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CROSSED IMMUNOELECTROPHORETIC ANALYSIS OF
NEISSERIA MENINGITIDIS ANTIGENS AND
OF CORRESPONDING ANTIBODIES IN PATIENTS
WITH MENINGOCOCCAL DISEASE

GERD EVA HOFF and NIELS HOIBY

[ Clinical Microbi at
Department of Infectious Diseascs. and D ol
Rugshosprtalet and Hvidovre Hospital, Statens Serumtnstitut, Copenhagen, Denmark

Hofl. G E & Heiby. N Crossed immurioelectrophotetic analysss of Netssena menimnguidis antigens
and of corresponding antibodies 1 patients with meningococeal disease. Acta path. mucrobiol scand
Sect. C. 86 1-9. 1978

Sixty-three different antigens of Netsseria meninginidis groups A, B and C were demonstrated by means
of crossed smmunoelectrophorests against rabbit antserum The group-speaific polysaccharides A and C
were identified 1n the ymmunoprecipiiate pattern The majonity of the remaiung antigens were common
10 all three groups of menngococt A clearcut rise in antibodies was found t it of 27 pauents with
Mmerungococeal meningius Of seplicacmia These antibodres were directed against both group-specific
anugens and common anhigens No such 1se was seen among the 22 patients with puralem meningis
of non-memimgococcal euology  Altogether 15 precipiuns were detected in the patents with
menngococeat disease Nine of these anubodies could be sdentfied by comparison with the rabbit
antiserum  The antibody rise was semiquanufied by means of a sconng system The rise 1n the
preapiin score of antibodies agamnst common antigens in patients nfected wuth group B mentngococc

®as sigmificantly higher than in patents mnfected with group A meningococci

Key words Aersseria memngundis. \mmunoclectrophoresis, serum 2ntibodies

Gerd Eva Hofl Department of Climcal Microbiology at Rugshospitalet. Afsmt 7806, Tageasvej {8,

DR.-2200 Copenhagen N Denmark

Recenved 10M 77 Acoepted 17 vin 77

Immunity 10 meningococeal wfection 15 due to
arculating bactenicidal antibodies agamst meningo-
coccr {11, 12, 32) These protectse anttbodies may
be directed agamst a) the group-specific polysaccha-
ride antigens. b) the protein serotype antigens W hich
are shared among many strans of pathogemc
meningococn (28), and ¢) other common antigens

Infection with N memngindis group A ot C or
vacanation with the corresponding group-specific
@p<ular polysscchande gives rse to Pprotective
ar}ubodm G, 1112, 13, 14, 15, 16, 32, 36).
Vaccimaton with group B polysacchande 15 less
Protective, since the group B polysaccharide s &
Poor immunogen (17, 40), and since the antbodies
that 6o develop are not bacteriadal (. 38) Therefore,

within group B it appears to be primarily the
seratype anugens that elicit bacteritdal antibodies
3, 28, 31). in particular the serotype 2 antigen
which 15 the most prevalent in chimica isolates (7)
Carrier state with meningococct, groupable or non-
groupable, also gives rise to heterologous bacterici-
dal am{bodns(l 2. 33). although serotype 2 is rarely
found in strasnss solated from carriers (7). Accor-
dingly, common meningococeal antigens shared by
both and i i

may be able to induce protective antibodies, am;
such common antibodies possibly arise in alt
pauents suffening from memingococeal drsease.

By means of crossed immunoelec(rophomis
yuhlch ¥ a method with a high resolution power. il.
i possitle 10 differentiate the broad anubt;dy



response arising during infection. We have emplo-
yed crossed immunoelectrophoresis with intermedi-
ate gel (CIWIG) in an analysis of meningococcal
antigens precipitated by antibodies raised in rabbits.
The antibody response in patients with meningococ-
cal disease was compared with that of the rabbit
serum. The purposes were: 1) to identify group-
specific meningococeal antigens, serotype antigens
and common meningococcal antigens, and 2) to
quantify and possibly identify the corresponding
human antibodies in patients suffering from me-
ningococcal disease or other infections presenting
similar clinical symptoms.

MATERIALS AND METHODS

Preparation of a Polyvalent Reference Meningococcal
Antigen (Ref-ag)

Three strains of meningococc: representing groups A,

B and C were used for production of a reference antigen

preparation (group A- ATCC 13077, group B ATCC

13090 and group C: ATCC 13102, kindly supplied by

Copenhagen) The

Preparation of a Purified, Concentrated, Pohselent
Rabbit Reference Antibody (Ref-ab) Preparation

Ten rabbits were injected intradermally with Ref-ag in
Freund's incomplete adjuvant and bled according to the
schedule of Harboe & Ingild (19). Each animal recened
100 pl Ref-ag per injection. Ref-ag batch 1 was used for
the first four injections and Ref-ag batch 2 for the
following monthly booster vaccinations (19) Sonicated
culture medium was used as immunogen in three rabbits.,
which were immumzed and bled accordmg to the
schedule described above

Serum samples of bleedings 2-7 and §-13 were
pooled separately. IgG and IgA were purified and
concentrated a.m Harboe & Ingild (19). The immunoglo-
bulins made up about 95 per cent of the final protem
pr The protein ion of Ref-ab pools
2-7 and 8~13 determined by refractometry was 33 6 and
24.0 g/1, respectively.

Anti-group B polysaccharide antiserum (Horse Lot 46)
was obtained by the courtesy of Dr. J B Robbins.
Bureau of Biologics, Food and Drug Admunistration.
Bethesda, Md, US A

Dr. Inga Lind, Statens Ser P
serotypes of these strains are not known

The three strains were culuvated separately on solid
Bacto ®-Mueller-Hinton medium at 35° C in approxi-
mately 5 vol per cent CO; for 48 hours, the culture was
scraped off the plates, and each strain was suspended 1n
sterile distitled water The proportion between bactenia
(wet weight) and water was adjusted to 1 g.1 ml

The bacteria were exposed to ultrasonic disintegration
for 3 x 45 seconds at 20,000 cps using a Rapidis 300 W,
19 mm sonde with 9 5 mm tip cooled 1n 1ce water The
disintegrated products from each stratn was centrifuged
for 1 hour at 48,200 g (max value) at 4° C. This
procedure was repeated with the resulting supernatants.
The final supernatants were passed through 022 pm
Millipore® filters

The colloid concentration of the supernatants was
estimated by refractometry (AQ Instrument Company,
Scientic Instrument Division, Buffalo, New York) with
human immunoglobulin n distilled water as standard

Ref-ag batch I The supernatants from groups A. B
and C were mixed The colloid concentrations per hire
were 49 6, 41 6 and 18 7 g, respectively This muxture
was enriched with polysacchanide A (Merieux A Vaccine
Lot 557) to a final vaccine concentrauon of 10 mg/1
before use in immumzation Polysacchartdes B and C
were not available when this antigen was produced

Ref-ag barch 2 Swnce this batch was used also 1n
electrophoresis. all the supernatants were diluted to a
collord concentration of 10 g/1, 1n order to avod
favouring any of the anugens in the groups Equal
volumes were muixed and Merieux A Vaccine Lot 557

lectrophoretic Methods

Crossed i lectrophoresis with i diate gel
{34) was performed on 5x35 cm glass plates using
agarose gel (Indublose A 37, Batch 5388, I'Industrie
Biologique Frangaise S A, Gennevilliers, France) and
barbital buffer, pH 86, r/2 = 0.02 (37} In some
experiments. 3 per cent polyethyleneglycol (PEG) 6000
Merck was added to the barbital buffer to increase the
sensitvity of the method.

