H_napbokmcs accelerate the differentation

1 x -
'

MATLRIALS AND METHODS

Celf cultres Monouwklear lencocytes were tsolated
from veaous blood Obtaned from healthy BCG
vaccinated volunteers (8) Monocytes were cultured at
the bottom of dishes (Costar 3506 © 35 mm) for the
cytostauc assay and 01 coverships (10 5x 22 mem) for

the phagocyuc assay 284 for the morphological study
The coversfine wera nlarad a3 o+

. v “ue uow dneieot cells
removed 90 mun later {7) Target cell in the rvtostat ~ ans
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Duration of lymphokine exposure hours Ouration of lymphakine exposure hours

fg TM Cytostatic capacity of monocytes exposed to lymphokines for different ntervals of time The graph shows
R mn Irures of LS-expased and tumour cells expressed as percentage of JH TdR

Incorparation 1 co-cultures of CS-exposed monocytes and tumour cells n=§
:‘: IB Phagocytosis of 125] Iabelled € albrcans by monocytes exposed 1o lymphokines for different 1ntervals of
't The graphs show total o) released to (a—a4),and

(=]
;mtn'zgc radioactivity 1n the sediment (0 O) for LS-exposed monocytes expressed as percentage of the values
o CSexposed monacytes n=6




pooled human ABRh + serum, 0 1 mM l-glutamine and
40 pg gentamicin per ml (HS M)

Lymphokine supernatants Lymphocytes were cultu-
red 1n a concentration of 106 cells per mt HS-M 1n
round-bottomed tubes (93 X 24 mm) Lymphokine su-
pernatants (LS) were produced by stumulating the
lymphocytes with Mycobacterium bowis, stran BCG
(Statens Seruminstitut, Copenhagen, Denmark), as desc-
rihed previously (7) Control supernatants (CS) were
obtained from non-stimulated lymphocyte cultures
After 24 h the supernatants were collected, filtered
(Miilipore 045 pm) and, 1f necessary, stored at 4°C

Lymphokine actnation Monocytes were incubated for
various periods of time with LS or CS diluted 12 1n
fresh HS-M The supernatants were then removed and
different monocyte functions were tested At that time
monocytes had usually heen cultured in vitro for 4 days

In some experiments the lymphokine activated mono-
cytes were subsequently cultured in HS M or FCS-M (2§
per cent foetal calf serum obtained from Gibco, Bio Cult
Glasgow, Scotland, substituted for the human serum) for
4 or 24 h before cytostatic ability was tested In other
experiments, activated monocytes cultured 1n HS M for
24 h were re-exposed to lymphokmes

Survival of monocytes was registered by counting
attached cells in an mnverted phase contrast microscope
(% 400) Ten visual fields were counted per culture The
value per experiment was the mean value of duphcate
cultures

Cytostanc capacity of monocytes was registered as
described previously (6) Briefly, 105 NHIK 3025 cells in
1 ml HS M were added per dish making the monocyte/
tumour cell ratio about 2 1 The monocytes had heen
washed with warm RPMI 1640 prior to addition of
tumour cells The monocytes and tumour cells were co
cultured for 24 h Four hours prior to termination, 0 5
nCi 3H-thyrudine (3H TdR) was added per ml In some
experiments 3H TdR was added erther tn the HS M used
Ao she start af the 24 bassoy ar ap fresh HS M The
two procedures gave almost identical results Therefore
IH-TdR was later added without change of medium The
results are usually as JH-TdR
(c pm) in monocyte/tumour cell co cultures calculated
as percentage of JH-TdR incorporation in tumour cells
cuftured alone

Cytocidal capacity of monocytes NHIK 3025 cells
were labelled with 3H TdR (6) 2 x 104 lahelled cells 1n 2
ml HS M were added per dish making the monocyte/
tumour cell ratio about 101 The dishes had been
washed with warm RPMI prior to addition of tumour
cells The cells were co-cultured for 72 hours The
radioactivity released to the supernatants was calcufated
as percentage of total radioactivity nured

agocytosis For this assay monocytes were cul
onigvirg:ps One ml of a suspension of 2x 106 h;";
Killed, 1251 labelled C albieans (9) 1n HS M was ad e
per dish After an uncubation period of 15 by "
coversiips were washed 12 tmes 1 RPMI an
placed n new dishes with fresh H(S{;\L ki;olf‘f““_;‘;:
The cultures were harveste ater
:3:;3;0:'35 centrifuged (1800 G for 10 mn) and the

PETH

radioactivity 1n the supernatants, n the sediments and on
the coverslips was measured 1n a Packard Auto-Gamyy
counter

Proten synthesis and DNA synthesis 1 bymphokine.
activated monocytes In order to minmize contaminatigy
of adherent lymphocytes, the monolayers were washed
six tmes with warm RPMI prior to addion of
lymphocyte supernatants One pCi 3H-leucine (sp agy
10 C1/mmol) or 0 5 uCy 3H-TAR {sp act 25 Ci/mme))
was added 1n | mi fresh HS-M 4 h prior to harvesting

Harvesting Both 1n the cytostatic assay and w the
assays measuring protewn synthesis and DNA syntheys
1n monocytes the cells were lysed by distilled water ang
harvested on filters by a Titertek multtple cell harvester
)

Morphology Cells cultured on covershps were studipd
1n micro chambers (12)

Stanistics Al expertments were performed 1n dupl,.
cate Results are gtven as the mean * SEM of g
experiments The p values were calculated using the
Wilcoxon two-sample test

RESULTS

Cytostatic and Cytocidal Capacity of Lymphokine.
actnated Monocytes
In six experniments, monocytes exposed to lymp.
hokine supernatants (LS) for 72 h mhibited DNA
synthesis n tumour cells to a mean of 51 + 8 per
cent of controls (tumour cells alone) Monocytes
exposed to control supernatants (CS) did not infubit
DNA synthesss 1n tumour cells, the mean valug
bemg 111 = 3 per cent of controls The
lymphokine activated monocytes also had a strong
cytocdal effect on tumour cells, measured as release
o radatvRy o pridavati’ dmour calls (6
during 72 h of co-culture The spontaneous release
from tumour cells was 28 * 3 per cent, the release
from co cultures with CS treated monocytes was 38
+ 8 per cent and from co-cultures with LS-
activated monocytes 64 = 17 per cent (n=15)
The Kinetics of the induction of cytostatic
capacity showed that the monocytes had to be
exposed to LS for more than $ min to be rendered
cytostatic (Fig 1A) Monocytes exposed to LS for 1,
2 and 4 h were weakly cytostatic, while 24-h
exposure induced almost as strong a cytostatc effect
as exposure for 72 h
C with the 1nd of cy
capacity in the monocytes, there were morphologi-
cal changes {Fig 2B) The number of perinuclear
phase-dense granules was reduced and vacuoles
appeared 1n the cytoplasm of the activated monocy-
tes The cells treated with CS showed about the
same morphology as cells cultured 1n HS-M (Fig

2A)
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Phagocytic Capacity of Lymphokine-actiated Mono-
cytes

Monocytes exposed to LS for 72 h showed
decreased capaCity to ingest radio-labelled C albr-
cans (Fig 3A), as measured by total radioactivity
(cpm coverslips + cpm sediment + cpm
supernatant) This was not due to alteration 1
number of cells, since there was no sigmificant
difference 11 the survivai of LS activated monocytes
as compared to controls treated with CS or
incubated m HS-M (Table 1) counted after 4 days of

Survival of Monocytes during Lymphokine

TABLE |
A and during Pr Culture in HS-M

Monocyte exposure No of cells per visual (ield

from 24th to

96th b 1n culture Day 42 Day 8

LSe 9x4 285

Cs 385 458

HS M 385 446

2T of the peniod
n=10¢

® Termination of 4 days culture 1 HS M after

columns show total {A), and p of
total radioactivity found 1n supernatant (B) and 1n
sediment (C) at the termmation of the 24-h assay n= 6

y
¢ LS Lymphokine superpatants CS Control superna
tants HS-M



cdtore The digestion of the ingested particles

‘measured as percentage of total radioactivity relea

s to the supernatant was strongly suppressed 1n
1S-activated monocytes (Fig 3B) The radioactvity
m the sediment indicatng detachment of cells
contatning und gested particles was strongly ncrea

sed 1 the LS activated cuftures (Fig 3C)

The ingestion capacity of the monocytes exposed
1018 for up to 24 h was increased slightly the
icrement betng sigmificant (p<0 05) for the 1 h
ewposure only However a sigmigrcantly reduced
dgestion capaaty (p<<0 0S5) was noted after LS
exposure for 4 h Moreover a significantly mcrea
sed detachment occurred after LS exposure for 2 h
(p<005)Thus the lymphokine induced reduction
ofd gestion capacity and in particular the reduction
of mgestion capacity 1s retarded as compared to the
nduct on of eytostatic capacity (Fig 1A and 1B}

Effect of Lymphokine Activatson on Protewn Synthests
and DVA Synthests in Monocyte Monolavers

The H leucne incorporation was not sigmfi

¥ (p>0 S altered m the LS actrvated monocy

s compared to the CS treated monocytes (Fig

The SHTAR mncorporation was however
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co-culfures as percentage of ¢

3H-TdR incorp

T v

0 4 24 hours
Interval between removal of
tymphokines and cytostatic assay
Fig 5 Reversal of cytostatic capacity after removal of
LS Monocytes exposed to CS (A A)or LS (@ O)
were tested immedhately and after culture for 4and 24 b
mn FCS M ( Jor HHM (—)} n=5

increased sixfold i the LS actnated cells as
compared to the CS treated cells (p<<0 01) Despite
thorough washing of the monolayers 1t might he
that the increased DNA synthesis was due to
stimulation of adherent lymphocytes However the
mitogeme effect of LS on 25 x 105 lymphocytes
(almost equalling the number of adherent cells per
dish) was tested by using the same activation
protacol The *H TdR mcorporation was found to
Increase to a mean value of 410 = 130 cpm
(n—5) which 1s 2 60 per cent increase as compared
to CS treated lymphocytes Accordingly 1t seems
reasonable to assume that there 15 an activity 1n LS

Wwhich induces DNA synthes:s in adherent monocy
tes

Reversal of Acttvation after Removal of LS from the
Monocytes

The cytostatic capacity of activated monocytes
‘was lost readily after removal of LS Post activation
culture of monocytes 1 HS M for only 4 h before
starting the assay brought about a drastic reduction
n cytostatic capacity (Fig 5) Post activation culture
n FCS M cavsed a slower reversal of the activation

After 24 h the monocytes had lost the LS nduced
cytostatic capacity
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Fig 6 Cytostatic capacity of monocytes cultured from
24th to 96th hin HS-M (8S3) CS (D) or LS (=3), and
then for 4 dayssn HSM n=S§

Reduced Differentiation during Post-activation Cul-
ture in HS-M

Development of cytostanc monocytes by pro-
longed in vitro culture m HS-M appeared to be
blocked by previous 1S-activation (Fig 6) This

3H~1dR Incorporation in monotyse/tumour cal)

co-cultures as percentage of controls

1 1 1

1
8 days
Durahion of monocyte
cultyre

Fig 8 Reacuvation of monocytes LS-actvated monocy-
tes were cultured for 24 h 1n HS-M and then the cells
were recxposed to CS(®- - -A)or LS(@+.--@)for
72 h before the cytostanc capacity was tested n=6

ocould be due to reduction in the monocyte/tumour
cell ratio, since there was a decreased survival of
monocytes 1n the post-activation pertod, measured
as the number of cells 4 days after remaval of LS
(Table 1) By matching CS- and LS-exposed
monocyte cultures contamng about the same
number of cells, it was found that the mean
cytostatic capacity 1n four such pairs was 55 = (3
per cent of controls for previously CS-exposed
monocytes (cell number 30 * 6 per Visual field)

Fig 7 Monocytes exposed to CS(A)
(% 400)

and LS (B) from 72nd to 96th h and subsequently cultured 1n HS M for 4 days



and 101 £ 9 per cent of controls for monocytes
prev ously activated with LS (cell number 30 = 6
per visual feld) Monocytes activated by a 24 h
exposure to LS also showed reduced survival and
teduced development of cytostatic ability during
subsequent culture 1 HS M

The morphology of LS acuvated monocytes
alured subsequently 1 HS M for 4 days was
different from that of monocytes treated previously
wib CS{Fig 7A and 7B) The activated monocytes
were less dispersed and showed less pennuclear
Phasedense granules than CS treated

ablity and phagocytic abihty are dependent on
entirely different mechamsms Phagocytosis of heat
kilted C albicans 1s due to membrane functions (9)
and probably to activity of lysosomal enzymes (11)
Cytostatic abihity could be due to some other
mechanism  such as the hydrogen peroxide/supe
roxide system or another as yet unknown system
Because of energy economy lymphokmes would
then increase the cytostatic function on behalf of the
phagocytic function Several observation are n
favour of this hypothesis Firstly the reduced

Y

Reacinat on of Monocy tes
-

v
anated the cytostatic abiity of these cells {Fig 8)

DISCUSSION
The results show that lymgp affects

1 the post penod 1S i
with of by
lyrphokines Secondly the strong reactsvation of
the monocytes might mdicate a metabolic reorgant
zauon during the first activation Thurdly the
mcreased DNA synthesis indicates an active pro-
cess Fourthly the kinetics of lymphokine acuva
tion show a rapid onset of the cytostatic effect while
in comparison the depression of digestion s
somewhat delayed and the depression of Ingestion
much delayed A change in the metabolism from the
f

Donocyte phys ology 1n a way unlike the different

aon brought about by culture m the presence of
buman serum Whyle the cytostatic capacity snduced
by prolonged i watro culture n human serum was
compamed by increqsed phagocytic capacity and
eTesed protean synthesss (6) the 1

of functions would lead to a
gradual depression because of the turnover of the
(enzymes ol
ved 1n phagocytosts
A third explanation might be that lymphokines
nduce a de stabilization of membranes with release
f

m:umn of the cytostatie capacity was accompa
:llu by depressed phagocync capacity and no

Presence of foetal calf serum
Considering hyy human sery,
sl a
afl 15 2 better inducer of

of matenial to the micro
milieu including enzymes necessary for digestion of
C albcans This could be due to 2 phystological
mechanism or weak 1mjury 1o the monocytes by
toxic substances The increased detachment of
monocytes during the phagocyuc assay mdicates a
toxic effect though a mobilizatton of cytoplasmic
membranes for other functions than attachment
would also lead to mcreased delachment The

Supports the idea of lymphok
:":’i;uon being brought about by a mechamsm
o ;:;l:vm( from the mechanism of differenty

Soner o rs: there are other explanations for the

p Unlikely for several reasons
h‘;‘gﬂv survival of monocytes following lympho-
i :éuvzuon S DOl reduced a5 compared to
oy ms‘e:ondly brotein synthesss 15 not reduced
e ted monocytes Thirdly DVA synthesis

L €S 18 1ncreased

€T exntananon could be hat Laue

veduced duffe and the reduced survival
during post actvation culture could be due to a toxic
effect of lymphokines However the strong reacts
vation opposes this explanation

Neither the hypothesis ndicating a lymphokine
1nduced alteration 1 metabolism nor the hypothesis
indicating a lymphokine tnduced release of ntrace]
Iufar matenial 15 finally confirmed by the results

results which support this observation Nalha; c‘&‘
Terry (4) found that peritoneal macrophages from
’BCG mfected mice show 'v.:’ecrmsad phagocytosis

from

as
untreated muce  Macrophages from BCG treated
N



100

[«:]
3 3
—

ion in monocyte/tumour cell

15
[=]

(2N
[~ =]

co-cultures as percentage of controls

3H-TdR incarporat

HS-M  CS LS
+HS-M for 4 days
Fig 6 Cytostatic capacity of monocytes cultured from
24th to 96th b i HS-M (&), CS (1) or LS (=3), and
then for 4 days 1n HS-M n=35

Reduced Differentiation during Post-actvaton Cul-
ture in HS-M

Development of cytostatic monocytes by pro-
longed in witro culture i1 HS-M appeared to be
blocked by previous LS activation (Fig 6) This
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Duration of monocyte
culture
Fig 8 Reactivation of monocytes LS-activated monocy*
tes Were cultured for 24 h 1n HS-M and then the celis
were reexposed to CS (®- - -A) or LS (@-. --@) for
72 h before the cytostatic capacity was tested n=6

could be due to reduction 1n the monocyte/tumour
cell ratto, since there was a decreased survival of
monocytes 1n the post-activation period, measured
as the number of cells 4 days after removal of LS
(Table 1) By matching CS- and LS-evposed
monocyte cullures containing about the samé
number of cells, it was found that the meal
cytostatic capacity n four such parrs was 55 % 13
per cent of controls for previously Cs-exposed
monocytes (cell number 30 = 6 per visual field)

Fig 7 Monocytes exposed to CS (A) and LS(B)
(x 400)

from 72nd to 96th h and subsequently cultured 1n HS M for 4 days
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of human in vitro
endotoxin  Acta path mucrobiol scand Sect C 87

of

ocytes ds 1n protein free media was quanttzuvely high and not
2:(::::?‘:: :lfv:kn:: m,omm :;s,suo‘;d of plasma albumin or gelatin 1n increasing concentrations
gradually reduced leukocyte adhesion witch then became mcreasingly dependent on divalent uml:ns
Heat inactvation of plasma did not affest leukocyte adhesion Leukocyte mugration in glass capll agd
tubes which was dependent on a heat laptle plasma factor was promoted by each of the proteins st
and by siliconizing the tubes Leukocyte fMigration in milhpore filters was enhanced when albumin was
present in the cefl starting compartment, Lidocam reduced both leukocyte adhesion to protetn-coated
Blass and leukocyte mugration in capilfaTy tubes and mullipores filters Ethanol reduced Jeukocyte
2hesion #nd leukocyte filter migrauon £ cols endotorin enhanced adhesion of feukocyles but inhibited
thew migration in tubes and filiers The findings indicate the existence of 3 relationship between ad

hesion and migration of leukocytes

Key words Leukocyte adhesion leukocefte Migration proten coaung lidocain ethano!l endototn
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Adhesion and rmgraton of phagof¥les are
important features of the mflammatory Tesponse
Since migrauing phagocytic cells craw] oft more or
Yess solid surfaces variations in the adhesiveness of
these calls, oy woddy Ee lenmesa FARAST;

.

W U1 PUARLCYLIL WS v rucuregor ¢f al 1974
Rabinowitch & DeStefano V975 Schreler et al
1977) in the present work the influence On human
leukocyte adhesion and migration of 8 Dumber of
factors was studied fn virro and the resuls
compared The factors included weft plasma

albumin gelatin divalent cations hidocin ethanol
and endotoxin

MATERIAL AND METHODS

Blood was donated by members of the laboratory stafl
and by medical students All blood specimens were
hepaninized to contain 10 1u per ml Casein Hammar
sten and disodium EDTA were purchased from Merck
Darmstadt "West-Germany endotoxn {E cols 026 B6)
and gelaun from Difco Laboratories Detrost, Mich
USA hepann from Apothekernes Laboratorium
Oslo Norway human serum albumin (HSA) from Kabt
Haslum Norway and hdocain from Astra Sodertalje
Sweden. Glass beads were purchased from Dragon
Werk Bayreuth West-Germany Micro-hematoerst ca
pillary twbes from Modulohm Herslev Denmark
modified Boyden chemotanis chambers from Neurop-
robe Bethesda Ma USA and millipore filters from
Mutipore Filter Corp Bedford Mass US A Columns
for the glass beads were made from commercial
polyvinyl tubing Hanks balanced salt sofution (HESS)
containing 12 » 104\ Cas + and 8 ¥ 1043 Mg+
was used as the main cell-suspending medium

faolation of leukocyles Leukocytes were 1solated by



been demonstrated by m wirro experiments with
mouse cells (5)
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The adhesion of leukocytes to glass beads 1n profen free medi2 was quaptitanvely high and ot

dependent on divalent cavons Addmon of plasma alburin ©f gelatn IR increasing LONCENLrALONS
gradually reduced leu¥nevia adhos an nhk b be- & .

Heat wnactivatt
tubes whach ¥
and by siicont -
Present 1 the "
glass and fevhuuys® siugtauon m capilary tw

es aad millipores

filters  Ettanol reduced

Teukocyte

adhesion and leukocyte fifter migration E coli endotonn enhanced adhesion of levkocytes but ihibyted
their migration m tubes and filters The findings indicate the exsstence of a relavonship between ad

heston and rasgration of leukocytes

Key words Leukocyte adhesion leukocyte mugration protesn castng hidacan ethangl eadotofin
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Adhesion and migrauon of phagocytes are
important features of the mflammatory response
Since mugrating phagocytic cells crawd on more or
Jess 5ol surfaces vanations in the adhesiveness of
these cells onay modify ther locomotive Capacity
Several exll researchers have reported that environ
menta) factors swch a5 protems and divalent cations
may influence strongly the adhesion of different cel)
B7es © arufical substratums (Fenn 1923 Taylor
1981 Ganin 1968 Takeich 1971) Also drugs and
factors may modify adhesion and Yocomo-
o of phagocyuc cells (MacGregor er al 1974
Rabinowttch & DeStefara 1975 Schneler et al
1977) In the present work the influence on human
Yeukocyte adhesion and mugration of a umber af
factors was studied jn wro and the results
compared  The factors wxluded were plasma,

albumin gelaun divalent cations idocan ethan
and endototin o

MATERIAL AND METHODS

Blood was donated by members of the laboratory stafl
and by medical students All blood specimens were
hepatinged 0 contain 10 1w per ml Caseyn Hammar

sten 20d disodium EDTA were purcnased from Merts
Darmmstadt, West Germany endotoxin {E-coh 026 B6)
and gelatin fram Dhfoo Laboratories Detort, Mich

USA hepann from Apothekernes Laboratonum
Ost¢ Norway human serum atbumen (HSA) from Kabt
Haslum Norway and hdocam from Astra Sodertalje

Sweden. Giass beads were purchased from Dragon
Werk Bayreuth Wesi-Germany Micro-hematint ca

pilsaty Wbes from Modulohm Herslev Denmark

modified Boyden chemotauis chambers from Neurop

abe Bethesda Ma USA 20d millypose filiers from
Y ffrars B amrm — = . .

for v . ¢ w ..
poly+ .
cont . x i
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wsS wed 2y e am celiSuspending medwm
Isolation of leukocytes Leukocytes were isalated by



dextran sed| and the

erythrocy-
m

concentrations, no such haze was observed before
After incub, for 2 at 37°C, the distance

tes were lysed with ammontum chlonde, as
detail elsewhere (Schreiner 1978)

Adhesion assay Adhesion was measured as percen-
tage retention of leukocytes after passage through a glass
bead column The polyvinyl column (length 80 mm,

between the demarkation of the salid cell layer and the
border of the cell haze was measured with an ocufar
mucrometer and expressed in mm When measunng this
distance, the ten most distant cells were disregarded
E , the distance n this way s referred

mternal diameter 5 mm)
11,500 glass beads with an average diameter of 0 5 mm,
yielding a total glass surface of approximately 9 x 103
mm?2 A cell 7 x 109

per litre was perfused at a constant flow of 0 2 ml per
min, and leukocyte counts were made n the first 0 S m!
eluate The columns were tilted shghtly from the

1o as the »cell front size« In some expersments the cell

front present before incubation was also measured
Mulhpore filter nugranon The rate of granulocyte
filter mugration was determined, using modified Boyden
b and three pore size
mullipore filters The upper compartments contamed a
of25 x 1091 ytes/11n HBSS with 2%

horizontal position n order to ease the of air
bubbles The method 1s described in detan elsewhere
(Hopen & Schreiner 1979)
Tube mug Mi of ytes on the 1nner
surface of capillary glass tubes was studied, using a
modification of the method described by Kerchel &
Favour (1955) A of leukocy 7
X 109 cell/l was aspirated 1nto hematocrit capillary
tubes and the tubes were sealed by heat at one end and
centrifuged at 2500 X g for 3 min It was observed at
the start of the study that before incubation, and 1n the
absence of protein in the medium, feukocytes 1n relative
abundance were attached to the inner surface of the
capillary tube in its full length Therefore, in later
the leukocy was aspirated only
to the mid-point of the tube, the tube was sealed at the
opposite end, and the leukocytes were centrifuged down
to that end In these tubes, when no protein or only a
small concentration of protein was present, cells were
seen to be stuck 1o the mnner surface of the capillary tube
1n its upper half, and a haze of cells was observed above
the solid leukocyte layer (Fig 1) With higher proten

CELL
FRONT
SIZE

surface of a
Fig | Leukocytes attached to the nner
capillary tube after centnfugation when protein frz
Jeukocyte suspension had been aspirated half way 10

the tube
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HSA, etther alone or combined with a test substance The
lower compartments contained approximately 4 mg per
m! casein 1n HBSS In the endotoxin experiments, equal
concentrations of endotoxin were present i both
compartments The rate of migration was determmed by
counting cells that had reached a section of the filter 75
micrometers from the cell-starting side after 1ncubation
for 2 hrs The method has been described in detail pre
viously (Schremner 1978)

Statisties The Wilcoxon rank sign test was used for
the statstical calculations

RESULTS

Influence of plasma on adhesion and mugration
Expeniments were made with varying concentra-
tions of plasma The leukocyte adhesion, when
measured as retention mn glass bead columns,
became ncreasingly reduced as the plasma concen-
tration was increased Addttion of 10 mM EDTA to
chelate divalent cations had lttle effect on the
retention of leukocytes mn the absence of plasma
However, the mhibitory effect of EDTA on
retention tncreased with increasing plasma concen-
tration and was complete with undiluted plasma
(Fig 2a) In the tube migration experiments, a front
of cells, which decreased with increasing plasma
concentration and reached zero at 10% plasma, was
observed before incubation After incubation, the
distance measured from the sohid cell layer to the ten
leading ceffs 1n tubes with 10% and 100% plasma
had increased sigmificantly, indicating a true migra-
tion, whereas the size of the cell front i tubes with
0 and 1% plasma was unchanged (Fig 2 ) When
the experiments were repeated with addition of
EDTA., there was no significant difference 1n the
cell front size before or after incubayion at any
plasma concentration studied (Fig 2¢)

The retention tn glass bead columns of leukocytes
suspended 1 plasma which had been heated for 30
min at $6°C was not sigmificantly diflerent from the

retenon of leukocytes suspended 1n untreated
= 7,p >~ ot chawn) In capillary

plasma(n =
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) on the cen fr

ont size in the absence of EDTA
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:I‘.:m with Ytes in heat