Antigen. 2 pl Ref-ag batch 2 was run m first
dimension at 10 V/cm for approximately 30 munutes
standardized by a bromphenol blue atbumn marker
Second dimension electrophoresis was run at 2 V/em
overnight Antibodtes 1n second dimension reference ge!
1) 200 pl Ref-ab poal 2-7 1 | 9 m1{13 3 pl/cmY) or 2
75 ul Ref-ab pool 8-13 m 187 m! (5 pl/em2)
Intermedtate gel 200 pl saline or serum in 0 8 m! (333
pl/cm?) When anu-group B polysacchande was used,
300 pl of this serum was incorporated in the reference

gel
The human preciptuns were 1dentified 1n relation to

{he Ref-ag/Ref-ab system (3} The quanufication of the
precipatins 1 human serum (2) was carried out by
comparing the area included by each precipitate 1n the
intermediate gel contaiung human serum with the
corresponding areas 1n 11 standard plated with Ref-ab
pool 2-7 1n the mtermeduate gel (64 pl/ecm? and 2-fold
dilutions thereof) In this way the ntres of the human
antibodies were expressed in reatnion to the concentration
of Ref-ab in the standard plates (34) from tre | = 1/16

pl/em2 to titre 12 > 64 pl/em?
The precipitn score for each pauent serum was
d d to Axelsen et al (4) with shght

ed

was added as described above The collod

concernmg ri-

of batch 2 was 10-g/1 and the pratein né?7
g/1 (Kjeldahl analysis ndly performed by Wiebhe
Rambhaj, Statens Serurinstitut, Copenhagen)

efly, each precipitate scored | point for bemng present and
an addivonal % pomt for each slep increase in titre



te with titre | scored 1 point, a precipitate
(:.gma :lr:lg“:wmd 1% points, etc) Each unidenufied
precipitate was given the mean score of the idenufied
precipitins obtained With 1he same serum
Crossed-lite immunoelectropharesis according to Kroll
(29} was dpplied tn arder to analyse and compare the two
Ref-ag batches One yl Ref-ag batch 1 was run against
200 3 Ref-ab pools 2-7 and 8~13. ly.m 1.9

RESULTS

Analysis of Memngococcal Antigens .

A reference plate with enumerated precipitates
and a corresponding drawing are shown in Fig. 1
(A + B). 63 precipiiates were detactable in the Rel-
ag preparation. 48 of which were regularly visible.

mi{13 3 pl/cm?) and 200 4l saline or Ref-ag batch 2 in
08 ml miermediate gel (33 3 t/em?)

Crossed-line immunoelecizophorens was also used 1o
analyse and compare the antigens from the individual
steans of Ref-ag batch 2 The Ref-ag was run against
Ref-ab mn several different concentrauons and with saline
or the antigen 1 question in the intermediate gel in
concentrations of 600 pl 1n 0 8 ml (100 pl/cm?)and 1n 2-
fold diluuons thereof Punfied potysaccharide A Gaccine
Merieut) and polysacchande C {vacaine MSD) were alse

nihe gelma of
200 b0 § ml intermediate gel (33 3 wl/em?)

CIWIG was used to analyse and compare the two
Ref-ab pools 2 i of Ref-ag batch 2 was run aganst 200
ul Ref ab pools 27 and 813, respectively, 1n 1% m)
(13 3 pt/em2band with 200 p of the other Ref-ab poo! in
0 8 mbimermedinte 26433 3 plfemd)

For comparison, the two Ref-ab pools were mixed 11
dilferent quantises. and 2 ul Ref-ag batch 2 was then run
agamnst 200 1 mived Ref-abm 2 § mI(10 ul/em2)

tmmunodlectrophoresis according to Grabar & Willi-
ams (18) of 10 pl Rel-ag batch 2 aganst 100 pl Ref-ab
oot 8+13 at pH 8 6 10 agarose gel showed at least three
antgens mugraung towards the cathode and therefore
escaping detecuon in the present study, where com entio-
nal crossed immunoelectrophoresis detecung only the
2nodically migrating antigens was used

Human Sera

Sera from (e following petients were examined for
precipiaung meningococeal antibodies

a) 27 pauents with memungococcal disease (26 with
mMemngius and one with septicaemial venfied by culture.
antigen detection (20) or microscopy 20 patients were
wfected wuh group A and 7 patents with group B
meningococ:

b} 9 patients With purulent menngis of septicaemia.
with known bacterial euology S prewmomae (S
Pauents), § aureus (2 pauents), £ coft (1 patrent) and X
Prewmoniae 11 paueat) 5 preymonue ncluded types
65, 8 11 and 23F. while the other bacterta were not
e

€ 13 pauents wuh purlent memingits where no
facteral diagnoss was extablished

Atleast two scrum samples were obuined from each
Talent. onc on admission and one after 2 weehs The
serzwere storsd at~20° Cwath 15 m\1/ 1 NaNjadded

Statistics

Regrevuon conrelauon (wleast square methoda) and
Nana-Whitoey's rang sum test were wsed (6)

The i could only be detected
when the Ref-ag/Ref-ab ratio was changed or 3 per
cent polyethyleneglycol was added to the gel.

Control experiments with Mueller-Hinton broth
(Bacto) showed that none of the anubodies reacted
with culture medium components Rabbits immuni-
zed with cufture medum did not produce any
detectable anubodies

Sera obtained [rom the rabbus before immuniza-
hon contained anubodies against antigen no. 19
{sitre 1-5) and no. 22 Gitre 1} Using different Ref-
ag/Ref-ab ratios, it was also possible to demon-
strate low-titre anubodies against antigens nos. 4, 5.
46 and 55 in pre-immupe sera from some of the
rabbits.

No differences in antigen composition could be
revealed when the two Ref-ag batches were
compared. The three group-specific polysaccharides,
A, Band C, were present n the Ref-ag, but in order
0 ide B, the anti-group B
antiserum had to be used n the reference gel. When
the three meningococeal strains of Ref-ag batch 2
were only the group-sp:
ride antigens (; nos 2and 7
the group A and group C polysaccharide antigens
and the group B polysaccharide which avoids
detection 1 the ordinary Ref-ag/Ref-ab pattern)
were speaific for the individual strain, whereas the
semaming antigens were common. Howeser, a few
faint precipiiates may be strain-specific and experi-

ments are 10 progress to investigate the panicipating
antigens.

No qualuative differences were revealed between
the two Ref-ab pools

Anabysis of Memngococcal Antibodies

Antibodzes against meningocosei wese present in
sefa from all three groups of patients. The mean
level of the precipitin soore of first sample sera of
the three groups of patients Was similar (6.3-8 0)
and close to that of normal persons, though the
range was somewhat greater 1n meningococcal
infections (1 0~14.7) than in the two other groups
of panents (3 5-106) (21) During the infection,
only the patients wuh memngococeal disqsé
produced a signigicam antibody response against
meningococcal antigens, this being demonstrated as
an tncrese wm the number of Precipitates and in
antibody titres against Ref-ag (Fig 2).



Fig. 1 The menmgococeal reference pattern. A Crossed immunoelectrophorests of Ref-ag against Rel-ab. Salme in
the intermediate gel Anode to the right in the first dimension and at the top 11 the second dimension electrophoresis
Staining Coomassie Brilliant Blue B Drawing of A and enumeration of the precipitates An arbitrary scale of
migration velocity relative to human serum albumin (1 0) 1s indicated below

The increase of precipitin score 1 the three
groups of patients is shown in Fig. 3. A rise in
precipitin score of 3 or more was seen in patients
with meningococcal infection, while there was a
lower or no rise 1n the two other groups Ifarise in
precipitin score of 3 or more denotes a positive test,
then the predictive value of a positive test in
identifying patients with meningococcal infection 1s

identified precipitins. Precipitins agamst three anti-
gens (nos. 19, 22, 55} were found in nearly all sera.
At least six different, unidentified precipitins were
found m 15 out of 27 sera from meningococcal
patients and one of these also in four sera from the

two other groups of patients
In the group of patients with verified group A
meningococcal infection, 17 of the 20 patients
d ibodies against group A polysaccha-

27/27 = 100 per cent (95 per cent fid

limuts 87—100 per cent), and the predicttve value of
a negative rest as regards identification of patients
without meningococeal infection is 22/22 = 100
per cent {95 per cent confidence limits 85--100 per
cent) (6, 39). Altogether, precipitins against 15
different meningococcal antigens were found in the

ride, x:hereas none of the seven patients infected
with group B menmgococei developed group-
specific antibodies which could be detected with the
reference system. However, low-titred antibodies
against the group-specific antigen could be revealed
in five of the seven patients infected with group B

i i, using an anti-group B antiserum in

patients’ sera. Table | shows the preval of the
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Fig. 1 The menngococcal reference pattern A. Crossed immunoelectrophoresis of Ref-ag against Ref-ab Salne 1n
the intermediate gel Anode to the right in the first dimension and at the top In the second dimension electrophoresis
Stasming Coomassie Brllans Blue B Drawing of A and epumeration of the precipitates An asbitrary scale of
migration velocity relatve to human serum atbumin {1 0) is indicated below

The increase of precipitin score in the three
groups of patients is shown in Fig 3. A rise in
precipitin scare of 3 or more was seen in patients
with meningococeal infection, while there was a
lower or no rise 1n the two other groups [fa rise in
precipitin score of 3 or more denotes a positive test,
then the predictive value of a positive test 1n

P

identified precipitins. Precipitins against three anti-
gens (nos. 19, 22, 55) were found in nearly all sera.
At least six different, unidentified precipitins were
found 1 15 out of 27 sera from memngococeal
patients and one of these also in four sera from the
two other groups of patients.