Py 70 mugration could be observed (n = 7 not
Influence on adh

and gelat n Glass

expEnmeEnts were

€S on and mugration of album n
bead columns and capillary tube
made using leukocytes suspended

1n HBSS 10 which different concentrations of HSA
or gelatin had been added In glass bead columns

the retention of leukocytes decreased as the concen

tration of each protem was increased Additton of
EDTA Jed 10 a further reduction of the retention i
each case (Fig 3a and b) In the capillary tube
experiments the cell front present before incubation
was ly reduced as the of
each addiuve Was increased The size of the cell
front came close to zero at 10% HSA andat 0 5%
gelaun After incubation 0o change 1n the cell fronts
had taken place excep! i some experiments using
05% or 1% gelaun i which a small increment
could be observed (Fig 3cand d)

Effect ont adhesion and migration of the combina
tion of plasma and gelatn In glass bead columns
the retentson rates were signficantly (p < 005)
reduced when a combination of 0 5% gelain and
5% plasma was added to the medium as compared
to retenton rates with 5% plasma alone (Fig 4 2)

1n capillary tubes with leukocytes suspended in
5% plasma ! Y was enhanced
significandy (p < 001) when 05% gelaun was
added to the medum (Fig 4 b)

Influence on adhesion and mgration of sthcont
ung glass matersal Sthicomzing of the glass beads 1n
column experiments reduced the leukocyte retention
1 a protewn {ree medm (p << 0 01} The leukocyte
retention was sigmificantly more mhubited (p <
001) mn the presence than m the absence of EDTA
(Fig 5)

Capillary tube migration of leukocytes suspended
1n 5% plasma was significantly greater (p < 0 01)
1n siliconized than 1o non silicontzed tubes Using
cells suspended 1n 100% plasma, sdiconizing did
not change (p > 0 1) the rates of migravon (Fig 6)
In experiments using siliconized tubes and leukocy
tes suspended 1n HBSS to which 0 1% HSA had
been added 2 marked cell front was observed before
ncubanon (@ — 7 median celt front size O 6 mm

range 0 5-0 7 mm not shown) After incubation no
chanpa o the ant £ Vo

fitt .

cas

medium 10 the upper compartment signuficantly
enhanced as o

where HBSS alone was present above the filter {p <
005) When the filters were soaked with 2% HSA
and gently rinsed in HBSS mugration 1n these filters

did not differ (p > 0 1) from my
w h LURES A - graton 1n filters
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Fig 7 Migrauon of Yeukocytes 1 Boyden millipore
flters whea Hanks solution zlone (8) or 2% human
srum albemin in Hanks (A) was present above the
Titer and when the fifters had been soaked w 2%

buman serum album n and gently rinsed (O) (Hanks
2lone above the filzer)

bead columns Leukocyte migration tn tubes and I
mllipore filters was not influenced by 10 x 104 M
bdocan {p > 0 1) but was sigmificantly reduced by
100 x 104(p < 0 02)
thanol in increasing concentrations produced an

tncreasingly reduced retention i glass bead co-
Tumns Leukocyte tube migration was not wnfluen
£y 10 g/1 ethanol (p > 0 1) but leukocyte filter
Bugrauon was sighuficantly reduced at this concen
Waton {p < 0 05)

Endototin 1n concentrations 10 x 10~ and 100
X 10~4g/) Sigaificantly increased feukocyte reten
801 11 glass bead columns {p < 0 05} Leukocyte
TTaNon 1 mbes and filters was increasgly
reduced as the endotoun concentrations were
ncreased  However 1n filter expenments  this

Teduction was significant (p < 0
104 /L endonnern Frg g1 03)oolyat 100 x
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Fig 8 Effect of different concentrauons of Lidocam
ethanol and endototin on leukocyte retention (adhesion)
wn glass bead columns leukocyte migration in capillary
tubes and leukocyte mugrauon i Boyden millipore
fitters Tndividual observations in % of patred controls
and median For glass bead column and capillary tube

experiments the leukocytes were suspended 1n 90%
plasma

DISCUSSION

Already 10 1923 Fenn demonstrated that leukocyte
adherence to solid surfaces was influenced by
environmental factors such as the preseace of
serum 1on confentration and temperature. Based on
extensive studies under non flow condinons of
adhesion of human conjunctiva cells to various solid
surfaces  Taplor (1961) suggested the existence of
two different types of contact Afier contact with
naked glass cells attached and spread rapidly

Because this kind of adhesion was strong resisted
attempts at reversion by physical forces and was not
dependent on divalent catiops or cell viability 1t was
considered to be of a passive physico-chemical



nature A fundamentally different type of adhesion
occurred 1 the presence of serum or serum
fractions, or to surfaces which had been coated with
protein or other macromolecules Under these
conditions, cells attached less strongly and spread
more slowly This type of adhesion, which was

adhesion of cells 1 pure plasma was totally
dependent on divalent cations, and 1s therefore likely
10 be of the active, biological type Both types of
contact seemed to act stmultaneously in experiments
with 1% and 10% plasma, since 1n these cases the
adhesion could be partly inhibited by adding EDTA

C bly, the difference between measurements

reversible by t 1 forces and d dent on
divalent cations and cell viability, was considered to
be an active, brological process performed by the
living cell The results of successive studies of cell
adhesion strongly support Taylor's hypothesis
Takercht (1971) found under non-flow conditions a
firm attachment of chick fibroplasts to clean plastic
which was not dependent on divalent cations In
contrast, the weaker adhesion to coated plastic was
dependent on divalent cations In Garvin's experi-
ments (1968) made under flow conditions, rat
leukocytes adhered completely to glass and were not
dependent on divalent cations Adheston of these
leukocytes was reduced markedly and became
dependent on divafent cations when erther protein

with and without EDTA mught represent the rate of
active adheston Labile plasma factors did not
appear to be critically involved with active adhesion,
since heating the plasma did not change the
retention rates Reduction of wettability by silicont
2ing the columns reduced the rate of passive
adheston but far from abolished it When expen-
ments were repeated with HSA or gelatin, the
leukocyte adh was reduced ly as the
concentration of each protemn was mcreased The
difference 1n retention rates in experiments with and
without EDTA for each protein showed that in each
case some degree of active adhesion had taken place,
though this was less than when plasma was used
C ly, provided that dvalent cations are

had been added to the cell d or
when the glass surface had been pre-coated with
protein These findings were reproduced in our
laboratory using human leukocytes (Hopen unpub
Iished work) Kuarsten (1969) demonstrated under
flow conditions that inhibitors of glycolytic and
oxidative cell metabolism depressed human leuko-
cyte adhesion to glass in the presence of blood
proteins

‘When studying cell adhesiveness, it 15 obviously
important to know what type of contact 1s active
Under physiological conditions, blood or blood
proteins will always be present 1 the environment
Such conditions can be reproduced in vitro by
working with whole blood, or by adding blood
protens to the cell suspending medium, which will
coat the substratum in seconds (Bruck 1977)
Nevertheless, 1n several works on leukocyte func-
tion the importance of protein coating has attracted
Initle attention

The results of our experiments with human
leukocytes show that the adhesion of these cells to
glass beads can be modified significantly by the
presence of profeins and that the adheston may be a
combination of the two types of contact suggested
above With leukocytes 1 protemn-free HBSS,
adhesion 1s almost total As plasma 15 added 1n
|ncreasing concentrations, the retention, /e adhe
sion, subsides When 1n these expernments divalent
cations are chelated by adding EDTA the adhesion
decreases more rapidly and 1S totally nhibited m
undiluted plasma  Apparently, the adhesion of
leukocytes 1n the plasma free medium which 1s less
dependent on divalent cations, 15 domunated b)’_]f;:
passive, physico-chemucal type of contact

110

present, active adhesion takes place also n the
absence of plasma

The decreasing rate of leukocyte adhesion to glass
at increasing protemn concentration s illustrated 1n
our capillary tube experiments In experiments with
no protem, or with low protem concentrations
present, a front of cells attached to the inner glass
wall above the solidly packed cells was observed
before incubation Apparently this front had been
formed by cells that had been slowed down by
crowding during centrifugation and thereby allowed
to adhere to the glass wall The size of the cell front
— which was not dependent on the presence of
divalent cations — decreased when the protein
concentration In the medium was raised and
reached zero for different concentrations of each
protemn (Fig 2b ¢, 3¢, d) The findings from both
the glass bead and capillary tube evpersments may
be due to protein coating of the substratum to which
the leukocytes adhere As the protein concentration
1s rased the protein nterface between cell and glass
increases 1n thickness (Hay ry 1966} and the rate of
passive adhesion decreases accordingly Hence i
glass bead columns the active adhesion becomes
measurable In capillary tubes protem coating
increasingly prevents cells from adhering to the
glass wall

After ncubation of the capillary tubes the cell
front had increased significantly in experiments
with 10% or more plasma, thus indicating
mugration The migration was dependent on diva-
lent cations With heat-mnactivated plasma, HSA or
gelatin, only mimmal or no migration at all, had
taken place This A-se-d~sne Af ramllary tube



fagrauon on 2 heat labile plasma factor was also
foond by Ketchel & Favour (1955}

Some degree of adhesion 15 a prerequisite for the
wtomobilaty of a body on 2 solid sutface Therefore

Boyden expertments the granulocytes migrated
sigmificantly better against the igh molecular
weight casein when albumin was present above the
filter than when 1t was absent Possibly this

the between leukocyte and
feukocyte locomotion seems to be of nterest An
wcreased adheswve force may exceed the propeling
force and thus immobilize the leukocyte Moreover
a reduced adhesiveness may become msufficient to
ieid reaction to the propelung force and thereby
prexent propagation of the cell In addition to bemng
dependent on a plasma factor the mugration m our
capliary tubes was promoted by the presence of
profein. Migration of leukocytes i 5% plama
ereased sigficantly when 0 5% gelatin had been
added 10 the medium This can be explained either
by a reduction 1 glass adhesion by the addiional
proten and consequent beration of propelling
forces or by a reduction m cell to-cell adhesion
cruged by the Protewns present Our finding that
Ieukocytes suspended i 5% plasma mugrated betrer

msdiconized than 1n non-siliconized tubes mndicates
T mwn o er 1

ol . '
the

. -
oz m 100% plasma corresponds well to results
Tported by Werss & Blumenson (1967} 1n which
s comzing had no effect on cell adhesion m the
Presence of undduted plasma Both findings mdicate

that 51 comzing 15 o obstacle to the imhibwon of
Rascadhex w b -

.

N v Uamed that chamber (miflipore filter)
mznucn and tube raigration mvolve Separable
hummed ms of celf function His conclusion was
hres on capillary tube experiments with siliconuzed
medum 01% HSA m the ool suspending
pa ™ As demonstrated 1 previous (Kerchel &
mg!;r é?SS) and present experiments a plasma

Tequired for leskocyte mugration m

Oml);‘s“y tubes In addition, the presence of only
e HSA 15 nsufficient 10 keep the adhesion to

vassfrom acyng strongly on the k evenin

1

may be explaned as an increase wm
feukokinesis e¢ven though 1t takes place in 2
negative gradient of albumun An attempt 10 explain
the increased mugration as a result of the filter
structure being coated with albumin was not
successful  \igraton s filters which bad been
soaked with HSA an ninsed m HBSS was not
different from mugration in filters treated with
HBSS alone A supplement to Wilkinson s report on
the effects of albumin migt be that albumin 1n the
cell suspending mediem helps to prevent cell to-cell
adhesion and thereby factlitates the mugration of
single cells into the filter In our Boyden expen
ments without albumin or other protems in the
medium  cell clumping 15 a constant obstacle.
Migration in these expenments 18 weak and the
results are less reproduceable (Schremer unpub
lished work)

Lidocain 1s reported to inhibit the adhesiveness of
macrophages (Rabmowirch & DeStefano 1975) In
our expeniments Ldocain reduced levkocyte adhe
s1on to protem-coated glass beads and nhibited
lenkocyte mmigration 1n tubes and filters However a
reduction was measured at lidocain concentrations
which occur only after local applicanon of the
anaesthetic

Ethanol reduced leukocyte adhesiveness m con
centrations which are seen after ethanol imtake
while tube migration was uninfluenced by the
concentrations used and filter mugration was
reduced only by concentrations which are extremely
toxic t0 humans Qur results with ethanol are 1n
accordance with the studies made by MacGregor e1
af (1974) and Spagnuolo & MacGregor (1975)
who used different adhesion and chemotaxss assays
E coli endotoxin which 15 reported 10 increase
leukocyte adhesiveness (Schneter et al 1977) did so
also 1 our glass bead experiments However as
with ethanot 2nd lydocain 2 reduction 1n tube and

sl conzed tubes I the light of our finding
gs an
;!vl:nmnu trught be that the from of cells cbserved
zlyzs’ ler consisted of cells that had adhered to the
b u;s all\hb:(ure ncubalion and ® ere later mistaken
- EDTA‘mdd m grated Under such aircumstan
Vi Wouldm the metabol ¢ imhibitors used by
pifly have no nfluence
ot ot & Allan (1978) reported that bovine
ltukoq::n !:mm albumin 15 chemokunetie for
for tre 1. : Suggested thay afbumin 1 necessary
won by ukoche response 1o chemotactic sumula
Tow molecutar weight attractants In our
T~

filter also resulted when using endotoxia.

The results of our studies lead to the following
conclusions The nature of leukocyte adhesion to
glass 15 dependent on whether or not proten 15
present The type of contact to glass occurtmg o the
absence of protein 1S a physicochemical process
which 15 unfikely to have a physiological signufi
cance Under m wiro condiions the cell to-glass
adheston can be reduced gradually by increasing the
protein concentration  Leukocyte migration in glass
capillary tubes can also be reduced or totally
mhibited by different degrees of the physico-
¢chemical type of contact and s masimal orly when



this type of adhesion 15 prevented by sufficient
protemn coating  Active adhesion of leukocytes 1s
dependent on divalent cations but 1s not affected by
the destruction of heat labile plasma factors Some
degree of active adhesion may also be observed 1n
the absence of plasma

The finding that by increasing the proten
coating a reduction 1n adhesion of leukocytes could
be observed parallel to an increase in leukocyte tube
migration ndicates that a relationship may exist
between the two Jeukocyte functions If an optimum
of cell adhesiveness for the promotion of leukocyte
mgration does exist the finding that both ncre
ment and reduction of leukocyte adhesiveness
induced by the agents tested were combined with
impaired migration 1n at least one system gives rise
to the assumption that this optimum mught be
carried by umnfluenced leukocytes
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Norwegian Rescarch Council for Science and the
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THE INFLUENCE OF SPECIFIC ANTIBODIES AND
CELLULAR IMMUNITY IN THE INDUCTION OF
TOLERANCE TO CHEMOTACTIC ACTIVITY CAUSED BY
BACTEROIDES FRAGILIS LIPOPOLYSACCHARIDE
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Exudate aspirated from woupd chambers implanted subcutaneously on rabbits at different ume
smtervals afier local lpopolysacchande (LPS) wmjection showed a peak of chemotachic medinor
concentration i vitro about two hours before the peak of Iekocytes "
10 was demonstrated Injection of LPS locally into the wound chambers three days after the First
injecion of LP'S showed a reduced number of PMNs accurnulated m the exudate Antibodies to the
LPS preparation were dermonstrated 1n the exudate and serum by mdirect haemagglutinauon of sheep
erythrocytes before the second LPS mjection This antibody titre increased up to two weeks after the
fist LPS 1mjection and was shghtly higher i the serum than n the exudate Also a migration
@hbion factor (MIF) activity was demonstrated m the exudates formed This MIF actvity of the
exudates increased afier the second LPS mjecion The increased utre of specific anubody may indicate
1 aceelerated clearance of LPS and the MIF zcuvity may wdicate a reduced response of PMNs to

chemotactic mediators However the involvement of other biological mechanisms contributng to the
decreased tesponse cannot be excluded

Key words B fragilis lipopolysaccharide anubody cellular immumity chemotaxis tolerance
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Repeatad imovotauons of bactenal ipopolysaceha
1des (LPS) into man and amimals induce tolerance

1n the fiwd of wound chambers impianted subcuta

V2 tefractonness or increased resistance to the
endotonic effects of the LPS Tolerance 15 relative
and fever and other host Tesponses can be ehicited by
ncreasing the dose of LPS (5) Cross tolerance to
endotoric LPS of heterologous bactenat species 1§
Present but thus tolerance 1s fis lower than

neously on rabbits after injection of LPS (15, {7,
20) Upon repeated myections of LPS a decrease in
chemotaxss takes place indicaung some form of
tolerance The present study 1s concerned with this
phenomenon and with the possible mechamsms
underlying 1t It 1s shown that the reduced number

that directed against the homologous LPS prepara
ton {8} Two phases dctermined by separate
mechanisms are mvolsed i tolerance to endotostn
the early celular refractory state being transient
and a tater phase of refractoriness which may be
mediated by specfic anubodies {6 7)

Meduators for leukocyte chemotays are generated

of in the wound chamber
fluid after repeated myections of LPS 15 pot solely

due to a reduced elaboration of leukotacuc media-
tors The LPS used 1n the experments was 1solated
from a stramn of Bacterodes fragilis The tovie



MATERIALS AND METHODS

Lipopolysaccharide

LPS was isolated from Bacteroides fragihs stramn
Lille E 323 by extraction with phenol-water (23), and
purified by ul (13) Stock of
LPS-E 323 contaimung § mg per ml was made 1n sterile
tsotouc saline This was treated ultrasomucally (MSE/
Mullard, 60W, 20 ke/s) at 0°C for 30 s

Rabbit Polymorphonuclear Leukocytes
Polymorphoauclear leukocytes (PMNs) were obtained
from the peritoneal cavity of New Zealand Whate rabbuts
8-10 h after intraperttoneal snjection of 200 ml of a
solution of 01 per cent glycogen (E Merck AG,
Darmstadt, W-Germany) in stenle isotonic saline
Garamycin® (Schering Corporation, Bloomfield, N J,
USA) and fungizone® (Squibb, Flow Laboratories,
Irvine, Scotland) were added 1n amounts of 50 and 2 §

- W TL DAINL. aen cnlatad

1n the same concentrations as 1n the glycogen solution
Bovine serum albunun (Armour Pharmaceutical Com-
pany Ld , Eastbourne, England) (2 per cent w/v) were
then added and the medium adjusted to a concentration
of 107 cells per mi

Me of Lekocyte Mig n vitro

The migration of PMNs was determined by the
Boyden mucropore techmque (2), using a modified
Boyden chamber (12) (Neuroprobe, Bethesda, Md,
USA) The upper compartment of the chamber recetved
approximately 3 x 106 cells These were first centrifu-
ged down on a Milipore membrane (Neuroprobe) with a
pore size of 3 {14} The different test media contatung
either LPS or exudate, were placed n the lower
compartment The chambers were incubated at 37°C for
3 hoin humid air The filters were fixed, stained and
mounted as previously described (14) Five fields on the
chemotactic side of the filters were selected for counting
at a magmification of x 320 with the aid of a mecrogrid
{Leitz Wetzlar 10 x 10 mm)

Meas rent of Leucocyte Mig in vivo

Five Teflon® chambers were implanted subcuta-
neously on each lateral side of the abdomen of six-
month old New Zealand White rabbuts (20) Six days
after the implantation of the chambers, the wound MNud
formed was aspirated (Exudate 1) and suspenstons of
100 pg of LPSE 323 1n 04 ml of sterile 1sotonic saline
wete injected tnto each chamber At zero % h Yhand
every hour thereafter untll the eight hour after the
application of LPS the exudate {Exudate N) was
aspurated from one chamber and the accumulation of
leukocytes per yl of exudate was determined as described
previously (20) Three days after the first njection of
LPS the exudates in all chambers (Exudate 1) were
thoroughly aspirated and the number of PMNs per pl of
exudate calculated Thereafter, 100 pg of LPS 1n saline
was remjected into each chamber, and the number of

the same time ntervals as for Exudate Il Three days
after the second stimulation (on day 12 after the
implantation of the chambers), the wound chamber flud
formed was again aspirated (Exudate V), and the number
of cells accumulated per #l of exudate determined The
last sampling of wound chamber fluid was performed
four weeks after the implantation (Exudate VI) Ezch
time the collected exudates were immediately chilled to
0°C After centrifugation of the exudates at 28 000 x g
for 30 mun at 4°C (Servall RC-2, Sorvall Inc , Norwalk
Conn , USA), the supernatants were pipetted off, then
tnactivated at $6°C for 30 min and merthiolate (0 1 per
cent w/v) was added belore they were stored at —25°C
until used

Antiserum

Antiserum to LPS-E 323 was produced 1n rabbits by
mjection of whole orgamsms (9) The anuserum was
mactivated at 56°C for 30 min tn a water bath and
merthiolate (0 1 per cent w/v) was added before 1t was
stored at —25°C until used

Indirect Haemagglutination

The antiserum to B fragilis E 323 was absorbed with
sheep erythrocytes before use These were sensitized with
LPS-E 323 which had been treated with 0 25 M NaOH
for | h at 56°C and neutralized with 025 M HQl
Erythrocytes 1n a 1 per cent suspenston In phosphate
buffered saline, pH 7 2 (PBS) were sensitized (1 h at
37°C) with an equa) volume of LPS (125 pg per mD
Indirect haemagglutination (HA) was carried out in U-
well plastic trays (Mlicroutre equipment, Flow Laborato-
nies, Irvine, Scotland) as described previously (10) The
trays were kept at room temperature for 1 h, and stored
at 4°C overmight The patterns were then read

Migration Inkibuwion Test
Gurnea pig peritoneal exudate cells were used Flnve
“an P

num for Specialpreparater Oslo) and the cells isolated
{14) Dufferential count of the cells showed more than 70
per cent macrophages, the other cells betng primarily
Iymphocytes The cells were transferred to heparized
microhaematocrit capillary tubes and three of these were
put 1n petrs dishes (4 S cm diameter) and held in place by
a small amount of siticone Each exudate sample (0 § ml)
{Exudate I IIl V or VD) was mined with 3 ml of Eagles
medium (GIBCO Grand Island N Y USA) The
Eagle s medium contasned 100 1 U /ml penscillin (Apo
thekernes Lab Oslo) 100 pg/ml of streptomycin (Le
derle Lab Div Pearl River N Y USA) and 5 per cent
heat inactrvated foetal calf serum Each exudate was then
placed 1n 3 petri dishes and tested with Exudate [ serving
as the reference (negative controt) After ncubation at
37°C 1n humid air contaiming 5 per cent COzfor 6 h the
petr1 dishes were placed under an Inversion microscope
and photographed by a Polaroid camera using & four-
fould objective The area of mioratian was

PMNs per pl of exudate (Exudate V) was ed at

ET.k]
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Hours after injection of LPS

Fig I Upper panel (A} Kinetscs of levkocyte accumula

o011 %ound chambers after focal ingection of 100 pg of
LPSE 321 10 04 mt saline Heavy line after the first
ecton of LPS Broken lne second wnjection {three

days afier the first injection} of LPS Each pomt
TEDIESEN(E the mmpnm 4 ¢

"m.; ~ VU two-sample ttest) Lower panel (B)

o 9 chemotanss from the same chamber exudate as

ch“ " the Upper panel tested 1n & modified Boyden

" m;er device Each column Tepresents the mean
"t of cells on the chemotactc side of the filter =

ey eviation (vertical bar) from three Glters Open

s exudate after first imection of LPS Cross
u’gt;_dhmlumns crudate after the second injection of
‘e Chemotacic act v ey ~F = + ‘.
\ectiop .
seond s

p<o '

:Rhmi by planimetn and the percentage og migration
"o calcutated (19) Migration mhubinon of more
Per cent was regarded as significantly {19)

Dobteprr. .
L IR )
. .
4 il Wels with diameters of 3 mm a1 a

Caleulanon of py,
aemagglurin, T
¢ e, % €xlutination Titre

glaunaton utees were g
Y Bumbening the utres 10 20 < 2 d0m ;:;m‘-r;’;d,

titre hatfway between the dilution giving haemagglutina
tion and the pext dilution step was chosen as the
determunng titre (13)

RESULTS

The kunetics of leukocyte accumulation m the
wound chambers 1n response to LPS-E 323 s
shownn Fig 1A After 5 h, an optimal number of
cells had accumulated, both after the first and after
the second local application of endototin After the
second njection, however, the number of cells at the
summit of the bell-shaped tme-response curve
observed afier 5 h was signuficantly fower than that
found after the first injection of LPS {p < 0 001) If
a third local injection of LPS was given, the time-
response curve was essentially the same as that seen
after the second injection, but even fewer cells
accumulated in the exudate

Exudates aspirated at different times after myec-
tion 1nto the chamber of LPS were tested 1n Boyden
chambers for chemotactic activity Maximal accu
mulation of cells on the chemotactic side of the filter
was obtained with exudates aspirated 3 h after LPS
wgection (Fig 1B)

Serum and exudate (Exudate I) obtained before
the injection of LPS nto the chambers did not
contain antibodies that agglutinated sheep erythro-
cytes sensitized with NaOH treated LPS-E 323 A
peak of antibody actrvity was found i the exudates
asptrated 6 days after the first mjection of LPS (Ex
udate V)as well as 1n samples of serum taken at the
same time (Fig 2) Three weeks after the first
tnjection of LPS, the antibody titre of the exudate
(Exudate VI) had decreased almost four-fold,

o d

A B ¢
Fig 2 Titres 1n the indurect haemagglutinauon test of
exndates (open columns) sampled at diferent ume
tntervals after injection of 100 peof LPSE 323104
ol of saline 1nto each wound chamber Closed columns



Fig 3 Double diffusion 1n agar gel Wells A contam
anuserum against LPS-E 323 (well B) Exudate V 1n well
C and corresponding serum sample 1n weli D Wells E

numbser of cells accumulated, show that tolerance t
the chemotacuc effect of B Sragils LPS can be
induced  Several mechamsms may be operating
The production and/or activity of the chematactic
mediator, which 15 possibly the complement factor
Csa (17, 18), may be inhibited or 1nactivated
The role played by specific antibodies 1s difficult
to assess Conventional LPS 1s bound mtially to
leukocytes and platelets (3), and subsequently taken
up by macrophages (4) Thisis a slow-acting process
taking hours During this period, LPS taken up by
macrophages 15 transferred to lymphocytes (1) The
antibody actwvity to 8 fragiis LPS demonstrated in
bath the exudate and the serum 3 days after the first
mjection of LPS and which showed a peak after 6
days, 1nd that an antib drated tncrease
m clearance of LPS from the chambers may be
nvolved 1n the mechanisms leading to the decrease
m chemotactic activity This would mply an
accelerated phagoecytosis of LPS by opsonizing
dies However, the Jess significant diffesence

and F contain Exudate VI and cor ding serum
sample, respectively

whereas the corresponding serum sample revealed
nearly the same acuwvity as that observed 6 days
after the imtial 1njection of LPS