In the group of patients with verilied group A
i I infecti 17 of the 20 patients

identifying patients with i 18

aganst group A polysaccha-

27/27 = 100 per cent (95 per cent
Iimits 87100 per cent), and the predictive value of
a negative rest as regards identification of patients
without meningococcal infection 1s 22/22 = 100
per cent (95 per cent confidence limits 85100 per
cent) (6, 39). Altogether, precipitins against 15
different meningococeal antigens were found in the
patents’ sera. Table | shows the prevalence of the

ride, whereas none of the seven patients infected
with group B meningococci developed group-
specific antibodies which could be detected with the
reference system. However, low-titred antibodies
against the group-specific antigen could be reveated
in five of the seven patients infected with group B
meningococei, using an anti-group B antiserum in



TABLE 1. Presatence (per cent) of Frecputins entfied in Seca Jrom Patienss

4 w2 17 23 # R 53
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n

Mensngococtal mnpng\ds oF o
ucaemia {37 paviensy

\ferungius or septicaema of s

different bactersal etiology

Purvient menmngitss of 0

unknow n etiology

113 vauents)

26 100 4 100 T 15 M 96
a (¢ w100 6 ¢ 33 100
o 100 ¢ 166 ¢ ¢ 3 92
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2 Anubody apaimst growp A polysaccharide

antibody response included both group-specific
antbodies (A and B) and antibodies against
common anugens The prevalence of grovp-specific
antbodses 1 these patients was surular to results
obuined with other methods {1} However, some
patients faled 1o develop detectable group-specific
antbodies durtng nfection. This could te due fo
lack of sensitvity of the CIWIG method or lack of

of group-specific ant since

respiratory tract, Which presumably play a proee-
tive role, were not investigated in the present study.

The common antigen no 19 s present in many
gram-negative bacteria (22, 25, 27). Antibodies
against this antigen may thus be induced by a
number of bacteria other than memningococei (26),
and sherefore the presence of these aatibodies does
ot necessanly sndicate previons immunization with

immunological tolerance to other polysaccharides
has been described (24, 30)

It 1s interesting that, in spite of a weaker response
1o the group-specific antigen. patents mnfected with
grop B menngocoon biad 2 stronget response to
common anbigens than the group A afected
patients The reason for this s not krown.

In comrast 10 Hohen e af $23), Relier ¢t at (33)
found that with groupable me-

Anugenasmia was suggested in one patient who
subsequently produced antibodies against these
antigens The »fres« antigens in serum increased the
area of two of the reference precipitates (Fig. 4)
These changes are interpreted as being due ta the
presence of partial cross-reactive antigens (15), ie
antigens possessing only some of the antigenic sites
of the meningococeal antigen in guestion. The

ningococe) enhanced bactéricidal activity in serum
aganst steains tselated from cases af menngitis of
groups A, B. Cand Y. due to the appearance of yon-
group-specific anubodies These antibodies may be
diected agaast sérotype antigens or Common
anugens The prevalencs of serotype 2 attgen s
low 1n strains from carriers but hugh a strétns from
ptens 1t s not kely thesefore. (hat the enhanced
b 2%ty agamst path trains 1s due
salely to anubodies agmnst serotype 2 anbizen, but
rather 10 anhbodies against common antigens (7,
0}

Antibodies agasst the common antigens 19, 22
and 35 appeared to develop in all the meningococcal
ratients. Howeser. these antibodies are found also
in normal persans (211 1ts mot known wether the
il tres of these antibodies were 100 low ta be
frotectve, or whether the anubodws are not
protective. Funhermore. mucosal antibodies in the

antigene Sites of these wfren« antigens
vould be biocked by the patient's antibodses, since
antibodies against these aatigens can be found in
normal human serum (21) These wfree« antigens
may therefore, in fact, be immunocomplexes

The degree of cross-reactions between meningo~
cocet and the othier pathopenic badteria siubed was
not very extensive. Two of the three patients
showing 2 minvte fise in preciphin score were
fected with E. colt and K preumontiae. This rise
Was caused by an increase in antibody titre against
antigen no. 19. which cross-reacts with antigens
fiom many gram-negative bactena {22, 25, 27}
M disease can be disti; reliably
from other simitar infecuous diseases by means of
the antibody response in paired sera ana)
CIWIG method. Furthermore, simce nf:d mbe);}::;
permits identification of antibody specificities and

dt\ef\ion of free antigens, i1 75 2 valuable tool in
chnical situations.
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Fig 4 Crossed of

cal Ref-ag against meningococcal Ref-ab with an
intermediate gel contaimng salme or serum from a
patient with menmngococcal septicaemua  Arrows at
precipitates no 4 and no. 19 A Control plate with
saline B Serum taken on admission to hospital The
area of precipitate no 4 and no 19 1s increased C-
Serum taken after two weeks Precipitate no 19 showsa
shght degree of mnward feet indicating antibodies in the
ntermedsate gel-serum against antigen no 19,

the reference gel. When only the rise in Pprecipitin
score of antibodies against common antigens was
considered, this was signigicantly higher in the
seven group B patients (mean 9.0, range 5.0-20 0)
than in the 20 group A patients {mean 5.2, range
0.9-13.5) (p<<0.05). The development of unidenti-
fied common precipitins was mostly responsible for
this difference.

There was a positive correlation between the
numbers and titres of identified precipitins both in
first sample sera (r: 0.83, p<<0.01) and in second
sample sera (r: 0.74, p<<0.01). It was decided
therefore, to use the mean score of the identified
precipitins of a given serum when evaluating the
unidentified precipitins of that serum.

In one patient with meningococcal septicaemia,
the serum appeared to contain free meningococcal
antigens. The first sample serum contained presu-
mably two antigens {nos. 4 and 19), since the area of
the two precipitates had increased (Fig. 4) The
second sample serum showed antibodies to four
antigens, and no free antigens could be detected (Fig.
4)

DISCUSSION

N. ingitidis is a 1 lly heterc

species. At least nine group-specific antigens and 11
type-specific antigens have been demonstrated (7),
whereas common antigens have not been studied
thoroughly. However, the CIWIG method eniplo-
ved in the present study increased the number of
detectable meningococcal antigens to 63. Similar
experiences were obtained when CIWIG was
applied to studies on the antigen structure of other
microorganisms (5)

In order not to lose information, this first study
of meningococci by means of CIWIG made use of 2
sonicated antigen sample from three serogroups
representing 90-95 per cent of pathogenic meningo-
cocci (16). Inclusion of other groupable meningo-
cocci (groups X, Y, Z, D, 29-E, 135} in the antigen
preparation and use of detergents during antigen
preparation might increase further the number of
detectable meningococcal antigens (35).

The majority of the antigens of the Ref-ag
preparation were common antigens, but two group-
specific and possibly also a number of type-specific
antigens were also present. However, the latter
antigens require further investigation. because the
corresponding precipitates were very faint. No
precipitins to group B polysaccharide were obser-
ved, in accordance with the reported low immuno-
gemcuty of this antigen (17, 40).

During meningococcal infection, an antibody
response was seen in all patients examined. The




TABLE 1. Prevalence (per cent) of Precipinns fdenfied in Sera from Patients

n
Precipiun 1o,

4 %20 2

Aenungococsal menngils of

septicaemia (27 patients} 63

26 100 3

Mequngitss or septicaernia of 0
different bacterial etiology
49 pavenis)

LI

Purulent mennguts of 0
uskaown etiofogy
(13 patients)

2 Antibody against group A polysaccharide

antibody yesponse included both group-specific
anvbodies (A and BY and antibodies against
common antgens The prevalence of group-specific
antibodies in these patients was stmular to results
obtamed with other methods (1) However. some
patients falled to develop detectable group-specific
antibodies during infection. This could be due to
tack of senstwvity of the CTWIG method or lack of

of g ifi it stnce

respiratory tract, which presumably play a protec-
tive role, were not investigated in the present study.