One line appeared when exudates V and VI and
corresponding  serum samples were tested by
precipitation s agar aganst LPS (Fig 3) No
precipitation line was seen when testing Exudate 111
or the corresponding serum sample

i chemotactic medaator activity of the exudates
aspirated from the chambers after the first and
second wjection of LPS demonstrated i vitro (cf
Fig 1B), indicates that an & wye wnduction of
mediator formation takes place after the second
1mjection which 1s nearfy of the same strength as
that following the first injectton of LPS This agam
suggests that specific antibodies do not contribute to
tolerance simply by accelerating the clearance of
LPS by phagocytes On the other hand, immune
complexes formed by LPS and specific antibodies
may contribute to leukocyte chemotaxis by genera-
tion of med through of the classical

A mugration mhibition activity was d ated
1n all exudates after the first ijection of LPS nto
the tissue chambers {Table 1)

DISCUSSION

The finding that chemotactic mediator activity 15
highest tn the exudates 1n response to injéction of
LPS 2 h before maximal accumulation of PMNs 15
w agreement with eather observations (16) 1In fact,
chemotactic mediator activity was demonstrated tn

complement pathway

Priot experiments carvied out @ our faboratary
have shown that injection 1to the chambers of
Verllonella alcalescens LPS 3 days after the wjection
of LPS from B framhs E 323 evokes a cross-
tolerance LPS of ¥ alcalescens 1s a typical LPS (8),
with which B fragihs LPS has no ipid A of
polysaccharide core structure 1 common Thus, the
two LPS have niot been found to cross-react through
therr O antigens Thus pdot finding mught indicate
that the production of antibodies 1s not the only
! factor 1n the induction of tolerance 1o the

vitro before ation of any cell
1 vivoe These fesults are also in agreement with
those reported earher (18, 20) and this experiment
gives valuable informaton about the rate at which
the PMNs are mobilized at different time intervals
after an inflammatory state 1s smitiated Thus, a bell~
shaped curve of time versus cellular response seems
to be typical for the migration of PMNs mto an
1nflammatory focus

The cmmrgmc mediator actvity of the exudates
after the second injection of LPS, and the decrease 1

344

chemotactic activity induced by B fragifis LPS
LPS directly sumulates B-lymphocytes to pro
duce antibodies It 15 also well known that T-
lymphocytes stimulated with antigen produce lym
phokines which are the specific humoral medsators
1n the cellular smmune response Under special
conditions, B-lymphocytes may produce lumphoki-
nes such as the migration tnhibton factor (MIF)
(11, 24), acting on both macrophages and poly-
morphonuclear feukocytes and the chemoattctic



ficor (CF) 22) The demonstration of a low
qumber of cells accumulated n the chamber
exudates afier the second imjection of LPS in spite of
a2 relatvely high chemotactic mediator activity, as
eumatsd by the o vitro expeniments may also
sugyst that the PMNs were mhibited from
eugrating wto the exudate The significantly increa
sl augeation whibon, as expressed by these
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Macromolecules from rat peritoneal macrophage culture Tedia were separated into 30 fractions by flat
bed 1oelectric focusing (IEF) The fracuons were tested for their influence on thymidine and proline
ncotporation tnto cultured fat granuloma fibroblasts Three fractions stable after freening and
lyophiizaton were of mterest one nhibiung thymudine incorporation (focusing at pH 73-76)
another sumulating thymidine 1ncorporatton (focusing at pH 4 4-5 3) and the third sumulating proline
meorporation into cells and medium collagen (focusing at pH 10210 7 The last also exhibited 2
nbonuclease (RNase) actrvity with a pH-opumum of 70-7'S

hey words Collagen synthesis DNA synthesis fibroblasts macrophages protemn synthesis
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Macrophages secrete a variety of macromolecules
T yel charactenzed chemcally {5 12 18)
Mactophages have been shown to facilitate the
fibroblast proliferation in wound repair presumably
by factors found 1n culture media of macrophages
Q2 13 18) Many hydrolytic enzymes are also
kaun to be secreted by macrophages into cutrare
media {7)

A common macrophage-denived promoter sub-
sance has been suggested for the growth of
clones of both antigen triggered B lymphocytes and
@ranogen (rggered epithelial cells 20) Qp the
other hand macrophages have alsa been shown 1o
Produce a (actor which watubits the celt proliferation
n culture (4) and 1t has been demonstrated that
acuvated macrophages can kil tumour cells through
an intrinsic cytotore effector system (6)

Besides having an effect on et proliferation
macrorhages also influence the protea symhesss 1y
fibrohlasts for mstance 1n expenmental sihoosts (9)

Tn earlier reponts from our laboratory, a macrop-
hage-derived factor has been shown to increase
collagen synthesis i vitro 1n granutoma sieces (1)
and in cell free system (2} This factor 15 presumed
10 1nvolve a nbonuclease (RNase) actvity which
possibly controls the stabiity of polysomes of
fibroblasts {2}

The diversity of the functions connected with

macrophages suggest that they secrete a number of
factors m = A4 T~

effects .

cells an -

culture condiuons on the cell cycle of fibroblasts
(16) A fractionation of the different macrophage-
derived macromolecules thus seemed to be a
fruitful even necessary, approach We have carned
out flat bed wsoelectric focusing (IEF) on macro
phage medium molecules greater than 1800 daltons
m the pH range 30-107, and have found three
separate fractions which have biological effects on
cultured rat granulation tissue fibroblasts



MATERIALS AND METHODS

Macrophage Cultures

Macrophages were prepared by washing the penitg.
neal cavity of adult Wistar rats with 20 mi of 0 9% (w/
v) NaCl contatrung 10 units of heparin/mi (oy Star Ap,
Tampere, Finland) The cells were washed with ﬂnd‘
suspended 1n Dulbecco’s modification of Eagle's mip;.
mum essential medum (DMEM) (Flow Laboratories,
Trwine, U K ), buffered with 20 mM HEPES (Sigma Co |
St Lows, Mo, USA) and 22mM bicarbonate, and‘

significant losses occurred during the preparation 2 Sul
of a fraction 10 200 pl of DMEM 1 a test well equalled
the origmal concentration of macromolecules 1n the
Macrophage culture medwm We used 0-50 1 of 5
fraction per 200 pl DMEM 1n the various experiments

Assays

Incorporation of IH-thymidine and 3H-prohne no
Sibroblasts For preparauon of the test cultures approu
mately 7500 trypsinized fibroblasts in 200 pl DMEM
10% FCS were plated out on Nunclon

g 100U G Hin/ml and 50 pg streptomy
<in sulphate/ml After an incubation for 2 hin Nunclop
81-cm2 cell culture flasks (N1470, A/S Nunc, Roskilde,
Denmark), the macrophages (30~50 x 106 cells/ 10 nyp)
were washed with the medium to remove non-adherent
cells, and fresh medium was added to the macrophages
The macrophages were then incubated for 48 hours at 37
°C 1n air contaung 5% CO», 20d the culivre mediin
was collected and filtered through a cellulose ester
filtration membrane (0 22 pm pore size Millipore Corp |,
Bedford, Mass , U S A }and replaced with fresh meditty
for another 48 hours

Fibroblast Cultures

Fibroblasts were 1solated from 1-2 week-old exper,-
mental granulomas induced 1n adult rats of Wistar straip
with a viscose cellulose sponge (21) by digestion of the
sliced granulomas with collagenase and trypsin (10}
Cells were cultured n DMEM supplemented with 10%
foetal calf serum {FCS) (Flow Laboratores) under the
conditions described above for macrophages Early
subcultures from the 2nd to the 7th passages were useg
to assay the effects of the factors secreted by macraopha
ges and fractionated by preparative isoelectric focusing

Isoelectric Focusing

Small molecules of macrophage culture media werg
removed by gel filtratton in a BIO GEL 2 P column (Bio.
Rad Laboratortes Bromtey U K, exclusion limit 1800
daltons eluant 5 mM phosphate buffer pH 73) The
combined volumes of 50 or 250 ml of the 0—48 and 48~
96 h media were then desalted and lyophilized After
resolubihization and redesalung, Ulrodex gel (LKB
Stockholm Sweden, final concentrauon S0 mg/ml) and
Ampholine® (4 ml pH-range of 3 5~10 and an additional
1 m1 pH range of 6~8 per 100 ml of the final gel sturry}
were added to the macromolecule sofution The focusing
was performed 1n a LKB 2117 Muluphor apparatus as
advised by the manufacturer The separation length of
the gel was 23 em width 11 cm and thickness approx
04 cm Focusing time was 17 hours with a voltage from
220 to 1000 V and current varying 20 to 8 mA The get
was cooled contnuously with running water {+6 © C)
The focused gel was cut with 2 gnid mio 30 equal
transverse fractions which were collected after measure-
pH with a surface glass electrode  The
focused macromolecules were eluted from each of the gel
poruons with 10 ml of distlled egaw‘71§;wl:‘:l|;::d

to d

dissolved nto DMEM (pH a(gﬂ;f; o and s 4¢

through Millipore membrane
+4 °C until used 10 biological assays Assuming that no

ment of the

4%

mucrotest plates (N1480, well ares 03 em?) The
medum was replaced after 24 hours The cultures
reached confluence 1n three to four days (as observed
under a phase contrast microscope) and were then used
far testing The medm was replaced with 200 pl of
DMEM contaiming the 1sotopes 3H thymidine (TRA

300, 19 C1/mmol) or 3H-proline (TRA 82, 1 C1/mmol
both from The Radiochemical Centre, Amersham UK)
in a concentration of I pCi/ml and the 1EF fracuon of
macrophage medium to be tested After incubation for
24 h, the culture medum was pipetted off and the
radioactivity 1n medium collagen measured as described
below The cells were detached with 025% trypstn

collected on glass fibre discs (GF/C, Whatman, Springfi

&ld Mill, U K), then washed and counted for mcorpora

ted radicactvity (19)1n flasks contatning 5 ml scintilla

tion flwd (1 g of PPO and 3 3 mg of POPOP 1n 1 litre of
toluene) in a Packard Tri Carb Scintillation Spectrometer
(Model 3375, Packard Instrument Co, Inc. Downers
Grove, Il ,USA)

Medium collagen The measurement of radicactive
collagen in the fibroblsats culture med:a after labething
with proline was carried out according to the microme-
thod of Jatkanen et al (in preparation) The pepsinresis
tant helical sequences of secreted collagen molecules were
precipitated with perchloric acid on to glass fibre discs
(CF/B Whatman} held m a modified Swmnex 13
membrane holder (Mkipore Corp ) washed thoroughly
by water suction and counted m Tergitol-POP scntilla
ton flud (15 PPO 50 mg POPOP 600 ml Tergutol® and
400 ml toluene) in the Packard Scinuillation Spectrome-
ter
Ribonuclease The enzyme reaction and the precipia
tton of RNA are described n dearl elsewhere (11} The
substrate was mixed yeast RNA (Sigma type 11) The
inerease of | absorbance umt at 260 nm (molar
extinction coefficient = 11 000) equals the liberation of
90 ymol of nucleoude restdues

Profen Protem was measured by the method of
Lowry et al (15) with bovine serum albumin (Sigma
Chemicals Co A 4378 St Lows Mo USA) as

standard

RESULTS
pH-Graduents in Isoelectric Focusing
Linear pH gradients formed in the IEF (Fig 1)
The pi-range vared, beng »adest, from 2 to 107,
at greatest protein load
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Fig } 3 thymdine meorporation ints cultured fibro-
basts (Sth passage) n the presence of the 30 fractions
from macrophage culture medium separated by 1soelec
e focusing Closed tarcles show the pH values at whuch
the fractions were focused {pH 3 9-8 9) The proten
load for focusing was § mg Incorporauon tests were
casnied ot wath fracuion volumes of 10 pt pes well{r —
6 as described 1n Materials and Methods A typical
finding w25 a fise 10 thymudine incorporauon 1p the
presence of 4 fraction focusing 2t pH 4 8 (shaded bar no
10)and a decrease 1n the presence of a fracuon focusing
atpH 7 4 (shaded bar no 23) as elaborated in Table |

from 4 10 89, when the amount of protem Was
small (4-5 mg) or was absent (Fig 1)

Antpholine® 1s reportedly non-cytotoxic (22} and
does g0t alter the brological acuvities of protems
Wetested the 1EF fractions of plain Ampholine on
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ultured granuloma fibroblasts and found no change
1 the uptake of 3H-thymide or JH-proline

Incorporanion Tests

‘All 20 IEF fracuons were fisst assayed for thetr
effect on mto
and for proline 1ncosporation 1nto cells and medium
collagen Two fractions were considered of interest
tecause of thew effect on thymidmne ncorporation
(shaded bars m Fig 1)and a thurd for its effect on
prol:ne ncorporation (see Fig 3)

A fraction (o 23 1n Fig 1), located at pH-ranze
7 3-7 6{17-17 § cm from the anode), sigmficantly
inhibited 3H~thymidine incorporation 11O fibro-
blasts (Table 1) Moreover, the degree of nhibuon
depended ont the concentrauon used (Fig 2) An
Jcrease w concentraton from 2 5 to 20 pl 1 200
wl of DMEM decreased the mncorporated radicact-
vity from 916 to 306%, relative to the level
recorded for DMEN alonefr = -0 73,0 <0 gon)
Proline mncorporatian 1nto both cells and mednm
collagen remained constant.

A second fraction (no 101 Fig 1), located at pH
44-53 (7 5-8 cm from the anode), increased JH-
thymudine wncorporaton from 117 to 172% over
the average of all fractions (Table 1) However,
unlike the first fraction, the amount of mcorporated
i was not on the
tion of fraction 10 over 10 ! Neither had thuis
fraction any obvious effect on proline incorporation

A fracuon focusing at pH 10 2-10 7 sumulated
IH-profine picorporation 1nto the cells and medum

TABLE 1| 3H Thymudine Incorporation into Cultured Fibroblasts in the Presence of Two IEF Fracuons from
Matrophage Culture Medram

Inhibitory fraction  Stmulatory fraction
(0o tno 10)
Sample
Run of Number of  volume/well  Number of Incorporated Incorporated
EF assay wells acuvity (%) acuvity (%)
] 12 50 3 179 1mMeé
10 3 856 1365
2 l1 . ig 3 669 1172
6 02 1487
3 ' 5 3 836 nri
1
N » 3 687 26

The figures shaw the pereentage rocorporated radioacimaty
Between the aterage and the inhibiory (P < 0 001) or th

Paured 1 1est

#Presented w Fig 1 10 which the numbers of the fraction refer

-~

from the average o alj the fractio
ns The
¢ sumutatory (P < 0 005} fraction were mﬁ.ﬂ’\"y’"ﬁ
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Fig 2 Tnhibitton of 3H thynidine ncorporation into

fibroblasts as a function of the concentration of the added

IEF-fraction focusing at pH 74 (no 23 1n Fig 1) The

mean = SEM {n = 6)1s given for each concentration

collagen The effect correlated positively with the
amount of fractton added (Fig 3} An ncrease from
251020 1 1n 200 p! of DMEM increased the 3H-
proline uptake 1nto cells by 87% (r = 058, p <
0 001} The radioactivity mcorporated into medium
collagen was {0~62% higher than with DMEM
alone (Fig 3)

Ribonuclease Acinvity

The most alkalme fraction (pPH 10 2-10 7) also
exhubted a ribonuclease actvity amounting to 30—
40% of the original total acuvity (380 umol acid
soluble nucleotsdes hiberated mi='h~1) 1n the combt
ned 096 h macrophage mediza The pH optimum
for this RNase was 7 0-7 5

DISCUSSION

Dualysts was avoided, and desalting of culture medta
was carried out by gel filtration to enable the
selection of molecules greater than 1800 daltons for
IEF The lyophihzed 1EF-fractons were brought to
cell culture conditions by dissolving them in fresh
DMEM, and biological assays were carned out
without FCS n the culture medum to ensur:
against nteractson between macrophage factors an

FCS proteins
350

Macrophage-derived non-radioactive thymidine
has been shown to 1nhibit JH-thynudine vptake jntp
fibroblasts {17) This artifact cannot be the cause pf
mhibation here, however, snce low molecutar
weight substances were removed before IEF by gel
filtration

RNase activity was found in the same fraction
that sumulated proline incorporation It has been
suggested that macrophage derived exudate regula
tes collagen synthesis 1 granuloma shices and cell
free translation system through an RNase action by
means of the degradation of polysomes of fibro
blasts (2) 1t has also been proposed that mntracelly
lar RNases and therr inhibtors regulate the
synthes:s of protems by aflecung the stabibty of
polysomes (3, 8, 14) It has recently been shown
that RNase 1s also with polyr m
fibroblasts of experimental granulation ussue {11)
These findings suggest that the mntracellufar control
of protemn synthesis of fibroblasts and the macro
phage-derived RNase action are connected m some
Wway as yet unknown

a
=5
=
N
1 CELLS
Z
S
z
=4
21T
4
g3
z
2
8 HEDIUM COLLAGEN
3., EDIUM
g
1
oL o L e
] 1 2

TEST MEDIUM VOLUME pb / WELL

Fig 3 Sumulavon of IH proline incorporation tq
fibroblasts of 6th passage (~O=-0=-0=) and medum
collagen (- ®~® — @) as a funtion of concentration ofa
fraction focused at pil 104 (mostly alkaline) The
proten load for focusing was 15 mg The mean 2
SEM {n = 6)1s expressed for each concentration



It does not seem reasomsble that the RNase
actwity 10 the most basic fraction of the h

o

Chapman H A & Hibbs J B Modulauon of

medum would eause a sumulation sn the proten
synthesis through a degradation of the polysomes i
e fibrotiasts How ever, RNase could contribute 1
the formation of mRNA from sts precursors The
effect shown 1n Fig 3 mught also be due to other
protems m this basic fraction which 15 certainfy
beterogeneous. A number of polycations with hugh
Pl have been shown to aflect, often biphasically, the
enzymatic and metabolic activities of various cells
Rolff & Cook (24)showed for example, that bovine
pancreatic bunuclease A enhances adenylate cyc-
lise actvaty of beef thyroid membranes at low
Concentrations but tnhibuts 1t at high concentrations
They Suggested that the effect was due to charge
effects betw een the polycations and cell membranes
The majonty of membranes possess A negative net
charge (23) and thus probably have a strong affinity
for polycatsome substances

The findings of the present study support the
wiew (hat the Tegulatory functions of macrophages
are mediated through different factors which are
seceted by the macrophages The partictlar cond;

tons would favour the production of a specific set.
of factors

-

°
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Fig 2 Inhibitton of IH thymidine incorporation 1nto
fibroblasts as a function of the concentration of the added
IEF fraction focusing at pH 74 (no 23 in Fig 1) The
mean £ SEM (1 = 6)1s given for each concentration

colfagen The effect correlated positively with the
amount of fraction added (Fig 3) An increase from
25 to 20 pl 1n 200 pl of DMEM increased the 3H
proline uptake into cells by 87% (r = 058 p <
0001} The radioactivity mcorporated 1nto medium
collagen was 10-62% Hhigher than with DMEM
alone (Fig 3)

Ribonuclease Actnvity

The most alkaline fraction (pH 10 2-10 7) also
eximbited a ribonuclease activity amounting 1o 30—
40% of the original total activity (380 pmol acid
soluble nucieottdes liberated ml 'h '} in the combr
ned 0-96 h macrophage media The pH optimum
for this RNase was 70-7 §

DISCUSSION

Dralysis was avoided and desalting of culture media
was carried out by gel filtration to enable the
selection of molecules greater than [800 daitons for
IEF The lyophilized IEF fractions were brought to
cell culture conditions by dissolving them m fresh
DMEM and biological assays were carried out
without FCS in the culture medium to ensure
against interaction between macrophage factors and

FCS proteins

350

Macrophage-denived non radioactnve thymidine
has been shown to inhibit 3H thymidine uptake ynto |
fibroblasts (17) This artifact cannot be the cause of
inhibition here however, since low molecular |
weight substances were removed before IEF by gel -
fittration

RNase acuvity was found in the same fraction
that stimulated proline ncorporation It has been
suggested that macrophage-dernved exudate regula
tes collagen synthesis tn granuloma slices and cell
free translation system through an RNase action by
means of the degradation of polysotes of fibro
blasts (2) 1t has also been proposed that intracellu
lar RNases and therr inhibitors regulate the
synthests of protemns by affecting the stability of
polysomes {3 8 14) It has recently been shown
that RNase 1s d also with polyr n
fibroblasts of experimental granulation tissue (11)
These findings suggest that the ntracellular control
of protein synthesis of fibroblasts and the macro
phage denved RNase action are connected 1n some
way as yet unknown
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Fig 3 Sumulaton of 3H proline mcorporation mto
fibroblasts of 6th passage (-O-O-0O-} and medium
collagen (- @~ @-@ =) as a funtion of concentration of a
fraction focused at pH 104 {mostly atkaline) The
protein load for focusing was 15 mg The mean
SEM (n = 6) s expressed for each concentration
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NON-SPECIFICALLY BOUND IgG AND Fey RECEPTORS
IN HUMAN MALIGNANT TISSUES

FINN W ESENBERG

Broegelmann Research Laboratory for Microbiology Umversiy of Bergen Bergen Norway

Wesenberg F Non specifically bound 1gG and Foy receptors in human malignant tissues Acta path

mcrobiol scand Sect € 87 353-356 1979

S mar amounts of non specifically bound 1gG were found in the efuates of the same tissues both after
the Fey receptor acuviny (FCRAD had been abohshed by disrupung the ussue and when FcRA was
watact This mdicates that the non specifically bound FgG 1s either not attached to the FeR or that only
the free FcR were abolished ™o FcRA was detected 1n the supernatant of the nssue from which the
F2RA was abolished thus indicating that the FCRA was destroyed

ey words Homan mahignant tssues non-specifically bouad 12G Foy receptars

F Wesenberg Broegelmann Research Labosatory for Mrobology MFI bygget ™ 5016 Haukeland

sykchus Bergen Norway

Remived 30179 Accepied 6vi 79

Nehave previously shown that non specifically
bound 1gG was eluted from five out of thineen
tumours (7 9) but no clear relationship was found
berween the amount of eluted IgG and the Fey
reorpior activity {FeRA) in corresponting tissue
sectons (8) The ussue wsed yn these elution
“petiments was homogenized for 30 s, and the
FeRA 1n secuons of tissue Sediments was always
found 10 be symilar 1o that 1 untreated tissue

flowever disruption in a bactersal press or longer
bomogenzation of the ssue abotshed the FCRA n
the tissue sediment (6) It was therefore of interest
10 myesugate whether there was any difference 1n
Senspecificatly bound 12G betw een eluaes of tissue
where the FCRA was present and eluates of the
same tsswe from Which the FCRA was abolished
Exminanon was also made as 10 whether the

FeRA was destroyed dunng a longer period of
homogenszation

MATERIALS AND METHODS
Tistue
The amples from secondary deposits of two T hrosar
comas and a 1otal of eleven carcinomas from the colon
Yras, bronchus  ovary  endometnum  cervis and

bladder as well 2s normal liver spleen, kidney lung
swmach 2nd skeletal muscle were from the same tissue
specimens (marked A M) as those used previously (9)

Disruption of Tissue

Tissue was disrupted 1 a bacterial press as described
previously {6)

Preparaton of Evtract jI
Samples from five of the tumours as well as from

alie seaiment was then re homogenized for 10 sun 1n
fous volurnes of PBS and centrifuged at 20 000 x g for
20 min The supernatant Was concentrated ten bimes and
was called Lruact 1t

Elutton of Tissue

3 g ussue disrupted 10 the bastenial press was eluled
by the conunuous flow techmique as described pre
vionsly 19) Brielly the Ussue was placed between glass
fibre filters 1n 3 short glass column and washed wa
continuous upward flow of PBS containing 0 05% Na
aude at4°C After 2 controf sample was collected the
column was submerged i 3 waterbath ar §6 °C aad
cluted 1n the continuous flow of PBS at that temperature
Controls and eluates were concrnaied 1o between t §
and 2 5 ml Gpproximately 100 umes)



22 Wadstrom, T, Moliby, R, Jeansson, S & Wrethnd, 24 Wolff, J & Cook, G H Charge effects m the
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S mular amounts of non s
te Fey receptor actvity
mnact This ndicates that
the free FcR
FeRA was af
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were abolished No FcRA was

2G and Fey receptors tn human malignant ussues Acta path

peaifically bound 1gG were found 1n the eluates of the same ussues both afier
{FcRA) had been abolished by disrupting the ussue and when FcRA was
the non specificatly bound 1gG 1s exther not attached 1o the FeR or that only

detected 1n the supernatant of the tissve from which the
bolished thus indicaung that the FCRA was destroyed

Key words Human malighant tissues non specifically bound TgG Fey receptors
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sikebus Bergen Norway
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rehave Previously shown that non specifically
415G was eluted from five out of thirteen
s (7 9) bot no clear relationship was found
0 the amount of eluted 1gG and the Feoy
01 actnity (FcRA) 1n corresponding tissue.
o5 (6) The tissve used n these elution
niments was homogenized for 30 s and the
A tn sections of ussue sediments was always
10 be similar to that 1n untreated tissue
Owever distuption i a bacterial press or longer
O8enization of the ussue abolished the FeRA 1n
Ssue sediment (6) 1t was therefore of wterest
WVeSUgate whether there was any difference 1n
Speaifically bound 12G betw een eluates of ussue
fe the FcRA was present and eluates of the
*lssue from which the FeRA was abolished
MnaLon was also made as to whether the

A was destroyed duning a longer period of
ﬁgemzanon

MATERIALS AND METHODS
e
Be g o
Wan"y

gelmann Research Laboratary for Microbiology MFH bygget N 5016 Haukeland

bladder as well as normal liver spleen kudney lung
stomach and skeletal muscle were from the same ussue
specimens (marked A M) as those used previously (9)

Disruption of Tissue

Tissue was disrupted 1n a bacterial press as described
previously (6)

Preparation of Extract If
ES Pl

1he sediment was then re homogeruzed for 10 mmn n
four volumes of PBS and centrifuged a8 20 000 x g for
20 mun The supernatant was concentrated ten ttmes and
was called Extract {1

Etuion of Tissue

3 & ussuc disrupted im the bactenial press was elyted
by the conuatous flow techmque as described pre
jrousty (9) Briefly the tssue was placed between glass
fibre filters un a short glass column and washed ma
COnNUBUOUS uoward flow nf DRC



Erythrocytes

Erythrocytes of sheep rabbit and ox Were obtained
and handled as described previously (8) After washing
mey) were packed at 1000 X g for 10 run (100 per
cent

Agglutinins to Rabbit Erythrocy res

The indirect haemagglutimation (2nuglobulin) titre of
eluates tested against rabbit erythrocytes was recorded as
described previously {8) These agglutiuns are dentical
with the natural IgG antibodtes found 1n normal sera (8)
and have been used as marker anubodies for non
specifically bound IgG 1n the tissue (9)

Sera
Antisera to ox and sheep erythrocytes were raised 1n
rabbits by ntravenous immuntzation

FcRA in Tissue Sections

Demonstration of FCRA m sections of untreated tissue
and tissue sediments of homogenized or disrupted tissue
was performed as described previously (6) The indicator
cells (EA) were sheep erythrocytes (E) sensitized with
rabbit IgG antibodies (A} in varying amounts expressed
as aggl unuts One unit 1s defined
as the amount of the highest dilution of A which
agglutinates an equal amount of a [ % suspension of E

Treatment with Neuraminidase

Quantification of IgG and Albunun

1gG 1n Extract 11 and eluates and albumun in eluates
was quantified using single radial immunodiffusion
technique as previously described (9)

RESULTS

Eluates of Mahgnant Tissue

The main purpose of these experiments was to
compare the results obtained previously (9) using
eluates made of homogenized tissue where the
FcRA was ntact with eluates made from samples of
the same tissue but where the FCRA was abolished
All the eluates of malignant tissue from which the
FcRA was abolished contained [gG The amount of
JgG eluted was calculated and plotted against the
amount obtaned using homogenized tssue As
shown 1n Fig 1, the amounts eluted corresponded
fairly well although three tumours (E H and L)
showed some divergent results From tumour E
somewhat more IgG was eluted from the tissue
disrupted 1n the bactenal press and from tumours
H and L somewhat more IgG was eluted from the
homogemzed tissue

Agglutinins to rabbit erythrocytes were detected
1n the eluates of the four tumours studied previousfy
using h ussue (9) and the rauo of titre

Tissue secions were bated with
(Behringwerke Marburg Lahn West Germany) 100 or
25 1E /ml at 37 °C for | h and washed for 10 mun
PBS

FeRA 1n Extroes 11

Auwr dried Extract 11

One drop of Extract II was air dned on a large cover
shp and tested for FcRA as described for tissue sections

Rosette inhib tion assay Mononuciear cells were
separated from heparinized blood of healthy individuals
using centrifugation on a Ficoll Isopaque gradient
(Lymphoprep Nyegaard & Co Osfo) washed twice and
resuspended t0 3 % 108 cells/ml 1n PBS One drop of a
suspension of ox erythrocytes sensitized with one
agglutinating umit of rabbit IgG antibodies (EA0Y) was
mixed with one drop of Exceact If and icubated for 30
mun 2t approx 20 °C Incubation with PBS served as
cantrol One drop of the mononuclear cell suspension
was mited With the suspension and mcubated further for
6 b at the same temperature The EA rosetie forming
cells were then counted 1n a counting chamber

Agglunnation of EA To a twofold dilution of Extract
110 0 | mi volumes of PBS was added 0 1 ml ofal%

of 4 with one half ag

unitof A The muxtures were left for 30 mun at approx
20°C The tubes were centrifuged at 1000 x g for 310 s
the erythrocytes were suspended gently and the agglutt
nation was recorded macroscopcally

Concentrationt centrated

Extract 1l controls and eluates were con
using Amicon UM 05 Diaflo filters

of agglutimins to concentration of IgG 1n the cluates
was also similar to that obtained previously (9)

Eluton of Normal Tissue

For control purposes normal tissue was disrup
ted 1n the bacterial press and eluted Eluates of
kidney from younger individuals (aged 20-30

P =
@
S 8

o
8

196 #luted n mgikg d srupted t ssur

——

200

50 100 150
196G eluted n my/kg homogen ed T stue
Fig 1 Amount of IgG eluted from homogenized tissue
(tumour A-M) plotted aguinst the amount eluted from
nssue disrupted 1n a bactenial press Fquation of the
regression ey — 0 75x + 3 32 correlaton coeflicient
0817 (p <0001)



[ABLE 1 ddsorpnon of EA% 1o Sections

of Tissue Sediments from @

Carcinoma of the Colon before and afier

Treatment with Neuranunidose

Tissue preparations Neuraminidase®’ 2

Latreated - e
- + I

Homogenized for 60 5 and

washed 10 umes - 4+
N - 4t

Homogenyzed for 10 mn - -
" + -

Agl unus of EA
H 112 174 /8
LR + - -
4 4 + -
+ ¥ + - -
+ 4+ +* - -

2 Sheep erythrocytes {E) sensitized with varying amounts of rabbit antibodses (A}

Y~ before treaiment with neuramunidase
+ after teaument with neutamundase

yers) and bver and spleen from wndraduals of
vanous ages {20~60 years) contained no detectable
IgG Elustes of kidney from older individuals (aged
50-60 years) and lung, stomach and muscle from
1ndwidugls of various ages contained IgG, and some
als contaned agglutsmins to rabbit erythrocytes
Where he agghutinins Were detected 1 the eluates
the ratio of agglutins to IgG was simular to that
fouad previously 1n extracts znd eluates of homoge-
ted tssue {9) The amount of 18G eluted from
disrupted tissue corresponded to the amount eluted
from the homogenized tssue

Ratno of Atburmn 10 156
All (he eluates contamned measurable amounts of
albamin The rauo of concentration of albumin to
of [gG was therefore caloutated where
1:G could be measured The results obtaned were
wmpared to those tbtaned using extracts and
elyates of the same tissues {7) The rato found 1n
¢luates of all the normal and three of the malignant
ssues was similar 10 tha found 1a extracts and
tlyates of the homogemuzed tssues The other
malignant tssues showed a reduced rano ag
tompared 1o the extract and the yeduction obtumned
%as symifar w0 that obtamned when eluates of
homogenized tissue were used

Exiraes J5

In order to investigate Whether the FcRA was
destroyed duning longer homogenzauon of whether
the FcRA ¢ould be detected 10 the extract, washed
ussue sedsment With demsonsirable FeRA was
homogenuzed until 0o FeRA could be demonstrated

153 the sections of the sediment The concentrated
extract (Extract II) contained either no 1gG or only
trace amounts EA sepsitized with from one-eighth
10 two azglounaning units did not adsorb (o. Extract

T tage A 2t .

of A

EA sepsttized with from one-eighth to two
2ggluunanng units did not adsord to secions of
tissue homogenized fos 10 mun Incubation of these
secuons with Extract IT or washing the sections 10
PBSat4°,20°,37°,45°0r 56 °C for 30 min drd
not restare the FCRA There were no dufferences in
the results obtaned ustng malignant tissue or
normal hver and spleen

Treutment of Tissue Sections with Neuramnidase

Representative results obtatned using neuramin-
dase are shown 1n Table | Untreated tissue
adsorbed EA sironger after treatment with neura-
munydase, but no adsorption was visible on the
secuons of ussue hamogenwzed for 10 mun afey
tsearment with neuramunidase

DISCUSSION

1n ths study, compansan has been miade of elpates
of sediment of malignant tissue where the FeRA
could be demonstrated 1n secuons of the sediment,
2nd eluates of samples of the same tssoe from
Which the FiRA had teen abolished The results
obtamed show that about the same amount of both.



total and non specifically bound IgG was eluted
from the tissue sediment 1rrespective of whether or
not the FCRA could be demonstrated 1n the sections
of the sediment This could mean that the non
specifically bound IgG 15 not attached to the FcR as
indicated previously (6) However another explana
tion might be that only the free FcR detected by the
indicator cells used were abolished from the tissue
The FcR that had bound IgG would then not be
affected and this IgG could be eluted at 56 °C

FcR have been 1solated from lymphoid tissues
using different fechniques (1-5) Since the FcRA
could not be detected in sections of tissue homogent
2ed for 8 min (6) the question therefore arose as to
whether the FCRA could be detected wn the
supernatant (extract) of the ussue after the FcRA
was abolished No FcRA was detected 1in the
extract Furthermore treatment of sections of the
homogenized tissue from which the FcRA had been
abolished with neuraminidase did not reveal any
hidden FcRA as was the case when untreated tissue
was used Washing of the sections at different
temperatures did not reveal any FcRA thus
tndicating that the FCRA was destroyed However
the concentration of FCRA 1 the Extract 11 might
be too low for detection of FCRA The FcRA in the
supernatant might also be blocked though this 1s
less Irhely stnce there Wwas no 1gG or only trace
amounts of IgG in the supernatant Therefore the
results obtained show that other methods than those
described here must be used for the 1solation of FcR
1n mahgnant Lissue

The author 1s a fellow of the Norwegian Research
Council for Science and the Humamtes (grant no C
01 04-9)
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ACTIVATION OF THE BACTERICIDAL CAPACITY
OF BLOOD GRANULOCYTES

Evaluation of @ New Method and the Effect of Levanusole

JAN PALMBLADY)") and LARS ENGSTEDT!)

1) Degt of Medicrne IV the Karolinska Institute at South Hospital and 2) The Laboratary for Chincal
Stress Restarch Karolinska Instpte Stockholm Sweden

Evatutron of
Palmblad J & Engstedt L Actvaton of the bactericidal capacity of blood granutocytes
2 new method and the effect of levartisole Acta path smicrobiol scand Sect. € &7 357~364 1979

In most polymorphonuclear (PMN) bacterscidal assays each PMIN 15 gtven appr 0 5—4 bactena to kn'l“l
but 1t has not been sufficiently shown that this ratio s opimal for the detection of changes 1n M

f1ll ng functions One PAN incubated With increasing amounts of Staph aurens can kill between 43
and 90 colony formimg units (CFU) Therefore a new assay giving each PMN a submauimal bactertal
amount (e 3040 CFU/PMN) was developed This new assay was compared with a standard one
¢ using 2-4 CFU/PAMN) concerning the effects on PMNs of thermal mactivation and of levamisole
Exposure 10 46 °C for 3-5 munutes decreased the killing capacity easiest descernable with the standard
asay fncubauon with levamisole in concentrations ranging between 106 and 10 7 mol/l yncreased the
PAI\ §illing capacity and this Was most evident with the modified assay Thus enhancements of PMN
kill g functions might be detected better with the present modified PMN bactenicidat assay whereas

mpairments are disclosed more readily with the standard assay

Key words Blood granulocytes hactericidal eapacity mew test method levamisole

4 Palmblad 4th Dept of Medscine Sodersjukhuset, S-10064 Stockholm Sweden

Retved Tiv 79 Accepred 22 Wi 79
Polymorphonucicar (PAIN) granulocyte bactert
@&l funcuons are usually studied with sn setrg
usays After tncubation of fixed numbers of PAINs

bactena the number of remaming fving
Bctenia are determined erther by the Maalee
whaic or by biochemical tests Most convenuonal
185 employ an 1mtal ratio between PAINg and
Socteria which isappr 110112 8 25) Although it
2% not been sufficenly demonstrated thay this
RO 15 optimal for different PUrPosss 1t has been
wet widely and apparently successfully for the
Menufication of vanous defects in PN fling
funcvons.

W has peen argued howsver that o would be
easier to detect changss of PMN bactenicudal
function uf the number of bactern per PMN 35
mcreased (10) Recently Clawson & Repine 44)

suggested 2 test for the detection of PMN defects
where up o 100 bacteria per PMN was emgloyd
The usefuiness of this wstressed « test has however
been debated (3)

In addtion 10 investigations concerning defects of
PN kiiting functions 1t seems equally interesting
to obtain information about a possibly enhanced
bactericidal capacity To sstimulate the phagocytese
{24} 15 sult an important task for 2ntimicrobial
therapy Tools for such observatons are certainly
needed eg In pharmacological eesearch

The aim of this report 15 to present work on a
modification of the Maaloe technic whereby each
granulocyte 1s given approx  30-40 bactersa to kil
i viro 4403 The fitness of the modified method has
been examined and compared with a standard assay
m tho experimental models presented here
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FX 1 Results from the analyses of Prtng from 103

. thy donors when ncubated with the mlowe bactertal

;:lum The medan valie 5 for the 45 minye
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The Submaimat Bacicrial Concentrar on
Che Mod fed Avsars

According to the results in Fig 2 pe
PUN xinng capacity vared consie
Sctermine ths caracity several bacter,
“ould he needed which would require

matimat
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quantties of granulocytes Also an mncreased nisk of
cell rupture has been observed at high bacterial
concentrations {4)

Instead therefore a submanimal bacterial con
centration was chosen aiming at giving each PMN
appr 3040 CFU to kill With 2 careful photome
tnc adgustment 1t was posstble o obtatn a
standardized bactenial concentration in the test tube
0of92 = 20 ¥ 10" (meanand § D)CFU/1 This
15 henceforth catled the »fugh ¢« bactenal noculum
(B 1) To test whether the bacteria were m the lag or
log phase and il the serum possessed staphylocidal
properties S0 controls were run for 90 minutes with
only bactenz and serum These yielded for the
»low ¢ and »high « bacterial concentrauons In mean
(% SE) 131 % 9and 107+ 5 percent of the mtial
counts respectively Thus no appreciable bacteral

s
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sﬁ .
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MATERIAL AND METHODS

Subyects

Donors of PMNs were 103 healthy blood bank
donors and members of the laboratory stafl Their health
Wwas assessed by the routine procedure employed by
Stockholm Blood Centre None was pregnant or on a
drug regimen

The Standard and Modified PMN bactenicidal
assms

Basically the PMN bactericidal capacity has been

as d y (11) but with lower

PMN concentration In short dextran sedimented twice
washed granulocytes obtaned from heparinszed venous
blood were muxed with pooled serum and suspenstons of
Staph aureus phage type 52A/79 group I grown over
night 1n broth and being 1n the lagphase The bacteria
had been washed twice 1n 045% saline and then
resuspended The desired bactenial concentration has
been adjusted with saline according to 1its optical density
ma B B } {11) The
tion 1n the test tube of serum was 10% and of
granuvlocytes 25 x 109/) (range 2 25-2 75) and only
band and segmented forms were counted The concentra
tion of bactersa was | 0 x 1019/1 colony forming units
(CFU)n the standard assay and sn the modified assay as
described below The tubes were incubated at 37 °C n
duplicate and samples were removed after 22 5 45 and
90 minutes of mcubation for quantitation of viable CFU
by the pour plate method The results are given in terms
of mean living CFU 1n the duplicates as a percentage of
the mnittal counts

Thermal Inacination

To create a reproducible and partial defect of PMN
bactericidal capacity affecting all cells a PMIN suspen
sion from a single subject was incubated 1n a 46 °C
water bath for | to 5 minutes after which bactersa and
serum were added The bactericidal capacity was then
assessed with the standard and modtfied assays in order
to evaluate their ability to detect the impairment
Untreated PMNs from the same subject served as
controls The difference tn the percentages of living
bacteria from the controls formed the basis for the
statistical analyses and the mean values of 45 and 90
mun icubation periods are depicted in Fig 5

Levamusole

The anuhelmmte drug levamsole {L 2 3 5 61letra
hydro 6 phem! nudazo thiazole hydrochloride mol wt
appr 41 kindly provided by Jansen Dwision Leo
Helsingborg Sweden) was used (o see whether a possible
sumulation could be observed with either assay The
drug was dusolved mn Hanks batanced salt solutron
watanng 0 | ¥ gelaun (HBSS) to a stock concentration
(10 2mot/1) from which final diluttons were made The
tock solution was keptat +4°C foruptoa week The
PAINs were incubated with levamsole (10~-10 8 mol/
1) at room temperature for 30 minutes prior to addition
of serum and bactesa To the contsol tubes equal
volumes of HBSS were added As for the thermal

358

the diffe in the CFU 8¢ Values
from the controls was analyzed suatistcally and the
mean values of the 45 and 90 mmn incubation are
depicted in Fig 6

Stanstical Analyses

These were performed using the W ilcoxon s rank sum
test for the evaluation of changes withtn one group of
experiments and the Mann Whitney rank sum test for
evaluation of changes between groups \When analyzang
whether the standard or the modified assay Was beter
for the detection of PMN changes secondary to heat and
levamusale treatarent the 45 and 90 minute tncubation
values were used together as a basis for the calculation
The goodness of fit of the percentages hving CFU at 90
minutes mcubation was tested for normality of distribu
tion by means of the holmogerov Smurnov test for both
the ongmal percentage values and after logarithmic
transformation

RESULTS

The Standard Assay
The results from the analyses of the 103 healthy
subjects are given 1n Fig 1 For conveniance this
has been drawn tn a logarithmic scale However
since 2 loganthmic transformation of the percenta
ges did not improve the normality of distribution of
results (p > 005) all statistical analyses were
performed on the original percentage values The
day to-day variation for a single subject 1s given n
Table | The error of the method 15 16% when
calculated from 20 double determinations by the
tormula
Td?
2n

The variation (mean 2 SD) of the standard bactenal
inoculum (referred 1o hereafter as the >low « BI)
was 105 = 037 x 101 CFU/I Thus each
granulocyte provided with a mean of 3-4 CFU

Maximal PMN Kdling Capacity

As described above destred concentrations of
CFU could be obtamed after a photometnaal
adjustment The final test tube concentrations were
accordingly varied from a maxmum of 2 5 X 101t
CFU/1 with several seral dilutrons down to the
wlowe BI 1e appr 1 x 101 CFU/I [n this
manner each granulocyte from a single donor could
mitsally be provided with from 200 to 2-4 CFU
The number of CFUs remaining viable afier 90
minutes of incubation was clculated and the
results from 105 determnauons are gnen i f1g 2
The maxmmal killing capacity varied but was
generally between 45 and 90 CFU/PAMN

»
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quantties of granulocytes Also an mncreased risk of
cell rupture has been observed at tugh bactenal
concentrations (4)

Instead thecefore a submaximal bacterial con-
centration was chosen armung at giving each PMN
appr 3040 CFU to kill With a careful photome
tne adjustment 1t was possible to obtam a
standardized bactertal concentration n the tes tube
of92 % 20 x 10'°(mean and S D) CFU/ This
15 henceforth called the »high ¢ bacterntal moculum
(B 1) To test whether the bacteria were i the Jag or
log phase and 1f the serum possessed staphylocidal
properties 50 controls were run for 90 mimnutes with
only bacteria and serum These yielded for the
»lowe and »high« bactertal concentrations i mean
(% SE} 131 % 9and 107 S percent of the imtsal
counts respectvely Thus po appreciable bacterial
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TABLE | PMN Bacteral Capacity Day 1o day Variation in the FPercentage Living CFU at 90 Min Incubapion

% lviing CFU at 90 min

Donar Day 1 Day 2 Day 3 Day 4 Mean = SE
R T 204 155 e
’ ;1‘:;-?3[1 ,2; 1325 1553 135; 145;:?43
R 26 27 187 #3017
Y 55 25 tH 26 aenss
£ i:f&wh glr lf"zJ llzl4 13248 10398 IZJ::IDIS
T 152 i 93 159202

growth occurred during the incubation Serum s
essential for the killing of this Staph aureus strayn
as evidenced by the findings when serum was
replaced by HBSS tn the test tube Wath the »lowa
BI the 90 minute ncubation results were 1n mean
(£ SE)85 8 + 2 2 percent and with the »high Bl
758x 91 The effect of the muxing procedure e
20 end over end rotations per minute mn 2 Heto
Rotomixer was compared with no mixing at all
With the latter only marginal killing was seen the
8 e mcwbation valies were r mean 874 and
750 percent with the »low« and shigh« B1
respectively  With PMNSs from the /03 donors the
results obtamned with this modified PMN pac
teticidal assay are depicted 11 Fig 3 As with ¢pe
standard assay the results obtained with the tnod
ified assay Were more normally distnibuted When
the original percentages were used compared with
thexr logarithmic transformatons {p > 0053
Hence the former were used for staustical purpe
ses
The day to dav vanaton for a single subject 15
given m Tahe} |

The error of the method caiculated as described
ahove 158 1%

W hether Sex or age Were associated with changes
1 PMN bactericdal funcyons has been determined
with th~ standard as well as the modified assays
Thirtyone males and the same number of femajes
showed (ke following mese percenteges {+ SE)
after 90 munutes mcubation wowe BY 272 63

360

and2 5 x 02 respectively whugh«B1 175207
and 174 & 09 respectively Thus no differences
between the sexes could be found 1 this respect
Age between 20 and 90 years has previously been
shown not 1o be associated with a change m AN
killing functions with exither method (14) The effect
of a previous ntake of food has been determmmed A
breakfast may give a tendency to an enhancement of
the PMN kalling capacity witk »highe BY bui 2
comparison with the day to~day variation shows no
major difference (Fig <}

Thermal [nactnanion

With increasing pertods of exposure to 46 °C
PMN bactericidal capacity decreased Qnly smali
desiations from the control values were noted with
either B{ 1f the exposure was 3 minutes or fess [n
the 4 and 5 minute experiments pronounced and
sighificant impawrments were noted withi the stan
dard assay (»ow« B1) while the results with the
modified assay (rhighe B [ J only showed significant
changes 1n the 5 minute samples (Fig 5) Thus 2
minor reduction of the PMN bactericidal capaity
was disclosed better by the standard than the

modified assay

Levanusofe

As shown 1n Fig 6 the modified assay exhibited
red) of the p of fiving
CFU when d wuh X )

uons of 10~ and 10 7 mol/l while the standard
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. 2 45 90 min
\::m.: :mllls from the analyses of PMNs from 103
m"y‘ On97S When incubated with the »high hacterial
wwv: The medun vatue 15 for the 45 mimue
T’ﬂrmg': A‘U% nd for the 90 munute 16 6% The
o "m: ucslic the imits for the central 95 percent
153 ertall are for the 45 Tunute incubation 8 3-

nd for the 90 munure 7 7-297%

y showed a small but

it l{ix:lmﬂ‘ermee from the controls at the (0-

o Im“hm a0 a sigmficant difference was
ween the shigh and »lowe B1

n DISCLsSsIoN
® Present
Sraniloyy findings indicate that human PAIN

P qlm ableto kil at most, 45-90 Sraph
Vitre This Qpacty can be used 1n a

modified bactericidal assay where each PMN s
gven 3040 bacteria and which possesses a
reasonable precision Based on the experiments
presented here and elsewhere {vide infra) we suggest
that compared with a standard assay this modified
assay will primarily enhance the ability to detect a
stmulated but not a decreased PMN bactericidal
capacity With this modified assay evidence 15

% Living CFU at 90 min
3
Al

Fig 4 The influence of a meal as deseribed 1n text on §
subjects fasted over night @ —@  lows Bl (-0
rhigh« BI



TABLE | PMN Bacterial Capacity Day-to-day Variaton in the Percentage Living CEU ar 90 Min Incubanon

% hving CFU at 90 muin

Doneor Day 1 Day 2 Day 3 Day 4 Mean = SE
A ow B 36 36 b¥)

31203

mghB1 166 204 159 176214

B low B 412 35S R 54 52£03

high B1 166 102 159 135 140214

C low B 1 42 24 24 3006

high B1 236 127 187 183232

D low B1 25 49 13 13 2805

high B1 138 275 139 206 190x33

E low B! i3 14 28 38 2605

high B1 162 ni 134 109 12912

F low B1 17 i3 19 1602

Tigh B1 152 1 193 1542212

growth occurred during the incubation Serum 1s
essential for the killing of this Staph gureus strain
as evidenced by the findings when serum was
reptaced by HBSS 1n the test tube With the »low«
BI the 90 minute incubation results were in mean
(+ SE) 85 8 =+ 2 2 percent, and with the »high« Bl
758% 91 The effect of the muxing procedure1¢
20 end over-end rotations per minyte in a Heto
Rotomixer was compared with no pmxing at all
‘With the latter only margina) killing was seen the
90 mun mcubation values were mn mean 87 4 and
750 percent with the »low« and »high« Bl
respectively With PMNs from the 103 donors the
resulis obtamed with this modified PMN bac-
terscidal assay are depicted i Fig 3 As with the
standard assay the results obtaned with the mod
ified assay were more normally distributed when
the original percentages were used compared with
their loganthmic transformations (p > 0 05)
Hence the former were used for statistcal purpo-
ses

The day-to-day saraton for a single subject 15
grven n Tabel |

The error of the method calculated as described
above 15 819

Whether scx or age were associated with changes
i PMN bacterscidal functions has been determinied
with the standard as welf as the modified assays
Thirtyone males and the same number of females
chowed the following mean percentages (* SE
afier 90 minutes ncubation »lowe« B 27 03

360

and 2 § + 0 2, respectively »high« BI 175 £07
and 174 % 09 respectively Thus no differences
between the sexes could be found in this respect
Age between 20 and 90 years has previousty been
shown not to be associated with a change 1n PMN
Kkilling functions with either method (14) The effect
of a previous mtake of food has been determined A
‘breakfast may give a tendency 10 an enhancement of
the PMN kdling capacity with nhughe B, but a
companson with the day-to day variation shows no
major difference (Fig 4)

Thermal Inaciation

With ereasing penods of exposure to 46 °C
PMN bactericidal capacity decreased Only smail
deviations from the control values were noted with
erther B[ 1f the exposure was 3 mynutes or fess in
the 4 and § runute expenments pronounced and
sigmficant impairments were noted with he saa
dard assay (lowe« B1) while the results with the
modified assay (»high« B 1) only showed signaficant
changes m the 5 mimte samples (g 5 Thus 2
minor reduchion of the PMN bactericidal capacity
was disclosed better by the standard than the
modified assay