The common antigen no 19 is present in many
gram-pegative bacteria (22, 25, 27). Antibodies
against this antigen may thus be induced by a
number of bactena other than meningococa (26),
and therefore the presence of these antibodes does
ot necessarily indicate previous immunization with

immunotogical tolerance to other polysaccharides
has been described (24, 30)

Tt 15 nteresting that. in spite of a weaker response
1o the group-spenfic anugen. paunents infecied with
group B menngococc: had a stronger response to
common antigens than the group A infected
patients The reason for thus 1S not known

In contrast to Holten et al (23), Reller et al. (33)
found that th ible me-

Amntigenaemia was suggested in one patient who
subsequently produced antibodies against these
antigens The »free« antigens in serum increased the
area of two of the reference precipitates (Fig 4).
These changes are interpreted as being due to the
presence of partial cross-reactive anugens (25), i e,
antigens possessing only some of the antigenic sites
of the meningococtal antigen 10 question The

w

mingococer enhanced bactericsdal activity m serue
aganst stratns rsolated (rom cases of menmgius of
groups A, B.Cand Y. due to the appearance of non-
group-specific antibodies, These antibodies may be
directed aganst serotype antigens or common
antigens The grevalence of serotype 2 antigen s
low 1n s1rarms from carriers but high 1n strains from
patents 1t 1s nat hikely therefore, that the enhanced
b actmity agamst is due
solely to antibodies against serotype 2 antigen, but
m.;m to antibodies against common anugens {7,
10

Antibodies against the common antigens 19, 22
and 55 appeared to develop 1n all the mesingocoeeat
ratients However, these antibodies are found also
in normal persans (21). Tt s not known wether the
wutial tires of these antibodies were too low 1 be
protective, or whether the antibodies are not
protectine, Funthermore, mucosal amibodies in the

antigenic sites of these wfree« antigens
could be blocked by the patient’s antibodies. since
antibodies against these antigens can be found
normal human serum {21) These nfree« anugens
may therefore, in fact, be immunocomplexes.

The degree of cross-reactions between meningo-
coctt and the other pathogenic bacteria studied was
not very extensise. Two of the three patients
showing a minute rise in precipitin score were
infected with E. coli and K. preumoniae. This tise
was caused by an increase in antubody titre agajnst
anligen no 19, which cross-reacts with antigens
from many gram-negative bacteria (22, 25, 2.
Menmgococcal disease can be distingmshed reliably
from other simitar infectious diseases by means of
the antibody response in paired sera analysed by the
CIWIG method. Furthesmore, since this Method
permits Wentification of anibody specificities and

detection of free antigens, it is a valuable it
A 3 tool
chitical situations. "



Fig. 4 Crossed of

cal Ref-ag aganst meningococcal Ref-ab with an
intermedrate gel containing saline or serum from a
patient with memngococcal septicaemia  ATfows at
precipuates no 4 and no 19 A Control plate with
sahine B. Serum taken on admussion to hospital. The
area of precipiate no 4 and no 19 is increased C.
Serum taken after two weeks. Precipitate no. 19 shows 2
slight degree of mnward feet indicating antibodies in the
intermedsate gel-serum against antigen no 19,

the reference gel. When only the rise in precipitin
score of antibodies against common antigens was
considered, this was signigicantly higher in the
seven group B patients (mean 9.0, range 5.0-20.0)
than in the 20 group A patients (mean 5.2, range
0.9-13.5) (p=<<0.05). The development of unidenti-
fied common precipitins was mostly responsible for
this difference.

There was a positive correlation between the
numbers and titres of identified precipitins both in
first sample sera {r: 0.83, p<0.01) and in second
sample sera (r: 0.74, p<0.01). It was decided
therefore, to use the mean score of the identified
precipitins of a given serum when evaluating the
unidentified precipitins of that serum.

In one patient with meningococcal septicaemia,
the serum appeared to contain free meningococcal
antigens. The first sample serum contained presu-
mably two antigens (nos. 4 and 19), since the area of
the two precipitates had increased (Fig. 4) The
second sample serum showed antibodies to four
antigens, and no free antigens could be detected (Fig.

DISCUSSION

N ingitidis is a "
species. At least nine group-specific antigens and 11
type-specific antigens have been demonstrated (7).
whereas common antigens have not been studied
thoroughly. However, the CIWIG method emplo-
yed in the present study increased the number of
detectable meningococcal antigens to 63. Similar
experiences were obtained when CIWIG was
applied to studies on the antigen structure of other
microorganisms {5).

In order not to lose information, this first study
of meningococei by means of CIWIG made use of a
sonicated antigen sample from three serogroups
representing 90-95 per cent of pathogenic meningo-
cocci (16). Inclusion of other groupable meningo-
cocci (groups X, Y, Z, D. 29-E. 135) 1n the antigen
preparation and use of detergents during antigen
preparation might increase further the number of
detectable meningococeal antigens (35)

The majority of the antigens of the Refag
preparation were common antigens, but two group-
specific and possibly also a number of type-specific
antigens were also present However, the latter
antigens require further investigation, because the
corresponding precipitates were very fant. No
precipitins to group B polysaccharide were obser-
ved, in accordance with the reported low immuno-
genicity of this antigen (17, 40).

During meningococeal infection, an antibody
response was scen in all patients examined. The
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se bone matrow (BM) cells responded 1n witro against
ot i ‘5“\‘5(;“?‘". oo A (Con A) and (LPS} In addition, BM
cell suspensians contained relauvely many cells with ADCC (anubody-dependent cell-mediated
cytotoxicity) activity BM cells were fractionated according fo various cell surface characteristics The
resnlts of these expeniments were compared with previously published reports, showsng that pre-T and
pre-B cells could be separated on Ig anti-Ig columns (Ig = smmunoglobulin) The combined results
showed that pre-T cells may fracuonate together with cells With the following characteristics they
displayed ADCC actvity and had Fc receptors (FcR) and/or membrane lg Pre-B cells fracuonated
with cells with the (ollowing charactenistics they fesponded 10 LPS but had no ADCC acuvity They

were not adherent and/or phagocytic and were Ig, FeR™ and C3 receptor (C3R} negative
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Recent observations from this laboratory have
suggested that, contrary to expectation, BM precur-
sor B cells do not express FcR and/or membrane Ig.
B\ precursor T cells would seem to express erther
FcR or membrane Ig or both. Such results would
mdicate that precursor cells for the B or T lineage
are different, and that the surface markers on
Pprecursor cells and on mature effector cells Withma
given ceft lineage may differ or change (15, 17}

BM cells respond 1n vitro agamst T cell mitogens
PHA or Con A (4) and the B celt mitogen LPS (8)
Furthermore, lymphord cells 1 the BM can ki
antibody coated target cells (Ab-CRBC = antibody
coated chicken erythrocytes) in vitro (3) Thus,
f i 6

. non-
and

adhe-
. affinity ch BM
cells were assayed for thew reactivity m vitro
against PHA, Con A, LPS and Ab-CRBC. The aim
of the study was to clanfy whether pre-B or pre-T
cells in bone marrow fractionate together with BM

-
pec
rence, ph:

lymphoid cells displaying any of the above-
mentioned 1n vitro functions.

The results suggest that a pre-B cell could be
classified as an LPS responding cell which does not
express FeR, membrane Ig or CIR. Pre-B cells were
not endowed with ADCC activity, and were not
adherent or phagocytic as defined by the present
methods. Pre-T cells were seemingly not able to
react with the T cell mitogen PHA. They would

seem to fractionate along with the ADCC effector
cells among BM cells,

MATERIALS AND METHODS

Animals Balb/cxCBA FY hybrid mice of both sexes were
bred 1 our colony and were 68 ‘Wweeks old when used

Mitogens Purified PHA was obtained from Wellcome
Research Laboratories (HAI7, Tot no 8805) Con A
from Pharmacia (ot no 3059) and E coh 055 BS LpPS
from Difco Laboratories (ot mo 503309 Siock



solutions of each mitogen in sterile saline contained 2
mg/ml.

Cultures. Eagles minimum essential medium F13
(Gibco), supplemented with 100 1.U, of penicillin/m!. 10
ng of Gentamicin/ml. 2mM glutamine, 10mM Hepes,
and non-essential amino acids, was used as tissue culture
medium. In addition, the medium contained 10 per cent
foetal calf serum (FCS) (Flow Laboratories lots no.
470055 and 415075 and Gibeo/Biocult lot no. 553018)
This medium will be called FCS/F13.