Levanusole

As shown n Fig 6 the modified assay exhbited
significant reductions of the percentages of living
CFU when mcubated with levamisofe concentr2
ons of 10-% and 10°7 mol/l whie the standard



modified Sactencidal asszy where each VN s
guen 30-40 tacteta and which possesses a
reasonable precision Based on the expenments
presented here and elsewhere tvide infral we suggest
that compared with a standard assay this modified
assay will primanly enhapce the abjlity to derect 2
stmulated but not a decreased PMN tactericraal
apiaty Wuth this modified assay evidence 1%
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Fg 5 Effects on the bactericidal capacity of various
periods of thermal imactivation of the PMNs Means and
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®-—@ low Bl O——O high BI Staustcal
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Fig 6 The effects on PMN bacteriadal capacty of
levamisole Means and SE values for the d:fference from

the controls Symbols as in Fig 4

of mcubation with fing of the cest s

sigmfiance of differences are grven from

samples and within brackets for the differences

between the high and low BI * P <005 <)
P< 002 * P<0QI

presented here that the anuhelmintic drug levam
sole might sumulate PMN kithng functions in vitro
1 addition to the enhancements of PMN chemo
taxss and engulfment reported by others (9 26 cf
however 21)

The maximal PMN killing capacity has previo
usly been esttmated to be appr 60 colony forming
units {CFU) pes PMN (4 10) The present findings

agreement with these studtes but

eral
::p;:;sfz?the difficulty to design an ur vuro test
which measures this adequately without creating
artefacts For mstance +f 100 bacteria or more are
to each PMN granulocyte structure changes
e ure were observed after a short period

and cel) rup

62

a ter! of tumbling already after
20 mimutes (4) However since a considerable
degree of hilling takes place between both 20 and
45 and 45 and 90 nunutes of incubation with the
»high aswellasthe low bacterial moculum (BI)
valuable informations mught be lost when incuba
uon 1s stopped after 20 munutes Instead 1t is
suggested that the submaximal bacterial noculum
used here might posubly be a less cel] damaging
exposure since the hiling 1s continuous during the
whole incubation time The vanauon in the end
results 1s also considerably less than reported with
the stress test (4)

The day to day variation for onc subject (s small
as presented here (Table 1) This however presup
poses thorpugh contrel of eg the granulocyte
<oncentration i the test tube since such vanations
are of greater ymportance for the resufts of the
bactericidal assay than the bacteral concentratrans
(Palmblad et al to be pub




uons 2re taken 1t will also be found that the
Ietween subsect vanation 15 rather small (Fig 1 &
1) Thus there 15 no need to use the

26} However no stimulanton of PMN\ hactericidal
acuvity was found when a higher i sfiro
Il 1 (100 pg/ml 1¢ appr 4 x

baenadal index by Alexander er al (1) or the
leakocyte bactericidal indices proposed by Haffman
£ Bullock (7} when pauents are compared with
‘ontrols The latter moreoser employ the expres
nonvlog percent« to describe the distribution of
tormal results As found here a loganthmi
qnsformation did not improve the normality of
dstnbution of results and consequently 1t has not
% used Thus wuh the present methods a
impler way of comparing differences between
broups can be used (cf 6) However even with the
sear distribution some umilaterat distortion re
s which makes it unsuitahle to use the stand
1nd deviation as a basis for establishung the reference
viluies Hence for this purpose we have chosen to
e the Lmus as those for the central 95 percent
woend the median value

It has been suggested that an increase 1n the
mount of bactena that each PAMN 15 challenged
M could better dentify small defects of PAN
ting fancuons (4) In subsequent studies these
'8h bactersal concentrations did not 1n fact reveal
9y mew defects which could not be assessed with
be tradivonal assay (19 20 21) In the present
tudy the hgh BI assay did not detect PM™ defects
Mth increased sensiuvity compared wWiuth the
undard assay Instead the latter did so betser
Aen the effects of thermal nactivation of PANs
boe mestugated whereas the modified assay
etested levamisole assocrated enhancements better

The usefulness of the siandard and modified
52y5 for detertine PAIN mam

ves Sutgery the siandard assay showed decreases
of the bactericidal capacity more clearly than the
the modified
postoperauve enhancements better (16
22) Tn another study of patients operated wirh
Small bowel shunts for mortd obesity  simylar
onclusions were made (17) T

ese findings are also
Supported by unpublished observations from studyes,
on nhe

C Uil mewoa U4 18)
modified assay 10 detect st
bactericidal mechamisms 1 fiy
the study of the mfluence of &
has previously been shown

The abiluy of tpe
mulation of Pyy
rther exemplified by
kvamisole This drug

10~ mol/1) was used than 1n the other studies (21}
The concentration of levamssole found to give
maumal sumulation of PM™ chemotauss (26) was
simular to what has been found here {10 7 mol/1)
but 1s somewhat less then that yiclding maximal
stmulation of particle uptake{1e 4 x 10~ mol/D)
(9) Interestingly the sumulation occursed over a
rather broad range of concentrations in both
previous studies as 1t did here

The mechanism by which levamisole exerts its
stmulation 15 not known Suggestion have been
made that 1t 1s through some effect on plasma
increasing the opsonization w hich could explain the
wide range of efMicient concentrations (9) Both the
rate of attachement (3} and uptake of bactenia and
changes in the directly bactericidal mechanisms may
be important for the rate and digree of killing

Based on present studies 1t 1 suggested that the
modified assay might be used alongside the standard
assay thereby secunng optimal coverage of both
possible impairments and enhancements of PAIN
bactericidal functions

This study was supported hy a grant from the Swed sh
Aanonal Dfence Rescarch fast wre The skilful techmical
assistance of Mes € fledt nd and Mrs S Rudde 1
gratefully acknow ledged
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sigmfiance of differences are given from
samples and within brackets for the differences
between the high and low Bl * P <005 *(*)
=pP<002°* =P<00l

presented here that the antthJminti drug levamm
sole might sumulate PMN killing funcuons i vitro
s additton to the enhancements of PMN chemo
1axis and engulfment reported by others (9 26 cf
however 21)

The maumal PMN killing capacity has previo
usly been estimated o be appr 60 colony forming
umits (CFU) per PMN (4 10) The present findings
are n general agreement with these studies but
emphasize the difficulty to design an s vuro test
which measures ims adequately without creating
artefacts For mstance of 100 bacteria or more are
gven to each PVMN granulocyte structure chan%s
and cell rupture were observed after a short peri

—_r ™

necessitating a termnation of tumbling already afier
20 minutes (4) However since a considerable
degree of killing takes place between both 20 and
45 and 45 and 90 minutes of incubation with the
> high « as well as the »low« bacterzal mnocutum (BD
valuable mformations mught be lost when ncuba
tion 1s stopped after 20 munutes Instead 1t 1§
that the 1 bacterial 1
used here might possibly be a less cell damaging
exposure since the killing 1s continuous during the
whale incubation tme The vanation 1 the end
results 1s also considerably less than reported with
the » stress « test (4)

The day to day vanation for one subject 1s small
as presented here (Table 1) This however presup
poses thorough control of eg the granulocyte
concentration 1n the test tube since such variations
are of greater importance for the results of the
bactericidal assay than the bacternl concentrations
(Palmblad et al 1o be published) If such precay
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Anticomplementary acuvity tn diffuse and nodufar goiters  Acta path microbiol scand Sect C 87
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The occurrence of apticomplementary actnity and us correlavon (o serum thyrogiohulin was
mvesgated 1n 74 panents with thyroid diseases and 63 age and sex matched control subjects The
atents which were subgrouped according 1o thyrod lunction and characterisucs of the goater were
exammed at the time of dugnosts The aptcomplementary activity was measured by a complement
wnsumption (CC) assay Sera from patients with Graves disease and nontovc diffuse goiter showed
stsonger acuvity than séta from panents with nomouR goref Seventeen of the pauents and one of the
controls were positive 11 the CC-assay The percentage hemoglobn release in this assay was normalhy
distributed using control sera but not for the patient group There was no correlation enher between
CC acuvity and serum concentrauions of thyroglobulin or CC acuvity and anubodies to the O antigen
of Yersima enterocolitua serotype 3 thyraud il nuclear factors i

sireptococ hyaluronidase and parietal cells respectively However correlation between the levels of
thyroid sumulating immunoglobulins and CC activity was noted (Rho = 0511 P <005) which
suggests that these immunoglobulins also are present 25 immune compleses Thyroglobulin —

anuthyroglobulin complexes preformed gn witrs at Tugh thyroglobulin concentration gave negathve
Teselts i the CC assay

ey words Complement consumpuion assay thysord diseasss thysoglobuiin thysoglobuln autoantibo-
dies hyrod sumulating antibodies

Lita Feldt Dep: of Internal Med: d

2730 Herlev Denmark

eeived 14179 Accepted 4 vii 79

Both humoral and cell mediated 1mmune reac
O8S are ymplicated m thyrowd diseases especially
Jraves and Hashimotos diseases as reviewed by
‘olpe e1 af (1974) and Altison (1976) A vanety of
hyroud autoanubodies are found Gfatl 1962) and ;n
Hro tnhibition of leucocyte muigration 1n sesponse to
hyroid homogenate (Lamkt ef af 1973 Warren
vergetal 1973 Bechetal l978)and\hymg\u\7u\m
) (Delespesse €1 al 1973) has been described

—_—
This Work was presented in part at the 4th Eyro;
Immunotogy Meeting in Budapest Apri 1975 pean

F Herlev Unuvnsuy Hospital

The presence of circulating immune complexes
(IC} indicated by mhubion of Kcell cytotaxic
actvity (Calder et al 1976) and anticomplemengary
acuvity (Calder er al 1974) has been reported in
autormmune thyroid disease Further more serum
sickness likely caused by corplexes composed of

hyrogl ) - (TgAb) has
been observed followng therapy in Graves disease
(Ploth et al 1978)

The purpose of this mvestigation was to study the
occurtence of anticomplementary actvity in diffuse
and nodufar goter and 10 examine whether this
acuvity carrelates to the levels of Tg TgAb thyroid

are
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iy 1976) The ratios betmeen Tg and TgAb ranged
from 123 fotd 2rtsgen excess (o ten fold 2ntsbody excess i
s of binding sutes Control tubes of EA Tg and \S
w~eincluded and ail thes were incubated for one haur
a31°Candat 4 °Covermight After further meubation
2 56 °C for 30 munutes they were alt run s the CC
2y

RESULTS

Inthe paents an increased level of anticomplemen

ey activity fCC) was demonstrated as compared
with controls Seventeen patients were CC positrve
montrast to onfy one control subject (P <0 001

Table )

The distribution of CC acuvity of pauents and
oonirols were compared (Fig A) and both median
d upper range were higher 1n patients than 1n
oontrols Pletung the cumulated frequency on a
prohut scale yielded a straight hine for the controls
®hie this could not be seen 0 the group with
thyrod disorders Fig 1B)

Companing the subgroups of patients with ther
Tispective controts (Table 1) no difference 1n respect
1osexand age was demonstrable The CC act ttes
iffered most markedly when companng nontovic
Affuse goner with the relevant control group (P
<002 Fig 2) 1n nontouc nodular gotter and

Vs disease the difference was of the same
Méntude compared to the control group (P
<005) but the median value was higher for the
Boup wuh Graves disease Only few pauents with
W adenomas were tncluded and no sigruficantly
mereased level of CC acuvity was demonstrable

¥I8 %as 1o demonstrable correlation between
Cactivity and anubody levels to thyroid cytop
lsma e O anugen of Yersima enterocoliica
1otype 3 as well as ANF ASH AST and parictal
::Ir]zmwm all measured 1n the same patient

TABLE 2 Antico

mplementary Actvity Measured bhoa
Compiemens Co

nsumption Assay in Thvroid D sease

Pauents

Controls
€C pos invea 170 I»
CC nerauve 54 62
Total n 63

* The level of posiivity was st by thy

€ mean 1t

inbibuuton of hemoglobin retcase + 2P of mp,;r,;"
P <0001 {xetest)

]
&

NUMBEE OF PENSONS

CUMULATED NUMBER OF PERSONS.

t a0 48 32 s s
INWERITION OF NEMOGIOBIN BELEASE (%
Fig 1A Distribution of results from the CC1est 1n
patients with thyroid disease and controls B Cumulated
distribution of the same resulis as i Fig 14 (Probnt/
linear scale) Each pomt indicates the percentaze of
persons lordinate) #ith a CC test result below the salue
read off the abscrssa @ controls{n = 63) A patients n
m

Furthermore no correlation of actnity was
demonstrated either to the serum levels of native
Tg or TgAb (Table 3) In 18 pauents with Graves
disease a sigmificantly positive correlation betw een
TSAb and CC actvity was found (Rho = 0 51] p
<0 05) TSAb results for all groups are shown 1n
Table 3

Finally TgIC preformed w sitro covermg
antigen anubody ratios mn term of binding sies
from 5 to 10 umes antgen or antibody excess
respectively were tested i the CC-assay No CC
actvity could be demonstrated for any of the ratios

DISCUSSION

The results of the CC test ex
mhibiion of hemoglobin rel
distnbuted 1 controls  wh,

pressed as per cent
€as¢ were normally
1le m patents the



stimulating antibodies (TSAb) or other autoantibo
dies present in these diseases A preliminary report
has been published (Feldr Rasmussen et al 1977)

MATERIAL AND METHODS

Pauents Seventy one unselected outpatients 8 males and
63 females with thyrosd diseases were studied They
were subgrouped (Table 1) according to thyroid function
as evaluated by serum thyroxine (T4) serum truodothy
romne (T3) serum T3 uptake (T3U) serum thyrotropin
(TSH) 131 10dine uptake by the thyrod gland and
some patients thyrotropin releasing hormone test The
thyroid gland was examined by palpation and Tc99 scin
ugraphy to classify the gouter as esther diffuse nodular or
4 soltary adenoma Graves disease was defined as
difTuse gotter and hyperthyroidism often associated with
exophtalmos and/or pretbral myxoedema All the
patients were d at the ume of diag before
treatment was started The age and sex distributions of
the subgroups are seen in Table |

Controfs The control group comprised 63 healthy
nonhospitalized persons matched according to sex and
age to the patient group (Table 1) Neither before nor at
the time of mvestigation did they have any clinical or

' A S

with odine contrast dyes that might disturb the thyroud
- a4

-y
results were expressed as per cent inhibiton of
hemoglobin telease Patient sera with mhibiting actvity

exceeding the mean + 2 SD of results obtamed with xe
from 63 age and sex matched control subjects we
considered positive in the CC test

Tinrod function tests Serum Ty U wnas performed ;
described by Hansen (1964) serum T4 by a modaficane
of Murphy s method (Stersbak Niefsen 1967) and seru:
T3 and TSH by radioimmunoassays (Skovsted 197
Reehe & Orshor 1973) Serum Tg and Tedb wa
measured as previously described (Felds Rasmussen
al 1979a) Thyroid stimulating antibodies (TSAb) we;
measured by sumulation of adeny late cyclase actrvity 1
human thyroid homogenates and expressed as per cent ¢
reference activaty as previously deseribod (Bech & Maa
sen 1978) Antibodies to Yersuua enterocoliirea serotyp
3 were determined by an asglutination techmgue an
antibodies to streptolysin O (AST) and Streploco
hyaluronidase (ASH} were measured as descrabud b
Larsen (1976) Thyroid microsomal antibodies am

factor were ds by i
scence techmque (it eller & Coons 1954}

Serum spectmens were stored up to 6 months at =7
°C and patient and control Scra were run 1n the sam
assay series

Staustical evaluation Data were analysed for statisu
cal stgnficance using Mann W hitney s test for indepen
dent samples and x2test The Spearmanns rank
correlatton (Rho) was used also

Thy roglobutin antithy roglobulin smmune  eomplexes
{Ts, 1C)invitro Highly punfied 19 S Tg (Feldt Rasmits
sen 1978) at a concentration of 20 mg/ml was mixed
with serial dituuons of a serum from a patient (F\} with
Graves disease and a TgAb titer of 64 MU/ I (cahbrated
according to Medical Research Council research standard
A 65/93) corresponding to an antigen binding capacity
of 53 nmol Tg/MU (Salabé er al 1974) FN serum was
diluted 0 a TgAb free human serum which was diluted
1/5 with the buffer wsed for the CC test (Asclsen & Sie

TABLE | Age Distribution of 71 Subgrouped Panents with Thvrod Diseases and 63 Sex and Age matched Cenirol

Subjects
Patients Controls
[,
Subgroup Number Age (years) Age {years)
Number
males  fomales Mcdian (range) v Vfedian (range)
S
Nontore 0 23 s » (21-69)
diffuse
n 51§
P 3 16 (28-66) 18 Q461
o 5350 51
Toxie 5 15 (18-74) 7 22-631
diffuse ogo s
Toue ) 8 (28-75) 6 (29-61)
adenoma

2 No differcnce between the age of the patient group:

sum test

—rt

s and their appropriate controls (P >0 1) Aann W hitney s rank



antibody agunst Tg and IgG while therr report
contams no mformation as to the complement
finung or actvating properues of Whe (C We bane
shown the gresence of both Tg and TgAb m serum
follow ing subtotal thyrodectomy of 3 patient with
Graves distase (Feldt Rasmussen et at WIvY
The same serum specumens did not show any
acvry tn the CCtest This ight be due to
nsenstvity of the assay used (low et detection Irmt
for preformed BSA ann BSA complexes 1y serum
mdiey 1s about § pg/mt) Howerer when s vuro
preformed complexes composed of nauve 195 Tg
{Felds Rosmussen 1978) and TgAb were vested at
high concentration no CC acuvity was demon
suable which dicated that these TgAbs were not
complement fixing as shown by Rout er @t (1978
An ndiect eudence for the possible antgemc
of the and thew
potential {¢g complement actvation) could be
obtzined \f 2 correlation betneen CC activiy and 2
specific antigen or antibody was observed as shown
1 varwella zoster infected patients (heefsen er al
1979} In the present study we could not show any
cofrelation between antcomplementary achvity and
serum comezntrations of Tg or TgAb for the whole
material The number of CC posttive patients in the
Subgrous were oo small to evaluate Further the
TeAb method used did not measure complex bound
TgAb (Felds Rasmussen et af 1979) which hmits
the canclusians that can be made The method for
measerement of TR also had a bas When tesng
Serd containing TEAD even i low levels {Sihnerder
€ Pervos 1978 Fetdt Rasmussen et gl 1979)
However as suggested by our i irro espent
ments the CC activity demonstrated n che patient
12 %23 probably not due to complexas with native
Tg This would be 1n ageeement Wieh the data of
Hopfer al (1978) who were unable to demonstrate
g in complexes 1solated by 2 Ray cell assay from
patients with Graves dusease during treatment. It
Rauld also be compatible wuth the dara of Calder ef
of 19749) demonstraung thar the active factar
fesponsible for the CC actvty had a lower mplecy
lar eight than Tg W hether thus was a nen Tg
anhigen or a fragment of Tg present in serum ag Jeast
under some condtions (Schngider & Frofiman 1976

Feldt Rasmussen et ! 1978) 15 at present un
known

Interesungly however we cowld demonsirate a
Sigauficant correfation I patents with Graves
digease between CC activity 3nd TSAb levels which
may be wmvolyed tn the pathos

Renesis of this disease
Wolpé 1979} T hac hoamemnct 1 4 1 =~
a . .
the .
f v

TSH and TSAb acnate the ademvlate cyelsse
system through differera pathways Thus  the
Gindings seem conflictng and the anugen s at
present unknown
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any differences between disease groups, partially
due ta too small numbers of patents i each group

Recently, increased i vitro detayed type hyper
sensitwvity n response to Yersuma enterocolitsce
serotype 3 has been demonstrated 1n Graves diseas
and 1 nontouic diffuse goiter but not m nodula
gomter (Bech et al 1977, 1978) These finding
combined with the present results may sugges
immunological similar reactions 1n the two group:
of patients with diffuse enlargements of the thyroic
as opposed to nodular, and irrespectne of the
hormonal activity

Calder et al (1974)tested sera from patients witk
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Fig 2 CC activity (per cent inhib f
release) tn patients with nontoxic diffuse (n = 23) and

nontoxic nodular goiter (n = 19) Graves® disease (n
20) toxic adenomas (n = 9) and sex and age — matched
control subjects The Mann Whitney s U test for inde
pendent samples was used

Dashed line indicates mean per cent inhibition of
hemoglobin release + 2 SD of controls

distribution seemed 1o be composed of two popula-
tions, one of which (the group with the lower
values) had a slope 1dentical to the control group
After subgrouping of the patients the greatest
difference between median values of controls and
patients, was observed in the groups with nontoxic
and toxic diffuse (Graves’ disease) gouters confir-
ming results from other investgators (Brohee et al
1978) However, unhke these we could not show

thyr 15, Hash 's thyroidiuis and primary
hypothyroidism and found increased frequency of
CC-activity 1n all groups compared with a sex and
age matched control group The increased CC-
activity in Graves' disease found in the present
study confirms this finding Recently, Hop/ et al
(1978), by use of a Clq binding assay, reported that
practically all patients with Graves disease had IC
1n serum during treatment It 1s, however, difficult
to compare their results with the present findings,
as the assays used differ, and Hopf ef al only
mvestigated two pattents before treatment

Using a specific assay for detection of Tg IC
Takeda & Kriss (1977) reported a higher [requency
of 1IC postive reactions for patients with Gra
ves'disease It 1s not known whether Tg IC were
responsible for the CC-activity demonstrated by
Calder et al (1974) The former authors tdentified
the antigen and antibody of the complexes by using

TABLE 3 Levels of Thyroglobutin (Tg) Thyroglobulin Antibodies (TgAb) and Thyroid Stimulating Anuibodies (TSAb}in
Serum from 71 Patients with Thyroid Discases as well as Sex- and Age matched Control Subjects Medians and
Ranges are Gunen

Serum TSAb

TgAb — positive Serum Tg
Number of Level Number of Level Number of Level
persons MU/ personsal (pg/ 1) persons )
100
fluse 004 165
gN;:‘el:(xr:C:lZJ) 2 (0020 05) 23 27-832 23 (60 2-112
930
Nontoxic nodufar 004 201 0 (68 2129
gotter (n = 19} 4 (003-287) 18 (<1 7-990)
0 339 104
Toe gy omom | o 9 126-102 9 issB-129
n=
o e 025 447 122 ,
Graves Ssess 3 (003-063) 14 (11 7-55 0 P (910-198
(=
005 65 943 »
Comrglss’ s (001~0 23 58 (<1 7-219) 63 a3i1-n
(n=

2 Because of the presence

~rQ

of TgAb Tg was not measured 1n all sera
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IN RENAL ALLOGRAFT RECIPIENTS
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Dukmess E Dopor spearfic cell mediated cytotovicity aa fenal allogralt reciprents  Acta path
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The tmmunological i yitro responses of cadaser kidney transplanted patiests aganst domor spenhe
Cargel cefis Were whestigated wath the fest systems for anubody-dependent cen MAdiAled oDy
4ADCC) 4nd direst cell mediared cytotosicity {DCMO) The test systems were wsed m 5% reaprens yosy
before the travsplantation fane reciprents (17% ) had poutive donur Shrected ADCC reactinity and of
these sevea had eatly rejection episodes but this owtcome wias not sigmficantly different from e
owcome i the AUCK teganve gravp Only one recipient showed positne donor drecied DEMT
reactiviy and pad early foss of the graft 10 rejection The test syStems were furiher used to montias the
donor specific responices afier the transplantaton 1n 32 recipents Posive DOMIC resctritties were
sigruficantly correlated with chnical yejet0ns but Mot offen Pestve veactions occurted 100 late 10 be
of predicing 1alue The donor specrfic ADCC reactvily afiey transplaniaiton was fiot ¢fearly correlated
Wi reecnons Jr o5 eviclodad gva e predictive and diagnosiic values of the two tesl systems were
too weak ta justify ther use as poutne methods 1 the clislical management of the kidney transplanted
pat ent

hey words Celt methated cytotoxicity Kdney transplaniation

E Dukmens Dept 433 Bloog Bank Copenhagen City Unnerstty Hospital DN 2850 Hwvidovre
Denmark

wcepted as subepitied 7 vu 79 these tesis and 10 invesugate whether i vitro
The i1 11270 test for direct et} mediated YIOtoT  smemune responsiveness accurately refleis rejectton
¥ (DCVIT) and antibody-déependent cel] Mediated  actrvity m the renal teansplant recpienits
yiotoxicaty (ADCC) have made «t possible 10 fest
2){ donor specificic cell mehated cytototieity in
uhan semaj affotransplaniation DCMC 15 a test
for atjoreaquve cytotoric T lymphocytes (CTLY(22) MATERIALS AND METHODS
ard ADCC 15 essentially 2 very sensinveé st for  fagents 58 cadaver kidney reciptents treated at the Staco
loanibody {2) Histapathology of reyected ksdneys -
ndicates that both ceflular and humoral Immpne -
Techamsms plays 2 dec1sive vole 1n rejection 116Y Jr "
has been proposed therefore that the DCMC and
ADQC rests tught predict changes tn graft function )
Deface syreversible deterioration occuss (93 and thit

. e

:cyh might eluadate the particular pathogentc :‘:x:}‘\;“:’;;ms:;m"}?;°’;n:;$""5“” bya
pehan T racmne = T - us creatm

; L. wlearance 1 two consecunve determitaciods and, lx

payents with anuria by ExXploratory surge,
. T vy and by

10 hoth groups every attempt was made to excludy me,
—
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Fig § Long term prognosis of the pauents tested with
the ADCC cross match before transplantation.