Cell i were made y from the
thymus, spleen or tibias and femurs. The cells were
washed twice in FC3/F13 and the number of trypan blue
excluding cells was determined. The cell concentration
was adjusted to 10 times the desired concentration. 0.1
ml of this stock solution was added to Falcon plastic
tubes (no 2001) prefilted with 1.8 ml FCS/F13 and 0.1
ml of mitogen Mitogen responses were determined in
triplicate. All cultures were incubated at 37° C in a
humified atmosphere containing $% CQ;. Optimal
conditions for spleen and thymus cell cultures were
described previously (10)

Different sources of serum were tested for supporting
the growth of BM cells: rat serum{6), guinea pig serum,
human serum or FCS. 10% FCS was found to be the
best supplementing serum for BM cells in our system.
The optimal cell density, mitogen concentration and
culture time were also investigated Optimal stimulation
indices were obtained by culturing 2x 105 — 10 x 105
BM cells/ml for 5 days in the presence of 10 pg/ml of
PHA, Con A or LPS. 3H-thymidine was added to the
cultures 18 hours before termination Neither the
optimal concentrations of mitogens or cells nor the
culture time were changed as a consequence of the
fractionation procedures employed (see e.g Table 2)

Morphological characterizanon of cells and their
Sractionation on columns. The {ollowing assays have been
described 1n detail previously: T cells were identified by

means of a cytotoxicity assay employing anti-@ antiserum

incubated on one or more consecutive plastic flasks; in
such cases NA cells were poured directly into the new
flasks. Optimal incubation time was 45 minutes If the
incubation time was extended for longer times, the
number of macrophage-like cells was further reduced,
but then also B cells and cytotoxic ADCC effector cells
were removed to a sigmficant extent.

Treatment with carbonyl-iron and magnet (Fe) and
combinanon of Fa and Fe techniques. Lymphod cell
suspensions were depleted of phagocytic cells using the
Fe technique (5). 20 mg of carbonyl-iron per 10 ml was
found to be optimal for specific removal of macrophage-
like cells from 20 X 106 cells/m1. More Fe or extended
incubation times {more than 30 minutes at 37° C) caused
non-specific reduction in the number of T, B or K
lymphocytes. However, a more sigmficant depletion of
macrophage-like cells without significant depleuon of T,
B or K lymphocytes was obtained by combining the Fa
and Fe techniques. This was done either by first
incubating the cells with Fe and then on Fa (Fe + Fa), or
by incubating the cells with Fe in a Falcon flask (Fa/Fe)
(see Table ).

Crtotoxicity against antibody coated target cells
(ADCC assay). The cytotoxic potential of mouse thymus,
spleen or BM cells against antibody coated chicken
erythrocytes (Ab-CRBC) was determined as described

TABLE 1. Content of Macrophages in Spleen Cell
Suspensions before and after Fractionation®

and complement (10), B cells were i
EA- or EAC-RFC complexes (E =sheep erythrocytes
(SRBC), A =anti SRBC antibody of 75 or 19S class
respectively, C'=C$ deficient mouse serum (10} or by
using a B
identified by their ability to stain with acridine orange
(AO) (5) or to phagocytize Latex particles (9), Affinity
columns were made by coating glass beads with either
human serum albumin (HSA), mouse immunoglobulin
(1g). HSA anu-HSA or Ig anti-Ig complexes (17, 18}
Adherence to plastic surfaces Lymphord cells adjusted
to 10 x 106 cells/ml were incubated for different umes
on the surface of Falcon plastic flasks (no 3024) in a
volume of 10 ml (Fa) After incubation. non-adherent
celts (NA) were shaken off gently. centrifuged and
resuspended 1nto the volume reguired {9) Adherent cells
were eluted by incubatng the flasks with 5 ml of FCS/
F13 medwum containing 5§ mM EDTA for 15 minutes at
37° C The cells obtained by this procedure (not all cells
were removed) were washed twice n EDTA-free
medium and resuspended 1nto a the volume reguired (AE
cells) In some expenments NA cells were further

Fractionation, Acrnidine Orange Latex particle
technique® staining cells phagocytizing celis
C 100 100
Fe 9+21 912
Fa 13£53 1826.0
Fe+Fa 3£09 508
by using

HSA-column 21+81 2992
Ig-column 19274 23£4.3
HSA anu-

W' HSA column 130 9x36
Ig anti-
Ig column 609 703

2) Means of 14 experiments. Number of acridine orange
stamning cells and latex phagocytizing cells 1n non-
fractionated cells (C}=73% 08 6 1% =04 {onc
standard deviation), respectively These figures are
arbitrarily given the value 100 and the content of

m cells 18 d 1n

relation thereto

by Fe=cells treated with carbonyl-ron and magnet.
Fa = cells incubated onto Falcon flask for 45 minutes
at 37° C, Fe+ Fa = cells treated first with Fe and then
with Fa. Cells were also passed through columns
coated with HSA. -HSA or Ig anti-Ig
complexes.



TABLE 2. Mttogenic Responses of Mouse Spleen Cells Depleted of Adherent] Phabocy tic Cells®

Spleen cell fracuonation®

Motogen/m! [ fe Fa Fe+Fa
809 11324 10,296 12935
10yePHA x5 0465 42473 20879
o 4701 8053 5395 8259
» X
asg 14110 513 1512
1yeconh Tis 56,557 45479 52426
oo 4376 19643 3082 5,690
» X
31476 27,158 26,505 32,469
Rorers 31476 35417 33510 3w
"o 24,864 22780 %076 2,620
- 95 927 763
‘;2:\;?5“(:{15 248 419 362 425
% EAC-REC 159 108 132 85
% AO/Latex pos cells® 83/69 0906 16015 Q303

%) 106 spleen cells/mt culture Incubation time = 3 days Results are expressed as Acpm = cpm in mitogen stimulated

cuftures minUs Cpm tn wastimulated cultures
®) See Table !

9 AQ = acridine atangs stammng cells, Latex pos. celis = cells phagocytizing Tatex particles (See also Table 1)

previously (18) The results are expressed as percentage
spearfic SICr release. 1e SCr veleased from 7S Ab-
CRBC munus $'CT release from uncoated CRBC by the
different kinds of effector cells Culture ume was 18
hours and spontaneous release from CRBC was <2 §
per cent. Cytotoxteaty by thymus, spleen or B cells in
absence of antibody was <5 0 per cent

Statistics The mutogemc cultures were made in
tripiicate as described Geometric means and SD {one
standard deviahon} were calculated The results are given
as 1) cpm (anti-logio to the geometrc means) 2)
Acpm = cpm m Mitogen sumulated cultures mnus cpm
12 upstimulated cultures The SD 18 not stated 10 order to
‘make the tables and figures less complex. and because the
vanaton between the three cultures very seldom
exceeded $ per cent 3) SF = sumulation factor =cpm in
mntogen stmulated cultures &wvided by cpm 1m vnSHMU-
lated cultures The Student’s test was used to determune
the degree of mgmficance, 1f needed

RESULTS
In Vitre Actuities of Macrophage Depleted Thymocy-
tes and Splenocy tes
Non-fractionated thymus and spieen cells and
celis fractionated on a plastic surface (Fa), treated
with Fe or with the Fe + Fa combimation of the two
techniques, were tested for thewr prolferative

responses against PHA, Con A or LPS and for their
ADCC activity. In addtion, the number of @
positive cells, EA- ot EACRFC and macrophage-
fike cells was determined. Table 2 gives the resulis
of one out of five experiments. It may be concfuded
hat depletion of macrophage-like cells by any of the
methods used has no dramatic impact on the
miogenic response of spleen cells {13, 14). Howe-
ver, ireatment with Fe caused a five-fold reduction
in the cytotoxic potential of spleen cells {daia not
shown) as found by others (6}

The PHA or LPS response of thymocytes was
either the same of somewhat enhanced after
depletion of macrophage-like cells, whereas the Con
A response was signuficantly reduced. However, the
adherent cells (AE) eluted with EDTA were
ennched for cells responding to Con A and LPS
(Table 3, (2)) Non-fractionated or NA thymocytes

displayed no ADCC acuvrty, but AE th ocyte:
did (Table 4) v ®

Morphological Observations on BM Cells Fractiona-
ted by the Different Methods

The mean recovery of live nucleated BM cells
after the different fractionation procedures sed in
the present study can be seen in Tabls 5. Whereas
the adherence/phagocytosis procedures gave reco-
venas around 80 per cent, the recavery of BM cells



TABLE 3. Mitogenic Responses of Mouse Thymus Cells Depleted of Adherent/ Phagocy tic Cells

Thymus cell fractionation®

Mitogen/mlb C Fa-NA Fa-AE Fe Fe+Fa
3,615 1,288 3,275 1,960 2,044
10 pg PHA 20,994 31,186 22,853 25,497 27,833
1 pgCon A 88,323 32935 138,587 13,487 10,528
10 pg LPS 2,605 2,822 19,235 3745 3187
% Recovery - 51.3 56 90.5 59.2
% EA-RFC 0.86 0.21 3.28 047 0.18
4 Mit D are d as cpm per culture This experiment is one of 11 experiments with similar
results

%) 5% 106 cells/mi except Con A cultures (= 2.5 % 106/ml)

¢ C = non-fractionated thymus cells. Fa = cells incubated on a Falcon flask for 3 hours, (NA) = non-adherent cells
which were poured off and (AE) = adherent cells which were eluted with EDTA. Fe = cells treated with carbonyl-
iron and magnet, Fe + Fa = cells treated with carbonyl-iron on a plastic flask.

after the column fractionation procedures was about
30 per cent. The number of BM lymphocytes in
non-fractionated cell suspensions was about 30 per
cent, and this number was somewhat enhanced after
Fe treatment and HSA column fractionation (40 per
cent). Thus, there was no selective decrease of BM
lymphocytes by our fractionation procedures. It
would rather seem that non-lymphocytic cells are

TABLE 4 ADCC Acivity of Non-fractionated and
Fractionated Thymocytes Compared with thai of Spleen
ells?

Cytotoxicity against

Ab-CRBCe

Effector % EA-  Target effector cell ratio
Cells® RFC 1.4 P20 1.100
Thymocytes-C 12 14 21 39
Thymocytes-NA 02 01 04 02
Thymocytes-E 62 44 101 163

12 110 150
Spleen cells-C 387 122 334 662

) This experiment 1s one of | | experiments with sinular
results

b) Thymocytes (from C57 X CBA mice) were adsorbed
onto Falcon flasks for 3 hours at 37° C/5% CO2
NA = non-adherent cells (recovery = 61 %),
AE = adherent cells eluted with 5 mM EDTA
(recovery = 3 4%) All celt suspensions were washed
three times before ADCC assay

) Spontaneous release of Ab-CRBC = 39%

removed non-specifically, thereby increasing the
number of BM lymphocytes. The specific columns
would then retain those BM lymphocytes with the
equivalent specific surface markers {8, FcR, C3R or

Tg).

In Vitro Activities of BM Cells Depleted of Macrop-
hage-like Cells

BM cells were weakly but significantly stimula-
ted by PHA or Con A. They were very significantly
stimulated by LPS (Table 6). Removal of Fe

7 -7/2;5
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Fig. 1. Cytotoxicity of mouse bone marrow cells against
Ab-CRBC before and after removal of adherent and/or
phagocytic cells 0— 0 =pon-fractonated. ®-@ = Fa,
O-0 =Fe, V-V =Te+Fa.



TABLE 5. Morphotogical Characterization of Ba Cells Subjected to Cell Fractionation®

% % %4 % % % Ig
F‘r::"e‘:ik::n Recovery  Lymphocytes  pos cells EA-RFC EAC-RFC pos cells
9 61
(4 100 302 33 189 22.
Fa 32 318 42 Qa7 243 -
Fe %Q 403 39 17.6 29.1 -
Fa/Fe 3 381 45 158 s -
Iz 40 316 5.1 23 53 10.2
HSA 37 363 39 175 69 29
$1SA ann-HSA 30 392 50 08 28 143
Iganu-ig 28 423 41 03 07 02

3} % cells with a gven surface marker are calcuted on the basis of the number of viable. nucteated cells in the bone
marrow % lymphocytes is determned by differennal counts of smeats of bone marTow cells stained with May-
Grunwald/Gimsa Stain —=not done The results are mean values of ¢ expertments

b} Cells were euher non-fractionated (C) or fractionated on Falcon flasks (Fa), with carbonyl-iron and magnet (Fe) or
with Fe i a Falcon flask (Fa/Fe) or passed through columns coated with HSA, Ig. HSA ant-HSA or Ig ant-Tg

complexes

phagocyhizing cells had no impact on the responses
0 PHA or Con A, whereas the LPS response was
mcreased about 2-fotd (Table 6). On the other hand,
removal of plastic surface adherent cells d

TABLE b. Effect of Remosing Adherent andlor Phagoos -
tic Cells from Bome Marrow Cells on their Subsequent
Muogenic Responses®

the responses to PHA or Con A. whereas the LPS
response seemed to be reduced slightly (Table 6).
Both procedures appear to have little or no influence

Bone martow cell fracucnation®

Mitogen/mt c

Fa Fe  Fe+Fa
on the ADCC actvity of BM celis (Fig. 1, (3%
- 1214 1639 147 1218
In Vitro Actnines of B Cells Subjected to Affimuy 0pg PHA 2649 4011 2724 2593
Column Fracnonation » ConA 2213 4161 2160 2630
BAI cells were fractionated on glass bead columns » LPS 16008 13610 27442 13,666

coated with 1g. HSA, HSA anti-HSA or Ig anti-Ig
complexes The HSA or Ig columns should function
more or fess like the adherence technigue described
1n the previous secton, w hetezs the HSA anti-HSA.
or Ig ant-lg columns in additien should remove

TABLE 7 Summary

% 5 x 103 bone marrow cells per mi culture Results are
expressed as ¢pm  This expenment 15 one of 9
expenments with simifar resolis

) See Table 1

of the Effect of Affimty Column Fractionation on the Mutogenic Responses of Mouse Bone Marron
ise

BM celfs fractonated on columns coated with®

\Mitogen/ml C

HsA A HS\anti S g amutg
- ©7% (681
104g PHA 328 6.060 i e el
> o 1873 1489 L5711 1034 T
11308 43217 4329 19389 non

# Mean of fise separate experiments 5 x 105
BY
&cpm (See Table 2) e

" C = non-fractionated See Table |

per ml culture Culture ime =
fom In unsumulated cultures 1s given s

.3
in brackets y$ Results are expressed as
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Fig. 2. Cytotoxicity of mouse bone marrow cells against
Ab-CRBC before and after fractionation on affinity
columns 0 -0 = non-fractionated, ®-® =HSA;
V-V =Ig: P; O-0 =HSA anti-HSA: P A-4A
anti-Ig:P (see legend to Table 7).

FcR* /Ig* cells, respectively. The column fractiona-
tion procedures reduced the Con A responses of BM
cells, whereas they augmented the PHA responses
non-specifically (Table 7). However, all columns

and the B cell mitogen LPS; 2) cytotoxic activity
against Ab-CRBC. The resulls showed that BM
cells responded weakly to PHA or Con A and very
well to LPS. Removal of adherent cells had no
signigicant effect on these responses. whereas
removal of phagocytic cells increased the PHA and
LPS responses (Table 6). The PHA response was
increased after passage through Ig anti-Ig columns
((6) but the reduction of Con A response was
similar to that seen with spleen or thymus cells {10).
The LPS response and the number of Ig* lymphoid
cells was greatly increased following passage
through HSA anti-HSA columns. However, follo-
wing passage through Ig anti-Ig columns, the LPS
response of BM cells was reduced to a level similar
to that of non-passed BM cells, whereas the number
of Ig* lymphoid cells was reduced by more than 95
per cent. The cytotoxic potential of BM cells against
Ab-CRBC was not changed after removal of
adherent or phagocytic cells, but was much reduced
following passage through columns coated with

d Ig or antig tibody (Fg. |
and 2).

One purpose of the present study on the in vitro
functions of BM cells before and after fractionation
was to compare the results of such studies with the
results obtained with fractionated BM cells in vivo.
These in vivo studies may be summarized as
follows: Column fractionation had no impact on the
B cells or spleen colony-forming cells On

except the Ig anti-Ig column d the LPS
response about 3-fold Passage through an Ig ant-Ig
column resulted in a cell population significantly
depleted of FeR*-, C3R*-, or Ig* cells and
phagocytic cells (Tables | and 5), but nevertheless
this cell population does give an LPS response
comparable to that of non-fractionated cells (Table
N

BM cells passed through Ig, HSA anti-HSA or Ig
anti-Ig columns showed a very reduced ADCC
actwity (Fig. 2). BM cells passed through an HSA
column showed a cytotoxic potential which was
only somewhat reduced (compare resuits i Fig. 1).
The reduction of cytotoxic activity of BM cells
passed through Ig columns could mean that the FcR
on BM cells have a relatively high awidity for
aggregated Ig (some aggregation of Ig during the
preparation of the Ig columns cannot be avorded).

DISCUSSION

Two functional activities of BM cells in vitro were
investigated before and after fractionation according
to adherence/phagocytosis or adsorption onto affi-
mty chromatography columns: 1) Proliferative
responses against T cell mitogens PHA or Con A

the other hand, passage through Ig anti-Ig columns
removed mature BM B cells and precursor T cells
7).