Tests afier transplantation A total of 32 patients
wete tested for donor speaific DCMC twice weekly
during the first postoperative month Twentyone of
the patients had rejection episodes during thus period
and thurteen of these {approx 60%) bad positive
DCMC tests m relaton to these episodes The
eleven patients without Iejection episodes never had
posiive DCMC's  The correlanon between posittve
DCMC and rejection thus 1s highly sigmificant
(Table 2) However, only five of the panents had
e first posiuve DCMC test one or at most (wo
days before rejection was climcally diagnosed The
chmcal course of the patsents with rejectton episodes
accompanied by positive DCMC was not different
Trom that of patients with reection episodes without
DCMC reactivity (Table 3 and Fig 2) except for 2

TABLE 2 BCMC Tests and Rejections

—_—_————

Rejecuon No reection

_— T Tordemuen
Pos DCMC [ o
Neg DCMC [} !
————

her s exact test. p=0 0006

Transplants Functioning (%)

13 2

24
Months
Fig 2 Leng term prognosts of the patients monytored
alter the transplantation with the DCMC test No rejec
uons DCMC negauve throughout the course (A-4)
Rejecuons diagnosed chimeally but the patients were
DCMC negauve throughout the course (OO} Repec
vons accompanied by positive DCMC tests (@-@)

shghtly but not sigmficantly (p=02) greater
tendency in the former group to ureversible
rejections In the group of patients with positive
DCMC this reactivity became negative after about a
week 1n patents with reversible rejections Of the
seven patients with trreversible rejections five had

feo !
-~ 70 <
i o2
et &
E 40 02
~ 30 @
$20 5k
g1 3
g )
o o S’ v B 220 B
Anti-rejection Days after
therapy{start) transpl

Fig J Results of DCMC tests 1n a case of reversible
rejection

TABLE 3 DCMC posttive Rejections Compaired with DCMC negatne Regecuans

The day postiransplantatian
rejection was diagnosed Rejection was
medin range ireversible reversible
s DCMC 7
4-19 (N_13) 7
# DOMC 6 410 (N=®)

[3
6



causes of reduction 1n kidney function by eramupation

c?.\is used were precoated with a muluspecific human

with 1sotope y, tnt phy, pye-
lography or angtography, or a combtnation of these The
diagriosts of rejection was made indepently of the results
of DCMC and ADCC (ests Afl patients were treated
With 2 standard PP Tegimen g
of azathioprine and cor R crises were
treated with 0 5-1 0 g methylprednisolone per day for
2-3 days, foffowed by predmisone, 300 mg/day, with
gradual reduction depending on the respanse

Target cells The target cells in the tests performed
before were lymphocy by
the ficoll hypague method from a donor blood sample
taken together with the sample used for tssue typing
Target cells were labelled with Sichromuym by ncuba-
tung ly 1 X108 lymphocytes with 200 uCy
Nap’'CrOs (Kieller, Norway Spec act  100-300
pCi/ pg }in g volume of 0 5 ml RPM1 1640 supplemen-
ted with 10% heat wmactivated, pooled human serum
(RPMI.HS) for 45 minutes at 37 °C Aftes Jabelhing the
cells were washed thrice and resuspended ai the desired
concentration 1 RPMI-HS In tests after transplantation
target cells were from the donor spleen The spleen was
removed after nefrectomy, cut n smaff preces and stored
1n RPMI 1 a | 1 bottle at 4 °C over night During this
ncubation the spleen cells migrated out in the medium,
and the lymphocytes were isolated from the medium by
the ficoll hypaque method These Iymphocytes were
blast-transformed by incubaung the cells in RPM1-HS
(1 x 106 cells pr m1) for three days with PHA-P (Dufco)
at a concentratwon of | 500 v/v The blast cells were
frozen at 2 controlled rate and stored 1n hiquid nitrogen in
ahiquots of 3 x 106 blast cells 1n % m! RPMI-HS with
10% DMSO as the cryaprotective agent Labelled target
cells were prepared from thawed and thrice washed
cryopreserved cells as above

DMCM  Effector Jymphocytes were jsolated from
hepannized recipient biood by the ficoll hypague
method The cells were washed thrice and resuspended in
RPMI-HS In tests before the transplantation 2 x 108
effector cells and 5 x 104 target cefls were incubated tm a
tatal volume of 1 m! RPMI-HS 11 round bottomed tubes
for five hours at 37 °C 1n a mont atmosphere with 5%
CO2 In tests afler transplantation a mixture of 1 x 106
effector cells and | > 104 target cells 1n a totat volume of
300 pt were used After incubation the test tubes were
centrifuged and supernatant and cell pellets counted
separately in aa guto-gamma counter The S'chromum
release were expressed as the amount of $ICy refeased
¢ of the amount originally incorporated in the
s at the beginming of the expenment As
elease, the percentages of SICr refeased

were used All

percenta
target cells
spontaneows ¥
(rpnm cells incubated 1 medum alone

tests were done in triplicate
- done 1n parallel with

C The ADCC-tests were

u:eA ggMC tests and used the same effector and target
ls, but the incubation musture contained sn addiuon
ot s At serpm 10 a [inal concentration

f 20% Furthermore, 23 posstive controls the target
o

1Y

um as p described (4) ang ancybated
with the eflector cells 1n the same final cell concentra
tions The posttive contral was only performed 1n fesis
before transplantation

Calcutation of resubts Inthe DCMC test. the cytotouic
index (CI) was defined as per cent $ICr released from
target cells in mixtures with effector cells miays per cent
SICr release in medwm alone In the ADCC tevt the C1
was per cent release in muxtures with effector cells and
recipient serum minus per cent retcase 1n mavtures with
effector cells alone Tests were regarded as positne if the
CI was abave 5%

RESULTS
Tests before ple A total of 58 reciprent!
were tested ly before t lantation for

ADCC and DCMC activity agamnst freshly explan-
ted donor lymphocytes as targets In four cases the
posttive control tests (see Materials and methods)
had release values below 10% and were discarded
Positive control values of the remaining 54 patients
were approximately 30% {(median) with a range of
15% to 61% This indicates that the effector eell
activity in ADCC (K-cell actsvity) of these reciprents
was of sufficient magnitude and that the danor
target cells used were refrable The results of the
donor spectfic ADCC-tests tn these patients aré
comparred with clinical outcome 1n Table 1 Nine
(17%) of the 54 cases showed donor-specific
ADCC activity There 15 a greater tendency for early
acute rejection episodes in the group with posiive
ADCC, but this difference docs not reach statistical
significance The ADCC activities 1n the posinve
group Tanged fTom 7% 1o 419% buy these was n@
clear difference in the activities of those who
rejected compaired to those who did not reject the
kidney There s no difference in the long term
prognosts of the patients (Fig 1)

Only one of the recipients had a positive donof
directed DCMC test {bug no ADCC activity in hef
serum) and she experienced an early acute irrevers
sible rejection

TABLE | ADCC Cross Mach Tests and Early Reection’

Rejections,

Reverstble  Irreversible V0 Teiections
Pos AUDCC { ] 2
Neg ADCC 9 12 24

PP

Fischer's exact test {columns 1 2nd II grouped together)
p=009



the penipheral blood which are at the lower tmit for
detection 1 the DCMC test. This could be caused by
{1) the immunosuppressive therapy (2) the possibt

ity that the blood Ilymphocytes tested are depleted of
CIL s wh:ch might be located 1 the graft or (3) the
pathogensc CTL's mught 1n som cases have specifi

ey for determusants on the Yadney which are not
present on PHA blast (4) finally the rejection
Tuight be caused by other effector mechanisms than
those determuined by CTL. Unfortunately we are
ot able 1 the wdwidual case to distinglish
between these possibiities Smce the DCMC

posttave acute rejections were not chimcally dafferent
from the DCMC negative rejections the present
mvesugation does not indicate that the test might be
able to distinguish between pathogenctically diffe

ot rejections
When the ADCC test was ysed as a monutoring

*planations Furst the antibodies detected by this
st might not always be detrumental to the graft as
1scussed previously Second the choice of effector
ells to wse 1 the test 1s difficult Effector cell
ctvity (Kcelis) 1s reduced in immunosuppressed
eapients (5) a0d the use of the recipients own cells
s effectors might therefore cause false negative
esults On the other hand the use of third part
flctor ols mught also cause false negatve
reactiops if the anubody tn questioa by chance alse
s directed aganst the effector cell donor (4) Third
the alloantibodses which are generated 1 1mmuno-
Suppressed recipients may be of the IgM class (18)
2nd therefore unable to activate the ADCC reaction
or they mught be durected against kidney specific
anugens Fourth the Tejection might be caused by
:lher mechansms than those determuned by antubo-
es
In conclusion the predictive and duagnosuc

values of the two tests Were too Weak to Justsfy their
use as routine methods w the treatment of the
transplapted patient and at the present ume they
should mamly be constdered as tools in the research
umed at the i}

between the recipient and bis transplant "

The cnucal review of the manuscript by Dr
4 Svejgaard 15 gratefully acknowledged This work has
been supported by grant 1o 512 8132 from the Danmsk
Med cal Research Council
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Fig 4 Results of DCMC tests 1n a case of wreversible
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coptinuaus posttive DCMC's unty) after the grafiee-
tomy Figs 3 and 4 ylustrate these points

Eleven patients were also monntored for donor
directed ADCC activity Five of the patients bad np
rejechions, but two of these had several positive
tests OF the six pattents with seyections, only four
had positive ADCC tests a comunclion With
reection, but five had positive DCMC reaction One
developed ADCC reactivity in a quiet phase after
the rejection was reversed and one developed ADCT
reactivity after graftectomy Thus ADCC activity
was not strongly correlated with active rejection

DISCUSSION

The ADCC and the DCMC tests have been used as
pretransplant cross match tests and as monttoring
tosts &ffer draanplanianen e the present amreskge-
tion
The importance of pretransplant cross match
tests has been well established after 1t was showyn
that i dependent d
1n recipient serum af tr usually resul
ted tn hyperacute reyecuons 13 However, there i
evidence to suggest that some early acute rejectiony
are connected with the oceurrence of donor spewfic
antibodies which ar¢ 100 weak to be detected 1n the
dependent cy CoC) test (14
19) Furthermore, ceflufar ﬁfrs;nsmzz;;mn‘;s n:;
ed & homoral state
ecessany refesied Y y cfoss match

s suppl
° ty warranted In accordance with the
}z;s i;;;gc kfnycc 15 a very senstawe test for
aliaspubodies (4) severdl mvestigators haxe found
that an appreciable number of rements (10-20%)
with a pegative CDC cross match 1 f2ct have 4
gositive ADCC cross mawch However, there rarc
differences 1 opuion 2510 {ha predictive value of aa

174

uolated posiive ADCC cross match Thus some
investigators have found a sigmificant correlauon
betweent positve ADCC cross match tests and exrly
transplant failures {11, 20, 2)), whereas otter 4y
not find a correlaton (12, 15) In the presen
Investigation seven out of nine With an ssolated
posinve ADCC cross maich had esrly acwe
but this was not ficangy
different from the outcome 1n the ADCC négative
group The ADCC techmque may m some cases
detect anubody with specificity for antigens exclus;
vely presented by donor B lymphocytes and such
antibodies do not seem o cause early acyte
rejections (6} Furthermore, 1t 1s not known if the i
vivo counterpart of the ADCC reaction on its own s
sufficient to cause climeally evident rejections, and
the telationstup batween a positve in vitro activity
and a subsequent rejection might very well be of'an
wndtrect pature In the present mvestigation four
reciprents with positive ADOC cross matches couid
be monttored after transplantation, and i fact three
had positive DCMC tests 1n relation to thar
rejections On the other hand, 1t 15 clear that many
early acute rejections are not preceded by a positive
ADCC cross match Al together, this makes
nterpretation of any single ADCC cross match test
fess certain
A positive PCMC cross match has been correly
ted with poor graft outcome (8, 15) This was #lsp
seen 1 the present mvestgation However, it has
been shown 1 amumal experiments (1) and also 1
man (3, that direet cytotoxic T-fymphocytes (CTL)
can only be detected for a short perod afte
alloimmunization, although memory-CTL s clrtla.
tes for & long time (1) Thus 1t 15 to be expected, that
e DEME te5t 55 2 loss approprane 1653 for seliular
presensitization uniess the recipient yecently tag
received a blood transfusion
During the postoperative penod there was a glear
corresation between DCMC acuvity and rejection
Thus has been seen 1n several other studies (7, 10
17} and thus indicates that CTL s plays a pathogenic
tole \n many early rejections However as in the
majonity of the other studies, the posttransplant
monoring by DCMC had two shoricomings i the
present investigation Fust DCMC reachinity was 2
tate event mast aften detected erther at the same
ume or shortly after the rejection was lmycally
evident Second, several clearcut rejections wert
seen in spite of neganve DCMC reachions throug:
hout the course The strength of the DCMC reaction
when 1t was present was quite low {Cl s of 6-20%)
compared with the reactvity which can be seen
when normal individuals are immunized (3
Together this indicates, that OVert acute rejecuions
normally proceeds with concgntrations of CTLs i




the pecipheral blood which are at the lower himt for
detection o the DCMC test This eould be caused by
(1) the immunosuppressive therapy, (2) the possiby
iy that the blood lymphocytes tested are depleted of
CTLs which mght be located i the graft or {3 the
pathogerue CTLs mght 1 som cases have speaifi
aty for determunants oa the kidney which aré not
preeet on PHA blast (4) finally the rejecuon
might be caused by other effector mechamsms than
thost determined by CTL. Unfortunately we are
fot able i the individual case to distnguish
beween these possibibies Swnce the DOMC
posttive acute rejecuons were not liucally different
Trom the DCMC pegative rejecuions the present
mveshganon does not indicate that the test mght be
ble to disungussh berween pathogeneucally diffe
Tent rejecuons.

When the AT ar - a
apinanons Fisst the anubodies detected by this
test might not always be detrimental to the graft as
distussed previously Second the choree of effector
lls 10 use 1 the test 15 difficult  Effector cell
acuvity {kcells) 15 reduced 1n smmunosuppressed
Teapients () and the use of the fecipients own cells
2 elfectors might therefore cause false negative
Tesilis On the other hand the use of thurd part
effetior cells mught also cause false negative
Teactions 1f the antbody 1n question by chance also
s directed against the effector cell donor (4) Third
the alioantibodies which are generated m immuno-
Suppressed recipients may be of the IgM class (18)
and therefore unable to activate the ADCC reaction
o5 ey mught be aurected aganst kidney-specific
antigens Fourth the rejection mught be caused by
ﬁ\:r mechanisms than those determined by antibo

0 conclusion the predictive and dhagnostic
‘values of the two tests were too weak to Justfy therr
S & outine methods i the treatment of the
uafstlanted panent and ar the present time they
should masnly be considered as tools 1n the research
amed at elucid; the &

betieen the recipient and s transplant
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INCREASED SERUM IgE IN HODGKIN'S DISEASE
IS OF POLYCLONAL ORIGIN

TOMNE QSTBERG LANDAAS! ©IVIND GRIMMER? HANS ERIK HEIER?
and TORE GODAL!

| Department of Pathology MNorsk Hydros Institute for Cancer Research \ontcbetfo Oslo 3 Norway
2Bjoanalytcat Department. Nyegaard et co A/S Nycovn 2 Osto 4

Landaas T @ Grummer © Heier H E & Godal T Tncreased serum IgE in Hodglins disease 15 of
polyclonal ongin Acta path microbiol scand Sect C &7 377-380 1979

The fight charn type of serum IgE from 4 untreated patients with Hodgkins disease with elevated ISE
Tevels was srudied by an smmurioadsorbent technique Serum IgE was found to contain both kappa and
fambda [ ghy charns 1n all cases studied In additon an association betw éen serum levels of IgE and that
of 1gA 3G and IgM was demonstrated These findings make 1t unlikely that increased serum 2E n
Hodgkin's disease 15 of monoclonal origin and support the view that serum IgE in such pauents reflects

2 genenal d sturbance in the fegulation of their humoral immune fesponse

Key words Hodglins disease serum 1gE

T © Landaas Department of Pathology Norsk Hydro s Tnstitute for Cancer Research Montebello Oslo

3 Norway

Reeved 2379 Accepted 16 vn 79

The pathogenesis of Hodgkins disease remains
‘;l’ﬂ‘y understood Although Hodgkin and Reed
ternberg culls are regularfy found they are usually
taremely scarce while and often

mcreased 1gE 1 Hodgkins disease 1s due to an
expanded possibly neoplastically altered clone of
1gE producing B cells we have studied the light
chain composition of serum IgE 1n these patients by

ilammatory cells predomumate Moreover  the
Orein of the Hodgkan cell 1tself 1 not clear Such
Eﬂs have been found to contam potyclonal IsG 1e
.VQJEG contains both x - and A light chamns

Men cells may be of macrophage onigin
T smce these cells do nerther resemble
Mactophages morphologically 2 5) nor cytochem

3543 6 19 herr derpvat
1on at t! ns
g n at thes point reman
Among the

bent

PATIENTS AND METHODS

Patients

Blood from 66 untreated patients with Hodgkins
disease was obtamned from the Norwegan Radium
Hospital Sera from four of the patients with elevated
serum IgE were tested furiher by the immunoadsorbent
techmque Upon direct questioning these patients dened
previous atoptc symptoms  In additon they had no
reaction to lymphangiography There were no chincal or

aberra
‘:r:s lc“und 1 Hodgian s disease are high leyels of
rem RE of <ome pateents (1 13 15 20 41
1 .
! .

{

evidence that any of these patents were
suffering from parassic mfections Neither did the
examnauon of thelr sera ysing a hattery of 8 allergens
(RAST) give any evidence for atopy

Normal Sera
Sera from 35 healthy blood donors were used as

nrmal emntrale
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TABLE |

Totat Serum IE and IgE in Eluates from Aate < and Aat X and Control Immunoadsorbent

Columns (U mif

Toal  naoseanux  SepharoseaniA pe e Control
Patentno  serum = fzE/A = RE/x - REine gEfx

e

1387 11431-1503)

PR 1932 579 € 430- 631 1037 9831091 (73
TN 2338 552 ( 519~ 585) 433 € 430- 536) 343 1279 (IZJ!—I)I(:]
cxn 4314 1471 {1333-1608) 2262 (20332431 T3 3514 (1836-3852)
TH 5083 1262 (1169-1355) 1610 11533-1638) 143 1283

* Normal fange Serum I2E < 100 U/mi
® Duplicate TgE valyes desermined hy RIST

Tughest value m the normal control group Sera
from 4 of these were exammned by immunoadsor

bent columns The values for IgE/x and [2E/A n
the sfuates are sunmarized 1 Table 1 which also
shows the tota amounts of IgE 1n these sera

Table 1 shows that the total amounts of IgE
passed through the ant hght chan columns were
about the same as m the eluate from the contro}
tolymn The IgE/A  IgE/« ratio showed some
varanon from one serum to another (gk/x
BBE/A 17 31034 3) but alf sera appeared to
contain both JgE/x and IgE/x wathim the range
found for potyclonal serum IgG (16)

The amounts of 1gG IgA and IgM were
esumated 1n Hodgkin sera with low IgE (< 1D U/
ml)and high IgE (>400 U/m) vatues The results
are shown in Table 2 The group with hugh levels of
LE also had signsficartly hgher conventration of

180 12N and IpA Howover ewoept RG the
concentrations of these latter smmunoglobulins
were stll withm the normal range

DISCUSSION

The nature and orgin of the neoplastic process 1n
Hodgkin $ disease sull teman obscure The prooess
appears 10 be inumately hnked with the Hodgkin
2nd Reed Sternberg cells but the origin of these
celis remains uncertam Such cells have been shown
by 2 number of Investigators to contam immunoglo-
bubntd 9 18) suggesting that they could origmate
from B lymphocytes However several authors (7
8 11 19) have reported that the IgG m these cells s
ot monecional and thus 1t 15 unclear whether the

TABLE 2 Levels of Serum fimmunoglobuting in Sera from Patsents with Unireated Hodgkin s Disease Classifed into
Those with IgE < 10 U/mt and IE > 400 Ulm!

Serum Group Nurmher 16 (ing/ 100 m1) IgA (mg/ 100 m]) 1gM (mg/100 mn
Meam=sd Range Mean®sd Range Neanzsd Range
BE<10U/m 5' 14362128 1342~1617
| 206 56 170-287 87216 62-103
ISgE> 400 U/ml T 18332282 1595-2200 3502106 222-505 16766 93-270
tudeng s ttest p<00I p<0025 P < 00125

*Age 2663 years (5 with podular schlesosis and 2 with muxed cellufansy

. }instage I 3 n stage 11 and 1 1o stage 1V)
Age 35-54years (3 with nodular sclerosis § nath tymphocyte predominance
and 1 with lymphocyte depletion 21 stage IT

3instage [Tl and 2 1n stage [V)

Normat values 1eG
tgA

AN

800-1800 e/ 10Q i

90— 450 mg/100 m1

ALl 60~ 250 mg/100 mi
F 70~ 280 mg/100 mt



Intmunological Reagents

Rabhit ants human x hght chain (code no 10 9K2)
rabbit anti human A hight chain (code no 10 91.2) and
the mmunoglobulin fraction from a non tmmunized
rabhit (normal rabbit immunoglobulin code no X901)
were obtained from Dakopatts {Copenhagen)

Immunoadsorbent Columns

Rabbit anti human « light chain A Ight chan and
normal rabbit tmmunoglobulin the Jast one as a negative
control  were nsolubilized by coupling to CNBr
activated Sepharose 4B (Pharmacia Fine Chemcals
Uppsata Sweden} The detailed procedure for coupling
protein to CNBr activated Sepharose 4B 1s decribed 1n
the booklet »Affinity Chromatography « {Pharmacya Fine
Chemicals Uppsala (12)) Immunoglobulins with exther
x or X type of light chains were adsorhed from serum as
follows Parallel samples of 50 ul serum from each
patient were eluated through columns with erther
nsolubilized ant k anti A or hormal rabbit immunogto
bulin by 0 05 M NH4 HCO3 pH 8 0 The cluates from
the antt light chain columns consisted of serum without
immunoglobuling of the selected light chain type from
the control column of unaltered serum These were
consentrated to a fixed volume for I¢E determnation by
freeze drying and solubilizing m the efuaung buffer

Test of Column Capacity

The volumes of antibody reagent which were coupled
to Sepharose particles were based on the anubody
capacity {1 7 ml Dakotiter) With regard to the control
the same protetn amount as for antt light chains (20 mg)
was used Preliminary experiments were performed to
find out If this was sulficient to remove 1gE/x or IgE/A
respectively from SO pl serum 5D pl serum from a
normal control with a relatvely high [gE content — 482
U/m! (RIST) dctermined after freeze drymng and
solubihization -~ was passed through an anti « and anti &
column successively Afier passing through both co
Jumns the protemn eluate was freeze dned and solubul
zed and the IZE content determined to he 10 U/mi
(RIST} Therefore approximately att gl was removed by
passing through the anu « and ant A cofumns

IgE Determinations
Phadebas IgE PRIST ® was used in the determnation

of IgE concentration 1n untreated sera from patients with
Hodgkins disease and normal controls while RIST
Phadebas® 1gE Test was used in (reeze dried and
solubhized eluates and sera The antt {gF used was D, 2
specific and the analyses were performed according to
the producer (Pharmacia AB Uppsala Sweden)

IgE Antibody Tests
S”t’s?gc yfcrc tested for IgE actvity agamnst timothy

d mold fungus
ugwort daisy mite cat an
(ag::;o‘s’::r}:uzl g!vy whe Phadebas® Radoallergosorbent
Test (RAST Pharmacia AB Uppsala Sweden) This
was performed as deseribed by the producer

716G JgM and JgA

Serunt
Quantisanon of 20 i smmunoglobuling was

The concentration ol

318

determuned by the stngle radsal immunodiffusion techm
que using Tri partigen plates {code no OTDS 03 OTQT
03 and OTDU 03 Behringwerhe Marburg Germany)
and standard solutions of 18G 1gM and Ig\ {code no
OTRA 07 OTRB 07 and OTRC 07 Behringwerke
Marburg  Germany) Each serum was assayed
duplicate

RESULTS

Fig 1 shows the IgE levels in sera from 66 patents
with Hodgkins disease and 35 normal controls
Clearly 5 of the Hodgkin sera had markedly
increased IgE values 1€ more than twice the

A
IgE
Ja
1500 .
.
.
1000 *
500 .
. H
: :
4 H
100, . ':.
Nc HD

Fig 1 1gE levels 1n sera from untreated rauents with
Hodgkn s disease (H D) and nort
determined by PRIST
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IN VITRO INFLUENCE OF ENDOTOXIN ON HUMAN
MONONUCLEAR
PHAGOCYTE STRUCTURE AND FUNCTION

1 Depression of Protein Synthesis Phagocytosis of Candida albicans and Induction of
Cytostaue Actnity

JENS HAMMERSTROM and GEIRMUND UNSGAARD

University of Trondherm Department of Meditine Section for Haematology and Vmmunology
Trondheim Norway

Hammers rora J & Unsgaard G /a witro influence of endotoxin on human mononuclear phagocyle
structure and funcuon | Depression of protein synthesis phagocytosis of Candida aibicans and
tnduction of cytostaic actvity Acta path mcrobiol scand Sect (. 87 381-389 1979

The effect of £ coif endotoxin (LPS) on human monocytes and pentoneal macrophages (PEC) during in
vitra dilferentiation was studied Short term (< 24 hours) exposure (0 LPS in concentrations up to 50
pe/ml did not affect monacyte survival or S'Cr release but concentrations of 10 pe/mi or more
reduced monocyte survival when LPS exposure was prolonged to 72 b Undifferentiated monocytes
seemed to be more sensitive 1o this effect Monocyte and PEC protein syathes:s was reduced by non
tone LPS in both T and cells LPS cxposure seduced
onocyte ingestion and degradation of '] labelled Candida albscans dependent on ume and dosage
The inducnion of monocyte and PEC meduated cylostatic actvity to tumour cells induced by prolonged
in vitro culture was also ymoared by LPS The marphalogical alteratrons induced tn monanuclear
Pphagocytes by LES included a changed distribution of cells 1n the monolayer changes in membrane

structure and apparent reducuon of lysosomes LPS thus interferes adversely With several aspects of
human mononuclear phagocyte in vitro Qifferentiation

Key words Monocytes macrophages endofoun cytostasis protemn synthests Phagocytoss
Jens Hammerstrom Trondheim Regionat Hosputal Dept of Medicine N 7000 Trondheim Nogway
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Tt has been reported that cell wal) ipopolysaccha P

ndes from gram negauve bacteria exert a vanety of

effects on immunological effector cells Focusing on

menonuclear  phagocytss twe mam bodies of
seemingly contradictory evidence can be tiscerned
S

or «in wiro
effects of LPS on mononuclear phagocytes have
been reported in terms of cell sz and spreading
(17} synthesis of lysosomal enzymes {7 17 23
content of cell proten (5} phagocytosis (2 17)
pmocytosts {2 5) growth of mononuclear phago-
cyte cxll hines 118) and cytotoricnty (o tumour cells