Since pre-B cells were not removed by our
fracti ion p we can Jude that pre-
B cells are non-adherent, non-phagocytic cells with
fittle Ig, FcR or C3R on their surface and with no
ADCC activity. They would seem to respond to
LPS in the same way as mature Ig* BM B cells
Thus, the LPS responsiveness would seem to be a
relatively safe functional marker for the B cell
lineage (1.8}

As regards the pre-T cells, the present results ar¢
more difficult to evaluate Two findings are of
particular importance 1} Mouse bone marrow
contains relatively many lymphoid cells with
ADCC potential. and these ADCC reactive cells
fractionate together with BM Con A responding
cells and with pre-T cells, ie they are retamned on
HSA anti-HSA and Ig anti-Ig columns. 2) the
thymus contains cells with ADCC potentiat (Table
4), These thymus cells also respond vigorously to
Con A (Table 3) and are 8 positive (unpublished
data), Thus. the FCR* BM cells with ADCC actreny
might either be the actual BM pre-T cells or cells
which were necessary for the differentiation of BM




pre-T cells into thymic T cells. In both cases, it
could be expected that FeR* cells with ADCC
actvty would be found in the thymus. 'T'h:
conception that FcR* cells with ADCC activity
were the BM pre-T cells is supported by recent
reports that T cells might express ADCC activity a,
11, 12, 19, 20). However, further isolation of and
functional studies on the FcR* BM cells with
ADCC activity are necessary m order to clarify this
ssue
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THE PREVALENCE AND POSSIBLE SIGNIFICANCE
OF IgD GRANULOCYTE-SPECIFIC ANTINUCLEAR
ANTIBODIES IN NEUTROPENIC AND
NON-NEUTROPENIC CASES OF RHEUMATOID ARTHRITIS

ALLAN WIHK and HENRIK PERMIN

Laboratory of Immunology., Unnersity Chimic for Infectious Diseases, Rugshosputalet, Copenhagen.
Denmark

Wuk. A & Permin, H The prevatence and possible
anubodies 10 and
scand Sect C. 86 19-22, 1978

of IzD pecific ;
d arthnds Aca path microbiol

Sera from 21 rheumatoid arthnius patients with (=2000 ;.b)
and 45 rheumatoid arthrins patients without neutropenia were studied for the occurrence of I3

gramulocyte-specfic anunuclear anubodies Such antibodies were found m 67 per cent of the
neutropentc and 18 per cent of the non-neutropenic cases {p<<0 001) The titres of IgD granulocyte-
specific anunuclear antbodies vared independenty of the utres of 1gD and complement-fixing
granulocyte-speaific antmuclear antibodies, but showed some corariauon with granulocyte-specific
antinuctear anubodies of the IgA and IgM classes most probably reflecung a broad polyclonal antibody
response to phagocyte nuclear anugens in the serofogically highly active neutropenic cases Gel fil-
traton studies on selected sera contaming IgD granulocyte-speafic anunuclear antibodies 1ndicated

parucipation of these anubodies 1 mmune complexes
cyle-specific anunuclear anubodies may have some

It 1s thus possible that 1gD granulo-

for the 4
processes
Key words anubodies, gD, arthnitis,
A Wuk. Laboratory of Department M 18319, B 1, DK-2200
Copenhagen N, Denmark
Received 201077 Accepted 20 1x 77 (24) Another aum was 10 establish whether or not
The role of 13D class immunoglobulins n health  such ibodies may i) in ci
and disease 15 not yet fully established It has been  smmune complexes in RA and thus be suspected of
postulated that 1gD may play a i having i igrfi
role m certain situations since IgD has been found
n the glomerular lesions of various chronic
glomerulonephritides {11 12, 17) and 1n cutaneous MATERIALS A} ETH
vasculis (19) and smce autoantibod:es of the 1gD ’ 1S AND M 0DS

class have been detected (3,5,9-11,13. 16,18, 24)
The purpose of this study has been to determine
the of pectii
antibodies (GS-ANA) and organ-non-specific ANA
(ON-ANA) of the IgD class 1n sera from rheuma.
toid arthnus (RA) paten exhibiting varying
degrees of serological activity, and to extend
previous observations of suchs antibodies m RA

Sera were obtained from 2| neutropenic {neutrophils =
2000/p1) and 45 non-nevtropenic cases of definie or
classical RA (14) The age and sex distribuuon of the
patents s lustrated 1 Table | The former group
Tepresents cases of very pronounced serologrcal activity
as has been pomted out in previous pubhcauens (1, 2,
15, 20-22, 25} For comrol Purposes we also studied
sera from 66 age and sex matched normal donors
without any signs of chronic diseases



Sera were studied for presence of IgG, IeM, IgA, IgD
and complement-fixing GS-ANA and ON-ANA s
previously described (23-25), and positive samples were
titrated in two-fold dilutions using phosphate buffered
saline pH 7.4 (PBS) as diluent. Fluorescein isothiocya-
nate labelled IgG fractions of rabbit antisera specific for
human y, p, and « chains as well as the human Bic
component of C3 were obtained from Dako, Copenha-
gen, and for human & chains from Behringwerke,
Marburg, Germany. The specificity of the anti-Ig
conjugates was checked by crossed

rophore-

TABLE 2. The Prevalence of IgD GS-ANA

Total Prevalence  Prevalence of

Patient Group. of IgD ANA (%). IgD GS-ANA (%)

RA with

neutropenia 81 672
RA without

neutropenia 27 182
Normal donors 0 0

sis and direct immunofluorescence technique on monoc-
lonal bone marrow specimens from patients with
myelomas {IgG, IgA. 1gD). macroglobulinaemia {IghM)
and on a continuously cultured myeloma E cell line
{kindly donated by Dr. K. Nifsson, Uppsala) (24, 25),
Results were read in a Leitz Orthoplan microscape
equipped for incident light itumination as already
described 1 detail (23) Rheumatoid factors were
demonstrated by the F I fatex fixation shde test
{Behringwerke, Marburg, Germany)

TABLE 1. The Age and Sex Distribution of the Groups

Studied

Patient Group: No- Ratio ¢/ J Age.

(%) {mean, range)
RA with
neutropenia 21 16/24 63 0(42-82)
RA without
neutropenia 45 77723 63 3(33-80)
Normal donors 66 76/24 630(33-82)

"

2X?=15.90,p<0 001

the normal control sera lacked IgD ANA activity.

To evaluate whether IgD GS-ANA titres showed
any correlation to the titres of other Ig classes of
GS-ANA, to complement-fixing GS-ANA or to the
titres of rheumatoid factors, all titre values were
compared by Spearman’s rank correlation tests (4)
No covariation was seen between IgD GS-ANA and
1gG GS-ANA titres; complement-fixing GS-ANA
titres or rheumatoid factor titres, Whereas some
covariation was seen between GS-ANA titres of
IgD and IgA (p<<0.02) and IgD and IgM (p<0 01)

on
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Eleven sera containg IgD GS-ANA were fi
ted on a G-200 Sephadex column at pH 7 35 using Tris-
HC1 buffer, 1=0 154 (21). Six of these sera were also
fractionated on G-200 Sephadex at pH 4 50 using acetate
buffer, 1 =0 154 (21). Immediately after the fractiona-
tion all of the latter fractions were neutralized to pH 7 4
by addiion of NaOH All fractions were studied
undiluted after dialysss against PBS for the presence of
1gD ANA

RESULTS

The prevalence of IgD class ANA 1n the two groups
of RA patients 1s illustrated 1n Table 2. The clearly
Tigher prevalence 1n the neutroperic group is due to
the occurrence of IgD GS-ANA i most of these
sera, whereas IgD ON-ANA was equally rare In
both of the patient groups. The difference in IgD
GS-ANA frequency 1s highly sigmficant (p<<0.001)
(4). Titration of the IgD GS-ANA showed a
maximum titre of 32 in both groups, but tl?e
geometrical mean titre was 5.9 1n the neutropenic
group and 1.4 in the non-pentropenic group. Afl af

Fig la 3 mt of serum from a patient with rheumatoid
arthritis and accompanying neutropenia subjected to
Sephadex G-200 gel filtration at pH 7 35 in Tris-HCI
buffered saline contaiung 0.02 M sodium azide,
1=0 154, @ designates IgD GS-ANA acuwity mn the
individual fractions obtained Abscissa Fraction no

9D
o

Fig 1b. 3 ml of the same serum subjected to Sephadex
G-200 gel filtration at pH 4 50 in acetate buflered saline
contaning 0 02 M sodium azide. =0 154 @ designates
IgD GS-ANA acuvity i the individual fractions
obtained after meutralization and dialysts against PBS
Abscissa: Fractioa na.