20 24) Lhe toxic effects have been reported in the
same concentration range (pg/mi) as the sumula
ung effects and mononuclear phagocytes have even
beent regarded as especally prone to LPS toucty
{13} Moreaver reports of LPS effects on macro
phage function espectally as regards macrophage
niediated cytotoxicity to other cells ofien concen
trate only on one aspect of macrophage function
thereby leaving the apparent contradienion of 19S
stumulation and toxicity unsolved In addition most



cells are denved from the B cell lmeage or the
macrophage cell lineage

Some patients with Hodgkins disease appear 10
have exceptionally high levels of IgE i their sergm
(1, 13, 15, 20, 21) This immunoglobulin could be
produced from a neoplastic clone of B lymphacytes
Our investgation, however, clearly showed that the
elevated IgE 1n sera from patents with Hodgkin s
disease contairied both « and A light chamns Their
IgE therefore apparently anses from more than one
clone of IgE producing B cells

In some patients the high IgE concentration 1§
assocrated with allergic manifestations (1, 21) put
in the majority nesther atopy (1) nor parasite
fection (21) can explam their high levels of IgE

There have been several reports (I3 20 21}
suggesting that increased Jevels of IgE may reflect 2
defers 1 the sepuiatory T t2) funthion m Hodgkn s
disease This view 1s supported by the findings of
others (15} which demonstrated a correlation
between high serum IgE and impaired cell mediated
immumity tn patients with Hodgkin s disease

Our results show that the elevated serum IgE 10
these patients 1s of polyclonal origin Moreover an
association was found between IgE levels and other
immunoglobulin levels This further suggests that
there may be a more general disturbance mn the

) of the h 1 system at Jeast

in same patients with Hodgkin s disease

Tore Godal 1s a research fellow of the Norwegian Cancef
Society Grethe Nyquist Brehke assisted in preparing the
manuscript The Phadebas® IZE Test kits and the
Phadebas RAST kis were kindly given to us by
Pharmacia AB (Uppsala Sweeden)
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The effect of £ colt endotoxin (LPS) on human monocytes and penftoneal macrophages (PEC) duning
Vitro @iTerentiation was studied Short term (< 24 hours) exposure to LPS 1 concentrations up to 50
pg/ml did ot affect monocyte survival or SICr release but concentrauions of 10 pg/mi or more
Teduced monocyte survival when LPS €xposure was profonged 1o 72 h Undifferentiated monocytes

seemed to be more sensiuve to this effect Monocyte and PEC protemn synthesis was reduced by non

toxe LPS n both

bo
monocyte ingestion and degradation of 1291 abelied
The induction of monocyte and PEC mediated Cytostatic activity (o tumour
Togical ak

in vitrg culture was also impaired by LPS The

phagacytes by LPS tncluded a changed distribution of

cells LPS exposure reduced

and
Candida afbicans dependent on time and dosage

cells induced by prolonged

P mduced 1
cells 1n the monolayer changes 1n membrane

structure and apparent reduction of lysosomes LPS thus interferes adversely with several aspects of
human mononuciear phagocyte tn virro differentiation

Key words Monocytes macrophages endotoxin ¢ytosiasis protemn synthesis phagocytosis
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It has been reported that celf wall | 1 ha

(see 12 for ref') On the other hand cytotoxic effe

nides from gram negative bacteria exert 2 variety of
effects on tmmunological effector cells Focusing on
mononuclear phagocytes two maw bodies of
seemungly contradictory evidence can be discerned

h: or in vitro
effects of LPS on mononuclear phagocytes have
been reported tn terms of cell size and spreading
(I7) synthesss of lysosomal enzymes (7 17 23)
content of cell proten (5) phagocytoss (2 m
p 2 5} growth of phago-
cyte cell limes (18) and cytotoxiaty to tumour eells

of LPS on were 2 peot
nent feature especially m earlter reports (8 13

20 24) The tovic effects have been reported 1in

same concentration range {pg/ml) 25 the surm
tng effects and mononuclear phagocytes have e
been regasded as especially prone to LPS toxu
(13) Moreover repons of LPS effects on mac
phage function especually as regards macroph:
mediated Cytotoxicity to other cells often conc
raie ondy on one aspect of macrophage funct
thereby leaving the apparent contradicuon of |
sumvlation and toxiaity unsolved In addison n



of the papers cited concern murine mononuclear
phagocytes In this and the following paper (12) we
have attempted to extend some of the observations
made 1n animal systems to the human mononuclear
phagocyte combining several assays mn an attempt
to correlate enhancing and adverse effects of LPS 1n
the same completely human m viro system

MATERIALS AND METHODS

Human monocy tes were separated from venous blood of

healthy adults by Ficoll/Isopaque centrifugation and

plasuc adherence as described mn (9) The monocytes

were cultured 1n 24 well tissue culture plates (Costar

3524 Costar Cambridge Mass USA well © 16 mm)
\

a2 ctac f0a ae 2804 0

ed human AB Rh+ serum 0 1 mM | glutamine and 40
pg gentamicin per ml {HS M) The medium (0 5 ml 1n
small wells | 0 mimn dishes) was changed after one four
and eight days The monocyte purity of the monolayers
was > 90% at culture start ~ 95% on day 4 and ~
99% on day 8 {10) contaminaung cells betng almost
exclusively lymphocytes after the first 24 hours of
culture

Human peritoneal exudate cells (PEC) were separated
from the sterile peritoneal exudate of a 60 year old
woman tn regular peritoneal dialysts The donor and the
separation procedure have been described previously (9)
The PEC (90% macrophages at culture start) were
cultured tn 24 well plates as described for monocytes

Endotoxin (LPS) treatment Lyophilized LPS from £
colt serotype 026 B6 or 0128 B12 (Westphal phenol

water extracted Sigma Chem Co St Lows USA}was
AALEREN 1 aad Lantat =20 OC

medium was aspirated after shaking of the plate ana
1PS 1n 05 or 10 ml fresh HS M was added In the
experiment shown 1 Fig 4A LPS diluted to six imes
the desired concentration was added in 0 1 mI HS M to
the 0 § ml already present in the well in order to avoid
interfering effects of medium replacement £ coft 026 B6
LPS was used unless otherwise stated

a « nhaoncvtec were

otographed USIng a MILTO Ludll ve “

(‘;&;&);’ha pghasz contrast microscope (Leitz Laborlut)

equipped with automatic photographic equipment (Lenz

Orthomat) Some cultures were fixed in methano! and

stamed with May Grunwald Giemsa (MGG) before
a

at

{ with 1V pr 1 ve
with fresh HS M Jmimol) The medium was with

Spact 10Cs
yr:‘:::ﬁef a 4 hour ncorporation peniod and the cells
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were harvested by hypotoruc lysis and processed for
liquid scinttllation counting as described 1n (9) 1

Celt counts 1n monolayer culture were performed by
counting plastic attached cells 1n an nveried phase
contrast microscope (X 400) Ten random visual fields
were Counted per 35 mm dish To estimate viability 200 3
plof 004% trypan blue 1n 0 015 M NaCl was added to
monofayers 1n 16 mm wells and three visual fields 1n
deterrined areas of the well were counted enumerating
total cell count and percentage of cells takeng up trypan
blue As uptake of trypan blue sncreased with tme
counting was performed between | and 6 minutes after
the addition of trypan blue In some experiments nucles
of adherent cells were counted 1n an automatic particle 3
counter (Coulter Model Fn) by lysing the adherent cells
with 0 I M sodium citrate after removal of non adherent
cells by two washes with HS M

Assay for LPS toxicuty on monocytes Monocyte
morolayers were labelled with SICr {kjeller Norway
Sp act 16667 mCi/mg) by tncubating 4 day-old
cultures with HS M contamning 100 pCi 3ICr/m! for 2
hours followed by two washes with Hanks batanced
salt sofutton (HBSS} The monocytes were then incubated
for 7 hours with or without LPS Supernatant and
adherent cell radioactivity were determined separately m
a Packard gamma radiaton counter by lysing the
adherent celfs with 0 5% sodium dodecy! sulphate (SDS!
after withdrawal of the supernatant The results are
expressed as percentage release

cpm supernatant
Total releasable cpm

x 100

Total releasable cpm 1s the mean of (cpm supernatant +
cpm SDS) of all wells in the etperiment Spontaneous
release was ~ 2 2% per hour

Phagocytosts and digestion of Candida albicans were
assayed by a modificatton of the method described by
Viken & Odegaard (22) As monocytes adhere better 1o
plastic surfaces than to glass (15} the assay was
performed on monocytes n 16 mm wells without
coverchips '2] tabelled Candida alb cans was added 10
monocytes cultured for four days by replacing the
medium with 0 3 mt of fresh HS M with 3 33x 108
Candida particles per mt Ingestion was allowed for a 15
minute pertod and extracellular particles were then
removed by three washes with HBSS One half m! of
fresh HS M with or without LPS was added and the
d gestion of ingested parucles was allowed to proceed for
24 hours The cultures were harvested by adding 0 5 m!
of HBSS to all wells and then transferning the
supernatants to test tubes which were centrifuged for 10
min at 2000 G The cells were harvested by hypoton:c
iysis for 10 mun followed by vigorous prpetung
Radioactivity was determined separately in the cell free
supernatant the sediment of detached cells and the
adherent cell lysate by gamma radiation counting

Total ingestion per culture was calcutated as

(cpm adherent cells + cpm supernstant + cpm sedsment)



Digestion capacity was calculated 25 p
gested 151 released to the supernatant during the
geston penod

cpm superpatant
smadherent cells + cpm supernatant + cpm sediment)

Undigested ntraceliular Candida was calculated as
eentage of ngested 1251 found 10 the adherent cell
te

cpm adherent celis

of  with asp of In target
cells cultured alone
{cpm NHIK 3025 + monocytes} x 100

{cpm NHIK 3025)

Monocyte 7 TdR imcofporation was gnored m the
clculations since this did not exered 3% of the
INCOTPOTation n target oclh cottrots Target eell *H TUR
Incorporation 1n the control cultures was 173666 =
12932 cpm (mean = SEM of all expeniments)

Stanisiics Results given are mean = SEM of n

cpm adherent cells + cpm supernaiant + cpm sediment

Cell detachment was calculated as percentage of
ngesied 121 found as undigested parucles i dead
etached cells
cpm sedigent
pm adherent cells + cpm supernatant + cpm sediment

Fotal mgestion per cufture was 22614 = 3580 cpm
n=35

Assay for monocy te mediated cyostasis was perfor
med as described previously (21) Briefly 103 cells of the
human rumour-dertved cell hine NHIK 3025 i exponen

tial growth were added to monocyte monolayers (3§ mm
dichoc) = € ot TIE v e .

und porauon of radioactiviy 1n

target cells cultured

performed 1 tnplicate (16 mm wells) or
duphcate (35 mm dishes) P vatues were obtaned by
Walcoton s signed rank test for pawred samples

RESULTS

Toxicryy Studies on Human Monoc les

Relatively short term incubation {7 hours}
LPS m concentrations up to 50 pg/ml did not
increase SICr release from 4-day-old monocytes
(Table 1) nor did it induce leakage of the
cytoplasmuc enzyme LDH (data not shown) Adhe
rent cell counts after 24 hour exposure to the same
concentration range did not decrease whether
examined by visual counting of live cells or by
automatic counting of adherent cell nucle: (Table 1}
Trypan blue exclusion was not affected by 24 hour
exposure of concentratsons up to 50 pg/ml

Adherent cell counts after 72 hour exposure to
LPS concentratons up to 1 pg/m! also remained

TABLE | Lack of Influence of Short term Exposure to LPS on Monocyte Sunival and SICr release

LPS concentration “Numbers of adherent 5% release of 5ICr X ot adherent
vg/mi cells/well x 10 3 from monocytes ﬁﬁ;k’:,g‘,:p
[ 158010 170219
18210
g?l 1572006 171235 09208
0 1642002 185227 22210
o 1522012 198231 10205
s 1522013 173218 1508
1522011 196212 16204
Monocytes were - tm < .
2 Cultures u . -
fucles cou . : ’ ’
b Monocytes wueuen with ? Lr on da
¥ 3 of culture were exposed to LFS f
o for 7 hours befare hary
“,a,.“i“é‘é‘ \v{lere tncubated for 24 bours with LPS before assay n ~ 3 e 2

383



TABLE 2 Influence of Long-term Exposure 10 LPS on Monocyte Suninal

Les con;en]lrauon LpPs Number of monocytes per culture
pg/m préparation as % contro! without LPS
Day 4 Day It
) 001 026 B6 (W) 1030+ 78 951 22
01 026 B6 (W} 10522102 917 31
1 026 B6 (W) 952% 78 9532 57
50 026 B6 (W) 43
2 5+ 59 570+ 41
50 0128 B8 (W) 374 20 5962108

Monocytes cultured with LPS for 72 hours before assay Mean £ SEM

1 Visual counting 1n 35 mm dishes n = 6

2 Automatic counting of adherent cell nuclei in 16 mm wells n=2

unchanged (Table 2), but a reduction n the number
of cells and an obvious detachment of monocytes
were noted at 10 pg/ml and higher concentrations
after this long-term exposure On account of the
reduced survival found at concentrations > 1 ypg/
ml with long-term exposure, this concentration was
chosen as the upper It for the rest of the
experiments

Effect of LPS on PEC and Monocyte Morphology

Effect of LPS on Monogte Phagocytosis of "'
labelled Candida albicans

This effect was exammed by three different
protocols, since the time of LPS addition has been
shown to be important for the effect produced {12
19) Preincubation with LPS before challenge with
Candida reduced the number of particles mgested in
a time dependent manner (Fig 4A) The digestion
capacity was also reduced, and the amount of
undigested Candida 1n adherent cells and the cell
detach after phagocytosis increased shghtly

Incubation in LPS induced pre morpho-
logseal changes n the mononuclear phagocyte
cultures, beginning a few hours after the addtion of

(Fig 4A) These effects were also dose-dependent as
can be seen i Fig 4B, where the cells were
bated for a fixed time (24 hours) in varying

LPS In monocyte cultures cy b
contraction was the most conspicuous feature,
many cells assuming spindle shape (Fig 12 and b}

In the PEC cultures, the cells accumulated 1n
clusters clearly visible with the naked eye (Fig lc
and d) The single cell showed contraction of the
peripheral cytoplasmic vell which became greatly
ruffled, with numerous thin needlelike membrane
progections and blebs (Fig 1d and e} The number of
pertnuclear ly 1 seemed 1o h
1n LPS treated cells both 1n PEC (Fig 1d and ¢) and

1n monocyte cultures

Effect of LPS on Mononuclear Phagocyte Protemn
Synthesis
Premncubation with LPS reduced mo:onuclenr
dose dependent
hagocyte proten synthesis m 2
fnanner, both 1n monocytes and PEC (Fig 2and 3)
The relative reduction was greatest 1n differentiated

cells, where the protein synthesis is more intense

doses of LPS To enhance monocyte mediated
cytostass and cytolyss of target cells, LPS must be
present during the assay (12) LPS present during
the digestion period did not produce any enhance-
ment of the breakdown of tngested Candida (Fig
4C) On the contrary, a trend towards reduction of
digestion capacity and increase 1n retamed intracel-
Iular 1sotope was observed

fated

Effect of LFS Pr b on Monogy 1

Cytostasis
The cytostatic activity of human monocytes

induced by n wtro culiure 1n HS M (21) was
reduced by 72-hour preincubation in LPS, the target
cells escaping the cytostatc fluence of the
monocytes th a dose-dependent manner when the
monocytes had been exposed to LPS before the
assay (Fig $) It should be noted that no LPS was
present during the monocyte/target cell interaction

Fig 1 Firstron Control (a)or LPS
treated (d) PEC Live cells X 100
\ncubated with LPS 1 pg/ml for 72 ho
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TABLE 2 Influence of Long-term Exposure to LPS on Monocyte Survnal

LPS concentration LPS

Number of monocytes per culture

pe/mi preparation as % control without LPS
Day 4 Day I1
. 001 026 B6 (W) 1030+ 78 951 22
01 026 B6 (W) 1052+102 917+ 31
1 026 B6 (W) 952% 78 953z 57
50 026 B6 (W) 43
2 5= 59 570+ 41
50 0128 B8 (W) 374 20 596+108

Monocytes cultured with LPS for 72 hours before assay Mean = SEM

1 Visual counting 1n 35 mm dishes n = 6

2 Automattc counting of adherent cell nucler in 16 mm wells n = 2

unchanged (Table 2), but a reduction i the number
of cells and an obvious detachment of monocytes
were noted at 10 pg/ml and higher concentrations
after this long-term exposure On account of the
reduced survival found at concentrations > 1 pg/
ml with long-term exposure, this concentration was
chosen as the upper Limit for the rest of the
experiments

Effect of LPS on PEC and Monocyte Morphology
Incubation 1n LPS induced pronounced morpho-

logical changes 1n the mononuclear phagocyte

cultures, beginning 2 few hours after the addrtton of

Effect of LPS on Monocyte Phagocylosis of 151

labelled Candida albicans

This effect was exanuned by three different
protocols, since the time of LPS addion has been
shown to be important for the effect produced (12,
19) Premncubation with LPS before challenge with
Candida reduced the number of particles mgested in
2 time-dependent manner (Fig 4A) The digeson
capacity was also reduced, and the amount of
undigested Candida in adherent cells and the cell
detachment after phagocytosis mcreased shghtly
(Fig 4A) These effects were also dose-dependent, as
can be seen in Fig 4B, where the cells were
d for a fixed time (24 hours) in varying

LPS In monocyte cultures, cytop
contraction was the most conspicuous feature,
many cells assuming spindle-shape (Fig la and b)
In the PEC cultures, the cells accumulated 1n
clusters clearly visible with the maked eye (Fig lc
and d) The single cell showed contraction of the
peripheral cytoplasmic veil, which became greatly
ruffled, with numerous thin neediehike membrane
«t LafEa 1d and &) The number of

ush

and

1n monocyte cultures

Effect of LPS on Mononuclear Phagooytc Protetn
Synthesis

Premncubation with LPS mduc«:i mo(r;onu;lcar
hagocyte protein synthesis in a dose-dependent
ot ocytes and PEC (Fig 2and 3)

manner, both 1n mon
X on was greatest 12 differentiated

The relative reduct
tein synthess 15 MOTe Imense

cells, where the prof

Fig 1 Firstrow Control (a) of LPE
treated (d) PEC Live cells x 100
incubated with LPS 1 pg/mi for 72 hours

104

before photography Willh pudst-cis vy
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doses of LPS To enhance raenocyte-medrated
cytostasis and cytolysis of target cells, LPS must be
present during the assay (12) LPS present duning
the digestion pertod did not produce any enhance-
ment of the breakdown of ingested Candida {Fig
4C) On the contrary, a trend towards reduction of
digestion capacity and increase 1n retamed intracel-
lular 1sotope was observed

Effect of LPS Prencubation on Monoc te-mediated
Cytostasis

The cytostatic actvity of
induced by m vitro culture
reduced by 72-hour premcuba
cells escaping the cytos
monocytes 1n a dose-deper
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assay (Fig 5) It should be noted
present during the monocyte/target cell interact
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Fg 4 Influence of LPS on monocyte phagocytosis and digestion of 1251 labelted Candida afbicans added on day 4 of
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B Dose resporise curve of premcubation with LPS for 24 hours before addion of Candida

€ Dose response curve of incubation with LPS duting the digestion period LS added immediately after ingestion of

Cand da on day 4 of monocyte culture

Points 1nd cated by * differed sigmficantly {p < 0 05) from control without LPS in five experiments

buman AB serum Sigmfiant (p < 0031
epression of protem synthesis cytostatic activity
2nd Candida imgestion and digestion of a magm
ude similar to that described with untreated serum

was sull produced by LPS premcubaton (data not
shown)

DISCUSSION
1PS toxicity o munne from LPS

such short term toxic effects on human cells
Experiments with one of the LPS preparauons
shown to be effecuve 1n the mouse (£ ot
0128BI2 LPS (W) (8) gave similar results
However long term LPS exposure (72 hours)
clearly reduced monocyte survival at concentrattons
higher than 1 pg/ ml undifferentiated cells bemg
more sensitive o toxic LPS concentrations as
reported by Wiener & Levanon (24)

The reduced protein synthesis found at non toxic

responsive stramns has beea teported at § pgfmi (8)
and even fower (24) concenrations after 24 hour
LPS exposure We were not able to demonstrate

trasts with the findings of Wiener
& Levanon (24Y Moreover the reduced ability 10

degrade sngested Candida albicans afier LPS &xpo-
sure ndicates that LPS reduces intraceliular lysoso-
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Fig 2 Influence of LPS on proten synthesis i
monocytes assayed on day 4 (@ ——@) and day 11
(O~==-0) of monocyte culture Monocytes cultured with
LPS for 72 hours before assay 35 mm dishes Mean
SEMn=6

*p < 005 as compared to control without LPS

Fig 3 Influence of LPS on protem synthesis i human
peritoneal macrophages cultured with LPS for 48 hours
before assay on day 3 (@ ——®), or culred with LPS
for 72 hours before assay on day 8 (O---0) 16 mm
dishes Mean = SEM of tniplicate cultures

1n these experiments Stmular results were obtamed
1n experiments with human PEC (data not shown)

Effect of Heat Inacination of Serum

The effect of LPS on monocyte protein synthesis,
Candida phagocytosts and induction of cytostatic
activity by i vetro culture was tested 1n at least five
separate expenmenvs of each type, with medmum
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prolonged exposuse to hughet concentrations of
LPS These observaions like those m some of the
cned papers (3 24) 1ndicate that the concept of LPS
a5 2 general potentiator of all aspects of mononuc

1ear phagocyte physiology 1s oversimplfied
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CPM IN TARGET CELS WITH MONOCYTES AS % OF TARGET CELL CONTROL
5
T
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LPS CONCENTRATION #ofm)
Fig 5 Influence of monocyte pretncubaton with LPS
for 72 hours on the cytostatic influence on NHIK 3025
cells JH-TdR-incorporation in NHIK 3025 with 4 day-
old (@ ——®) or |1-day old (O~-0) monocytes 1s
expressed’as & o1 incorporaan ot (K 7025 cuftured
alone Mean * SEM n = §

* p < 005 as compared to control wythout LPS

mal enzyme actvity in our systtm This contrasts
with reports of increased lysosommal enzyme synthe-
sis and activity mn animal cells (17, 24} Macrophage
sensitivity to LPS toxicity 1s genetically controlled in
misce (8) Whether the observed discrepancy 15 due
to genetically determined spectes variation mn the
response to LPS or to methodological differences
cannot be ascertained at present The morphological
observation of an apparent reduction i the number
of lysosomal granules in LPS-treaged cultures 15 mn
line with the data from the digestion assay

The pronounced alterations 11 Cell distribution 1n
the monolayer and individual e}l morphology
suggest that LPS 1nfluences monofiuclear phagocyte
membrane structure and function  The reduced

mgestion of Candida particles might also 1
explamed as a membrane effect LPS has bee
shown to bind to macrophage membranes a
Liposomes (3} and to mduce transmembrane pote
tral changes 1 human macrophages (6) There w;
no short-term increase 1n macromolecular mey
brane permeability as measured by $'Cr-releag
Selective release of enzymes 1n LPS-treated mong
nuclear phagocytes has been described mn anim;
(23) and human (7) cells, and this might be pary
responsible for the decline tn lysosomai gmnule'
and digestive ability found 1n our expenments
The reduced culture-induced cyfostane activy,
effected by LPS indicates that evposure to LBs
nterferes with most aspects of the human mong.
nuclear phagocyte differentiation induced by 11 vitrg
culture i our system (9, 21, 22, 25 We haye
demonstrated previously that such differentsation
not a prerequisite for lymphokine activation of
cytostatic acthivity 1n monocytes {11), thus indicating
that there may be at least two different pathways of
induction and possibly also expression of human
monocyte-mediated tumour cell inhibttion  LPS
clearly interferes adversely with the induction of
differentration-related cytostasis The cbservation
that LPS premncubation 1s unable to render human
monocytes cytostatic disagrees with some earlier
reports on ammal cells (1, 4, 19) Prehminany
experiments indicate that a very short premncubation
period (2 hours) in LPS enhances monocyte
cytostatic activity In our opinion, such rapid effecty
would probably reflect the enhancement of cytosta.
tic and cytotoxic expression demonstrated 1n the
accompanying paper (12) After completion of this
work, Horwitz et al (14) reported mnduction of
monocyte-mediated cytotoxicity by prolonged incu-
bation 1n LPS-treated serum DilTerences in experi-
mental design notably the use of heterologous
serum, make it difficult to compare these results
with ours In our hands, the use of serum-fre¢
media, or media supplemented with commercial
heterologous sera or heat-tnactivated human serum,
seriously impair monocyte differentration and fre-
quently lead to mcreased cell loss when used for
prolonged culture (21), as also found by Johnson ¢t
al (15) The experiments performed with medum
supplemented with heat-inactivated human serum
indicate that the LPS effects are not dependent on
LPS activation of heat-fabile serum-derised comple
ment components
The conclusion from the experiments presented
here 1s that LPS influences human monocyte i 11tro
differentiation adversely i terms of cell growth,
development of effector functions Rke particie
ingestron and digestion and cytostatic snfluence on
tumour cells Cell survval 1s also reduced by
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IN VITRO INFLUENCE OF ENDOTOXIN ON
HUMAN MONONUCLEAR PHAGOCYTE STRUCTURE
AND FUNCTION

2 Enhancement of the Expression of Cytostatic and Cytolyne Actvity of Normal and
Lymphokne-acuvated Monocytes

JENS HAMMERSTROM

University of Trondhewn Department of Medicine Section for Haematology and Immunology
Trordheym Norway

Hammerstrem J I virro mfluence of endotoxin on human mononuclear phagocyte structure and
functon 2 Enbancement of the expression of cylostatic and cytolyue activity of normal and
Iymphakine acuvated monocytes Acta path microbiol scand Set € 87 191-399 1979

The pressnce of non fouic concentrations of £ cofr endotoxin {LPS) during the g viiro interaction of
normal human monocytes and a human tumour cell hne (NHIK 3025) enhanced monocyte mediated
target cell cytostasis and cytolysis MonOCyte responsiveness to LPS was greatest at an intermediate
st2ge of i1 14iro dufferennation The expression of cytostatic and eytolyuc acuyvity by human monocytes
atvated with mediators from Corynebactertum parvum stimulaeed human lymphocytes was also
enhanced by LPS Lymphokine gcuvation did not induce addiwonal LPS responsiveness mn the
monocytes Monocytes acuvated with and y by in vitro cufiire did
ot show any tncrease 1 LPS responsiveness A soluble cytostauc factor which is probably pot cold
thymidine was released from monocytes exposed first to lymphokines and then to LPS While LPS 1s
weflecve 33 2n induction wgnal of MONOCYte TylotoxTY 10 tmovT calls 1p this system 1 gnhances
the expression of cytotoxicity 1nduced by prolonged i vure culture or lymphokine actuvation

Key words Monocytes human endotosin lymphokines ¢ytotomcity

Jens Hammerstrom Trondhetm Regtonal Hospital Department of Medicine Section for Haematology and
Immunciogy N 7000 Trondkeim Norway
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of mmmunologieal effector cefls thay may be
postant 1n host control of tumour celt growih (5)
A number of biologcal agents may stmulage
mononuclear phagocytes 11 vitro to become nonspe-
cfically eytostatie or cywhvtie (13) for tumour
target cells Dunng the last few years several
groups (10 17 19) have delineated 2 model for the
n wtro acuvation of munne macrophages to

effector cells I with lym-
phokines (mactophage activaung factor, MAF) 1
generally recogruzed as an important step in the
induction of tumouncidal munne macrophages (2,

(LPS) may act as a stignal modulating the
expression of tumounicidal actmity (10, 17, 19)
Prior exposure to lymphokines induces increased
e = soeme s el

mnduce tumouricidal munne macrophages by them
selves {4 2, 21) We have shown previously that
MAF can mduce cyiostanc 2bility m human
movdeytes (3 22) 1n the previous paper (9) we
demonstrated that the cytostate atiny 1nduced 1n
buman monocytes durng their 1 vigrg ifferentia
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cpm +NHIk 3025) - cpm (\NHIK 3025)

%SL =

Total 1acorporated cpm

Toa! uwcorporated cpm was 14007 = 3759 {n=6)
Controls of target cells with LPS were included in alt
experiments and % SLsn monocyte/target celt cocultu
5 wih LPS was calculated wsing the spontancous
wlease (n these controls LPS did not influence signifi
anly the spontaneous release from target cells in the
asence of monocytes (24 6 = 1 2% of total incorpora
ted cpm 1n target celfs tn IS\ 238 = 1 4% warger
allsnih LPS 0 L ug/ml assayed afte 48 houes 0= 6}

Star stes
All etpeniments were performed 1m trplicate Results
aregnenas mean = § B\l of netpeciments Palues

sete abtained by Wilcoran's signed rank test for pasred
samples

RESULTS

Effect of LPS on the Cy tostatic Actnaty of Normal
Monoey tes

The impatrment of monocyte mediated cytostatic
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actvity produced by the presence of LPS duning
monocyte 1 vuro differentiation (9) was observed
conststently with LPS pre mcubation periods of 24—
72 hours (Fig 1) If LPS was added to monocytes
after 4 days of culture 1n HS M concomitantly with
the target cells an enhancement of cytostatic
acuivity was noted (Fig 1) Very short (2h} LPS
preincubation before target cell additton also produ-
ced enhancement {(data not shown)

LPS sensuniy of Monocy tes at Different Stages of In
vitro Differentiation

The enhancement observed with LPS present 1n
the coculture of monocytes and target cells was
found consistently and with monocytes at all stages
of {Fig 2) Four-day-old
at an intermediate stage of differentiation were most

WIROIT CHL W8 W1 O

1Ps tygiml

1 0
BAYS OF MOMOCYTE CULTURE BEFORE TARGEY
CELL ADBITION



tion to large macrophage-like cells (7, 23) 1s
tmpatred by the presence of LPS during mduction
In this study, we report the results of experiments
designed to exarmne the effect of LPS on the
expression of human monocyte- and macrophage-
mediated tumour cell cytostasis and cytolysts, and
to wvestigate whether prior lymphokmne activation
modulates the LPS response 1n human cells

MATERIALS AND METHODS

Human Monocy tes

The cells were separated from venous blood of healthy
adults by Ficoll/Isopaque centrifugation and plastic
adherence as described m (7) The monocytes were
cultured 1n 24-well uissue culture plates (Costar 3524,
Costar, Cambridge Mass, USA, well @ 16 mm) as
described 1n {8) in RPMI 1640 (Gibco, Bio Cult,
Glasgow, Scotland) supplemented with 25% pooled
human AB Rh+ serum, 0 1 mM I-glutamne and 40 pg
gentamicin per mi (HS-M) The medum (0 $ ml} was
changed after one, four and eight days The percentage of
monocytes 1n the monolayers was > 90% at start of
culture, ~95% on day 4, and ~99% on day 3,
contaminating cells being almost exclusively lymphocy-
tes after the first 24 hours of culture

Human Ly mphocyies
The non adherent cells aspirated after 90 mmn
1ncubation of mononuclear blood cells on plastic (8) were
adjusted to 106 cells/mlin HS-M Lymphokine superna-
tants were produced by culturing 4 ml of the cell
suspension with killed Corynebactertum parvum St!al?
. St A -

cate 1 ml cultures was assayed atter lymphocyte cunute
4 smtad ~ IR0 Al lvmnhocvie donors
b

Sumulalea e
n=15)

Lymphokine (MAF) Actvation of Monocy tes
The medium was aspirated from 3 day-old monocyte

cultures 025 m) HS-M followed by 025 ml filtered

lymphokine supernatant were added, and the cultures

were ncubated for 24 hours

- ~wt af Manncvies

n E coli

a Chem

. tored as

m was aspirated from monocyte

f HS-M with or without target

cells was added followed by 025 mlof LPS dlll‘mdu:o

twice the desired concentration 1o HS-lM ) r||_ Lpg
experiments shown 11t Fig ! and Fig 6,01 mlol

Co, St Lous, woiy
described (9) The mediu
cultures and 0 25 ml of

392

diluted to six times the desired concentration was add¢
to the 05 m) already present in the well, m order ¢
avoud interfering effects of medium replacement

Assay for Monocyte-mediated C tostasis

The human cell line NHIK 3025, orgmating from
carcinoma 1n sttu of the cervix {14) was used as targt
cells as described 1n (8) Briefly, 104 target cells in 0 &
ml HSM were added to monocyte cultures afte
aspiration of the medrum, resulung in effector/target 8!
ratios of approximately 10 1 Target cell DNA-synthes!
was determined by adding 1 wCi methyl-3H thymidit
(methyl-3H-TdR, sp act 5 Ci/mM, Radiochemict
Centre, Amersham, England) for the last five hours of ¢
24-hour coculture period of monocytes and target celis
and processing the cultures for hqud scintillator
counting as described m (7)

The tesults are expressed as cytostatic tndex (CF
which describes the cytostatic actvmy of LPS of
ly kene-treated y to norm#
monocytes cultured in HS M

cpm (treated monocytes + NHIK 3025) R

CI = 100

cpm (untreated monocytes + NHIK 3025)

The CI elimunates the inherent cytostatic acuvity of
normal monocytes and focuses on the effects o
treatment The cytostatic actvity of normal monocytes 1#
gwven separately for each series of experiments 2t
percentage target cell inhibhon

cpm (untreated monocytes + NHIK 3025} .
X 10

100~
cpm (NHIK 3025)

Monacyte methyl 3H-TdR tncorporation was ignored 12
the calculations, since this did not exceed 5% of target
cell incorporation Target cell controls with appropriate
LPS concentrattans wete weluded @ each expenment,
but LPS did not influence target cell prohferation in the
absence of monocytes (Target cell cpm in HS M 59697
+ 3964 ¢cpm target cell cpm in HS-M with LPS | pg/
ml 59712 = 4138 cpm Mean = S E M n=36)

Assay for Monocyte-mediated Cyiolysis

NHIK 3025 cells 1n exponential growth were labelled
for 24 hours with I pCi/m! methyl 3H-TdR Washed
prelabelled target cells (104/well) with or without LPS
0 1 pg/mi were added to washed normal or lymphoking
treated monocyte monolayers as described for the
cytostasts assay Release of incorporated methyl JH-TdR
was measured 1n the supernatant removed after 24 48 of
72 hours from cocultures of monocytes and target cells
by liquid scintillation counung Spontaneous release was
measured n the supernatant of 104 prelabelled target
cells plated atone Total mcorporated cpm was determi
ned by lysing target cell monolayers with 0 5% sodum
dodecy! sulphate {SDS) for }0 mun and adding the cpm 11
the SDS lysate to the spontaneous release Monocyte me
duated target cell 1S5 exp as p
specific lysis (% SL}




cpm yies + MNifh 3025 = cpm (NHUIR 30250

%SL =

Total tncorporated cpm

foidl mcorporated cpm was 14007 = 3759 (n=6)
“onrols of target cells with LPS were included 1n all
apenments and % SL 1n monocyte/target cell cocultu
w sih LPS was calculated using the spontancous
dlase 1 these controls LPS did not nfluence sigmifi
andy the spontaneous release from target cells in the
Hsence of monocytes {24 6 = 1 2% of total incorpora
Lepm an target cells n HS M 238 2 1 4% target
elinnti LPS 0 1 ug/mi assayed after 48 hours n=6)

‘wistes

All expeniments were performed in trplicate Results
regnenasmean £ § E N of nexperiments P values
er¢ obtained by W itcoxon s signed rank test for paired

imples.
RESULTS

flect of LPS on the Cy tostanc Activisy of Normal
fonocs tes

The impasrment of monocyte mediated cytostatic

Lo

«
PAYS OF MONOCYTE CULTURE BEFORE LPS ADDITION

Fit T tnftuence of addinon of LPS 1o monocyte cultures
A various umes before or simultaneous with addiiion of
arget cells Target cells were added 1o all eultares on day
4 Treatment induced change 1 eywstatic acuvny s
eipressed as cytostauc index {CI) Percentage target cell

mhibition of normal monocyte
bmon of ocytes 127 £ 78 Mean =

activity produced by the presence of LPS dunng
monocyte in iro differentiation (9) was observed
consistently with LPS pre imcubation periods of 24—
72 hours (Fig 1) 1f LPS was added to monocytes
alter 4 days of culture in HS M concomutantly with
the target cells an enhancement of cytostauc
actvity was noted (Fig 1) Very short (2h) LPS
premncubation before target cell addiiion also produ
ced enhancement (data not shown)

LPS senstn ity of Monocy tes at Different Stages of
vitro Differentiation

The enhancement observed with LPS present 1n
the coculture of monocytes and target cells was
found consistently and with monocytes at all stages.
of (Fig 2) Four-day-old v yies
atan mtermediate stage of differentiation were most

wtaroEs CILL ww § TION

1P$ Tugiml

]
oars

20

V Il
R
DAYS OF MONOCYTE CULTURE BEFORE TARGET
CELL ADDITION

Fig 2 Cytostanc actsity (C1) mnduced by addsion of
LPS simultaneous with target cells to monocytes cu)
wred for various tmes A——a LPS 001 yugfmt
O---0 LPSO | sg/m! ®~—@ LPS 1| pp/mi per
centage target cell inhibition of normal monocytes in the
same exy

S :in;n:nu 15 shown in the inseer. Meaan 4



HS-M LPs MAF MAF +
(Ps

Fig 3 LPS and lymphokine (MAF) enhancement of
monocyte-medmted cytostauc activity expressed as Cl

sensitive to LPS enhancement, both 1 terms of C1
and i the absolute reduction of target cell cpm
mduced by LPS The differentiation-related cyto-
static activity of untreated monocytes (Fig 2, insen)
did not correlate with the responsiveness to LPS
enhancement

Effect of LFS on the Cytostatic Actnipy of
Lymphokine-acinated Monocs tes
Preincubation for 24 hours 1n lymphokine-rich
supernatants of C panunt-sumulated lymphocytes
induces cytostatic abulity m monocytes when the
monocytes are challenged with target cells immedia
tely after tymphokine exposure (8) When LPS was
present during monocyte/ target cell interaction, the
cytostatic mfluence of both lymphokine-treated
(MAF) and normal monocytes was significantly
{p < 0 008) enhanced (Fig 3) The LPS-nduced
enhancement was of about the same order of
de 1n lymphokine-treated and normai mo-

Cultures indicated by MAF were with
Iymphokine supernatants from day 3 to day 4, the
remainng cultures recerving fresh HS-M Target cells
were added on day 4 cultures indicated by LPS recerving
LPS 01 pg/ml at the same time Percentage target cell
\nhibition of normal monocytes (HS M) 01 = 75
Mean = SEM n=38

c1

40}

20

I
0 MAF MAF+

—M LPS
Hs [

4 Cytostatic acuvity (CI) nduces by LPS m
MOonoCYtes prevmusly exposed 1o lymphokines and
deactivated by subsequent w1 vifro culre Cuh::rcs
ndicated by MAF were incubated with Jympho ;ne
syperaatants from day 3 w0 day 4 the re‘r;n‘allg 'f(r
recewng fresh HS-M All cultures recerved frey s
on day 4 and after 48 howrs of (unh:r(culture ad;g;
e S 27 Do
rget cells to
Eﬁ;&:\e;;:n‘l;r;‘gu“ \nhabition of normal monacytes
241 + 185 Mean ¥ SEM n=4

fig

nocytes
Monocytes activated by a 24-hour exposure 1
Iymphokines were cultured for 48 hours m HS M

cl 50!'

sor T

4o

30

s ¢ L . s L
o ‘oooot ogol oo1 01 3
LPS CONCENTRATION
Fig 5 Cytesanc acuwity €D induced by different
concentratons of LPS added to lymphokin¢ actvated
monocytes Lymphokine supernatants wcre added from
day 3 to day 4 of monocyte culture Target cells and LPS
were added on day 4 Percentage target cell mhibition of
normal monocytes —0 8 + 88 Mean £ SEM n=t

0
st
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MOURS OF MONCCYTE CULTURE BEFORE LPS ADDITON

Fg 6 Influence of LPS addiuon at various times duning
monocyte/target cell mteraction LPS to a final concen
taton of 0 1 pg/ml was added to lymphokune treated
monocytes [ A~ ~A) simultaneously with the target cells
(36 hours) § hours later {101 hours) or 19 hours tater
iopether with the methyl 3H TR pulse (115 hours)
Cytostatic tndex (C} of monocytes recevtng only
Wmpnokine supernatants from day 3 to day 4 (O
MAF) and monocytes receiving only LPS fogether with
ihe target cells (A LPS) 1s also shown Percentage
farget cell snhibation of normal monocytes ~01 = 75
Man £ SEN n-8

leading to reversal of the lymphokine induced
achivation (8) and then assayed for cytostaue
acuvity 1 the presence of absence of LPS (Fig 4)
However the LPS response was not larger i the
monocytes previously exposed to lymphokines than
n control cells

The LPS induced response in lymphokine treated
cells was dose-dependent (Fig 5) <

"

Tio Vi K]
(YMPHOXINE DILUTION

Fig 7 Cytostatic actsity (CD nduced by various
dilutons of lymphokine supernatants assayed with LPS
01 g/ m! present in the monocyte/target cell coculwre
Monocytes were incubated 1n lymphokine dilutions from
day 3 to day 4 and target cells together with LPS added
on day 4 Percentage target cell inhibiuon of normal
monocytes 02 * 88 Mean 2 SEM n

Cy tostatic Effect of Soluble Factors Released from
Lymphokine actvated Monocy tes Exposed to LPS

A obtained from
cultured for 24 hours after lymphokine activation 1n
the presence of absence of LPS were tested for
immediate (§ hours} or defayed {29 hours} mfluence
on DNA synthesis i target cells plated alone The
monocyte supernatants wete difuted 1 2 with fresh
HSM to avord interfenng effects of nutnuent
depletion

Tvo mhibitory acuvity was found 1n the superna
tants of normal monocytes lymphokine activated

005) enhancement being observed at doses as low
25 01 ng/ml By adding LPS at dufferent tmes
<duning the cocubture of tymphokine-acuvated mono-
¥tes and target cells (Fig 6) 1t was apparent that
the LPS response was abrogated if LPS was present
only during pants of the monocyte/target cely
ifterachon

A dose response relauonship between tympho-
kine dilution and monocyle response could be
established even when monocyte mediated cytosta
315 was assayed with LPS present duning the assay
Fig 7)

or treated only with LPS
either on short or long term exposure (Fig 8)
Yiowever e supernawnts of monocytes first
acuvated with lymphokines and subsequently expo
sed 10 LPS contained suppressive acvity on target
cell methyl ’H TdR incorporation The effect was
not detectable at 5 hours but was consistent 1n all
expenments at 29 hours (p << 0 016) The acuve
supernatants contain LPS and the effect mught thus
be due taan LPS effect on the target cells rendering
them susceptible to supernatant factors from
activated

15 ¥
was tested by exposing tasget cells fo supernatants



%o TARGET CELL INHIBITION

HOURS OF CULTURE IN MONOCYTE SUPERNATANTS

Fig 8 Cytostatic activity of monocyte supernatants
expressed as percentage target cell inhibition Monocyte
cultures indicated by MAF were incubated with lympho
kine supernatants from day 3 to day 4 the remainder
recesving HS M On day 4 LPS 0 | pg/ml was added to
monocyte cultures indicated by LPS the remamder
receiving HS M The monocyte supernatants were
harvested on day 5 diluted 1 2 with fresh HS M and
added to target cell cultures plated 24 hours earlier One
uC1 methyl 3§ TdR  was added together with the
monocyte supernatants (5 hours) or 23 hours later 29
hours) and the target cell cultures were harvested after 5
hours of methyl 3H TdR incorporation Target cell
methyl JH TdR incorporation 1 the medium control
62000 £ 5400 cpm (5 hours) and 122 600 = 6 800
cpm (29 hours) A=——-4 MAF + LPS O—0O
MAF @-—-® HSM A—A LPS Mean SEM

n=6

from activated monocytes with LPS present only
during the assay Only supernatants from activated
monocytes subsequently exposed to LPS contamed
mhibitory activity {Table 1) LPS presence or
absence 1n the assay being of no consequence

Influence of Heat Inactnvation of Serum on LPS
Enhancement of C tostasis

The experiments were repeated at least twice
with medium ) d with heat d
(56 °C 30 mn) human AB serum during all stages
where LPS was present in the medium The results
were almost 1dentical with those presented (data not
shown)

Effect of LPS on the Cyoly tic Abthity of Normal and
Lymphokne-actnated Monoc tes

The effect of LPS on monocyte mediated target
cell lysis was examuned in an assay measuring
release of methyl JH-TdR from prelabelled target
cells Lymphokine activation of the monocytes pror
to addition of the target cells enhanced stgmificantly
the specific lysis observed after 48 hours p <
0016) (Fig 9) Addition of LPS during the assay
pertod did not influence the spontaneous release of
methyl 3H-TdR from target cells but enhanced the
cytotoxic activity of both previously untreated and
lymphokine activated monocytes (p < 0031)

The Kinetics of monocyte medtated lysis 1n a0
experiment displaymg a relatively high level of
Iymphoktne activation are shown in Fig 10 LPS
and lymphokine enhancement are greatest after 48
hours The mcrease 1n cytolytic acuvity m untreated
cultures 1s greatest between 48 and 72 hours while

TABLE | Cytostanc Factor Actnity is not Due to LPS Damage to Target Cells

% rnhibttion of target cell

Monocyte Monocyte LPS addition
treatment treatment to target cells methyl 3H TdR incorporation
3rd—4th day 4th—5th day n assay compared with medium control
HS M HS M —12%26
HS M HS M LPS 4319
HS M LPS 54213
MAF HS M 23202
MAF HS M LPS ;§ ; = § :
LPS +
MAF o o
-13£09

- LPS

ed for 3 days before addition

ere culture
Monocytes wer canmnrvte crltures an

hyl JH JdR/cuituie wes =

et
Ore pCt 1 Mean * SD of tniplicate coltures

supernatanis

396

of CP induced lymphokine super.
d fresh HS M with or without LPS was added
e

natants (MAF) On day 4 the
Onday § the



% sPECIFIC LYSIS

usM o (PS MaF mar
s

Fig 9 LPS and lymphokine enhancement of monocyte
med ated cytolysis expressed as percentage specific lysis
of target cells prelabelfed with methyl *H TdR Monocyte
cultures indicated by MAF wese incubated with lympho-
kine supernawants from day 3 to day 4 the remainder
receiving HS M Prelabelled target cells were added to
the mortocyte monolayers on day 4 cultures indicated by
LPS receiving LPS 0 1 pg/ml at the same ume Release
of methyl 3 TR was assayed after 4% hours of
monocyte/target cell mteraction Mean + SEM n=6

% SPECIFIC LYSIS

MOURS OF MONOCYTE/TARGET CELl INTERACTION

Fig 10 Rhpeucs of monocyte mediated YUY 10
target cells prelabelled with methy! 3H TAR Monocyte
treatment as 10 the text 10 Fig 9 @——g
A--—& LPS O—O MAF A--~a AF 4
LPS \Mean of triphcate cutfures Standard deviagon D)
less than 10 of the mean

the increase 1n lymphokine treated cultures decrea-
ses at the same tme

1f observed for 72 hours or longer, the isotope
release i untreated cultures in some expeniments
rose to higher levels than m lymphokine or LPS
treated cultures and a reduction in adherent effector
cells 1n lymphokime and LPS treated cultures was
somettmes observed mucroscoprcally

DISCUSSION

Data concernsng the conditions which modutate
target cefl inhibiion or killing by human mononuc
fear phagocytes in the absence of antibody are very
scarce {6 12} Previous work in this laboratory has
d ted that human (23) and
pentoneal macrophages (7) acquire cytostatic abitity
on in wiro and that add; 1
cytostatic activity can be nduced by lymphokines at
alt s vifro dilferentiation stages (%)

The present study soppons the view based on
data from animals models viz that LPS may actas
2n exps signal of !
mediated tumour cell mhibibon (10 18, 19)
Untreated monocytes seem to be most sensiive to
LPS enhancement at an intermediate stage of 11
wiiro differentiation from monocytes to the large
macrophage like cells found after seven days in
viro Increased LPS responsiveness of mononuctear
phagocytes at centamn stages of functional matura
tion has been demonstrated repeatedly in anmal
systems (10 18 19 21) LPS responsiveness mn
ammal macrophages usually requires prior sumula
tion or acthaton with stmul such as in wno
peptone or BCG myecuon (21), although there are
reports to the contrary (17) No additional LPS
responsiveness seems 1o be induced by m viro
lymphokine exposure 1n our System 1n terms of
monocyte cytostatic activity This apphies regardless
of whether the monocytes are exposed to LPS at the
ume of matmal lymphokine induced cytostauc
acuvity or following deacuvation by in wuro
culure

The impressive structural and functional changes
observed mn untreated cultures (7 23) demonstrate
Clearly that 1 vutro culture in this system 15 a strong
signal by itself for monocyte differentiation and
may well provide the necessary »priming« stimula
tion for LPS responsiveness The finding that dose/
Tesponse curves can be established for both LPS and
lymphokines 1n cultures treated with a fixed
coneentration of the other agent sugpests a true
pharmacological effect of both agents

The activation of human monocyte mediated
tumour cell cytolysis by lymphokines has been




described once previously (6) while we have been
unable to find reports concerning the effect of LPS
on the expression of cytotoxienty The long assay
period required for demonstration of monocyte-
meduated target cell lysis makes interpretation of the
results difficult, simee 1mportant modifications of
monocyte function, such as culture-nduced diffe-
rentiation (7) and reversal of lymphokine activation
(8) are known 1o occur during this phase of culture
The Kmetics of the response could be compatible
with the induction of functionally relatively short-
lived cytotoxic effector cells by lymphokines and
LPS, n accordance with data obtained m ammal
systems (17, (8) The observation that untreated
cuftures may develop higher levels of target cell lysis
on prolonged (> 72 h} interaction with target cells
may be a reflection of the impaired culture-induced
differentiation found after LPS (9) or lymphokine
(24} exposure
In the previous article (9), depressive effects of
L.PS on mononuciear phagocyte protetn synthests,
phagocytosts, degradation of mgested material and
ductron of cytostatic actvity were observed 1 the
same system and with stmular LPS concentrations
as those employed for the demonstration of
cytostatic and cytotoxic enhancement This ques-
tions the view that LPS enhancement occurs at low
doses and LPS toxicity at high doses (20) Recently,
Rosenstreich et al demonstrated simultaneous LPS
toxicity and stimulation 1 terms of solubte factor
production in mouse macrophages (16) The ques-
tion as to whether LPS toxcity and stimulation are
causally hnked 1n some Way has not been satisfacto-
rily answered We have demonstrated earler that
lymphokine-activated monocytes contain mtraceliu-
tar subsionces capable of infubtting target cell
profiferation (8) The soluble cytostatc factor
released from Iymphokine treated monacytes expo-
sed to LPS demonstrated in this study may be
related to the cytostatic factors found intracelularly
pefore exposure to LPS The effect of LPS on
monocyte membrane structure and function ndica-

1S not synonymous With monotyl ueamn sunsd
there was no change i adherent ceff numbers and
aumbers of cells taking up trypan bive 10 cuitures
producing active supernatants after removal of e
supernatant  However, after one week of further
culture the number of monocytes tn such cultures
iy reduced, thus wdicating 2 shortened hife

was clea b tus wnduns
S W

span of cells treated 1 i ot

Delegee of several soluble factors .r“’i'l a‘r:m:’

A.

4,

:Jl' actually lyse target CElIS Ud> uitara s
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15) The soluble factor 1s probably not cold
thymdtne (15}, since no imhibation of target cell 3
methyl-TdR-mcorporation Is found after five houts
of exposure to the factor The kinetics of the
inhibition, with a delayed effect first apparent after
29 hours, resembles the  vrro action of tumour
necrosts factor (TNF) a cytostatic glycoprotem of
probable macrophage origin found m the seeum of
mice pretreated with C Panum and subseguently
exposed to LPS {11)

Control experiments with heat-inactivated serum
indicate that the cytostatic enhancement and indue
tion of cytostatic factor release produced by LPS are
not dependent on heat labrle serum derived comple
ment components

Studies of the i 1110 conditions modulatng the
mduction and expression of human mononuclear
phagocyte cytotoxicity to tumour cells may provide
means of manipulating these cells to tnereased
participation n the 1 1no eradication of human
tumour cells

The technical assistance of Af Sarensen and A Rement 15
gratefully acknowledged I am indebted to Professor J
Lamiih and Dr 6 Unsgagrd for discussion and help
and to Dr A Dalen for providing ¢ panum
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C\ subcomponent complexes C1 acuvauon elee
oIMMUNOASSay

Corvnebacterunt parvum BCG monocytes Iym
phokines cytostasis human

Corynebacterim panum mohocytes human ¢y
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