Fig laand Ib depict the gel filtration profiles ofa
representative serum at pH 7.35 and pH 4.50. 51
neutral pH 1gD GS-ANA is found bmhl in

lecular and i 78 i fractions
Indicating aggregation of some of the IgD antibo-
dies The eli of lar 1gD GS-

may be involved in serum aggregates which
probably represent immune complexes due to the
{act that the aggregates disappear at acid pH(6. 21),
though admittedly, such acid dissociability may not
be sufficient proof of the immune complex nature of
the (7). The IgD les bound to

ANA upon gel filration at acid pH probably
destgnates immune complex dissociation 6, 21)
Ten out of 11 sera fractionated at neutral pH
contatned macromotecular 1gD GS-ANA. while
only ore out of 6 sera stll showed presence of
macromolecutar IgD GS-ANA after acid fractiona-
ton However. all of the sera thus treated still
contained 7S IeD GS-ANA.

DISCUSSION

In a previous study from this laboratory, IgD GS-
ANA ¢ould be demonstrated 1n 11% of randomly
selected GS-ANA positine RA pattents (24). The
present study shows a very simular prevalence in
non-neutropenic cases of RA, however, a signifi-
cantly higher prevalence 15 found in neutropenic
cases A number of studies have

granulocyte nuctei and thus recorded as macmmo}e-
cular IgD GS-ANA could represent IgD anqbodxs
of other specificities such as antiglobulins as
discussed in previous communications dealing with
apparently macromolecular IgG and IgA. GS-ANA
(21. 23). The involvement of IgD in immune
complexes m RA js also made probable by the
observation that {gD GS-ANA were found i 3 out
of 4 cryoprecipitates isolated from sera of Felty
patients (4. Wiik, unpublished work}

The present study thus establishes the existence
of GS-ANA belonging to the IzD class of im-
munoglobulins, shows the hkely independence of
this class of GS-ANA from IgG. IgA. IgM and
complement-fixing GS-ANA as well as classical
rheumatoid factors, and indicates a high prevalence
of 1gD GS-ANA in neutropenic cases of RA where
they seem to participate in circulating immune

Th s e

pronounced serological actwvity in this particular
group of RA patients which often have high serum
titres of rheumatond factors (2, 15, 25), high titres of
1gGand IgM GS-ANA (22. 25) and shows presence
of complement-fixing GS-ANA (25), considerable
amounts of circulation immune complexes (1, 8, 20,
21), exhubits hypocomplementaemia (8) and often
teakage of GS-ANA 1nto the urtne probably due to
latent 1mmune complex glomerulius (22). The
common demonstration of IgD GS-ANA 1n these
Ppatents most probably designates a massive polyc-
lonal antibody response to nuclear antigens from
degrading phagocytes after their ivolvement in
type I reactions n the circulaton {1). The
covanation between IgD and IgA and TgM GS-
ANA titres, respectively, supports this notion of a
broad polycloral response. Unwanted cross-reacti-
vity with other Ig classes of one more of the
conjugates used cannot be completely excluded as an
explanation of this covariation due to the higher
sensivity of the mdurect than the direct immuno-
fluorescence techmque used for the specificity
controls On the other hand, the existence of a
number of sera contaming high tieres of IgA or ieM
GS- ANA 1n the absence of 1gD GS-ANA and vice
versa makes the latter explanation less Iikely.
IgD has been detected tn the glomerular deposiis.
m glomerulonephritis and it has been hypothesized
that IgD thus migt have some significance for the
mmune complex mediated tissue damage (i1, 12,
17} The present study more directly shows that IgD

e of these
findings remains to be established.

The skilful technical assistance of Mrs Tove Dretz and
Mrs. Ulla Haby is gratefully acknowledged Dr. Viggn
Faber 1s thanked for reviewing the manuscript This
study was supported by a grant from the Natonal
League Against Rheumatismr. and from the Danish
Medical Research Foundation, grants no §12-3212 and
512-3648.
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Following a single inyection of 200 mg streptozotocin/kg BW, 25 out of 25 m;;x:zl mice became
diabetrc, whereas 12 (= 20%) out of 59 athymic nude mice did ot develop diabetes. 1 .
in a muluple dosage experiment, where the same total dose was gven over a 5 days p.emd,' nlomu
2nd 15 athymic nude muce all became duabetic, but nude mice had sigmficantly lower blood glucose
values These results support our previous suggestion that a thymus dependent mmune reaction 15

m pant,

for the effect of
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The nduction of diabetes meltitus with streptozo-
tocun 1n experimental ammals, especially mice, 1s 2
standard model 1n the study of diabetes (Rerup
1970)

A total single dose of 200 mg streptozotocin/kg
Body Weight (BW) mvarably induces diabetes
mellitus n normal mice (Rerup & Tarding 1969)
We tried 10 induce diabetes melhtus 1n athymic
nude mice with the same single dose and found less
sensivity 1n these muce than m normal mice
Buschard & R)gaard 1976) We suggested that the
absence of a cell-meduated immune response in nude
mice might account for the different outcome.

Recently, Like & Rossing (1976) reported a more
slowly developing diabetes mellitus in normal mice
after adminsstration of 40 mg streptozotocin/kg
BW for five days. te the same total dose as 1n the
single dosage experiments mentioned Islets of
erhans were infiltrated w 1th lymphocytes. Like
& Rossuu also suggested a cell-medsated mmune
feaction to be involved

We have compared the reaction of normal mce
and athymic nude muce 1o both single and multiple
dosage injecuons of sireplozotocn 1n order to

K. Denmark.

further elucidate the possible role of thymus
dependent immune responses in  sireptozotocin
induced diabetes mellitus.

MATERIALS AND METHODS

Mice

Three groups of mice were studied

18 week old mude muce, mostly males. the outeome
ofthe 1011 backeross mating to BALB/c These mice
were bred at the Patologisk-anatomisk insttut, Koy,
nehospialet, Copenhagen (PAI), or purchased from Gi
Bomholtgaard, DK-8630 Ry, Denmark (BOM)

2} B week old normal BALB/e, mostly males,
purchased from BOM.

3) 8 week old NSH muce. all males
The NSH muce have been bred at the Nordic Insulin
Laboratory, Gentofte, Denmark.
Muce from PAI and BOM were bred un
conditions, NSH mice und
unng expenments all mice were kept conventionally,
t%0by tw0 in Makrolon® cages, type 1 NSH mice were
kept at the Nordie Insulin Laboratory, a11 other muce at
PAlas formerly described Ry gaard 1973), Autoclaved
;'obod pellets and sterile drinking water was supplied ad
i
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Fig 1 Blood glucose values of mice 1 stngle dosage experiments.
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multiple dosage expenments
0se values of mice tested on the
¢ abscissa are given with 2 SEM

Fig 3 1slet of Langerhans of streptozotocin treated
normal mouse, day 6 after treatment  Stight
Iymphocytic infiltrauon is seen. H & E.5 20,

normal BALB/c mice examined by day 6 after
multiple dosage treatment was there shght lympho-
€yue infiftration of isters of Langerhans (Fig. 3)



Streptozotocin

Streptozotocin originates from Upjohn (Kalamazoo,
Mich. USA). In single dosage experiments streptozotocin
was diluted 1n saline. To normal mice and nude mice,
200 mg/kg BW was injected in the tail vein within 4 min
of preparation. In multiple dosage experiments, strepto-
zotoxin was diluted in citrate buffer, pH 4.2, immedia-
tely before intraperitoneal injection, Forty mg/kg BW
was given daily for five successive days.

Experimental groups

Streptozotocin treatment was given to 59 nude mice, 8
BALB/c and 18 NSH 1n single dosage experiments, and
to 15 nude mice and 14 BALB/c in multiple dosage
experimenls.

Of the latter, 2 and 7, respectively, were females

Controls: in single dosage experiments, using saline
for dilution, no buffer controls were injected. Reference
blood glucose values were taken from other experiments,
and Z 200 mg/100 ml was considered diagnostic of
diabetes. In multiple dosage experiments, 7 nude and 7
BALB/c mice were injected with citrate buffer;1 and 4,
respectively, were females.

Blood Sampling and Testing

Blood for glucose determinations was collected in 50
i pipettes from the paraorbital venous plexus of non
fasting animals In single dosage experiments blood was
taken once a week, in multiple dosage experiments every
2-3 days for the first 9 days, cfr. Fig |

Blood glucose levels were determined spectrophoto-
metrically ion with or luidin rea-
gent.

Obsenation

Animals were observed daily, and spontaneous death
was registered In single dosage experiments, all
survivors were used for transplantation experiments
(Buschard & Rygaard 1976) On day 6 after termination
of the multiple dosage scheme, 17 of the mice were
sacrificed for histological study 6 streptozotocin treated
nude and normal muce, and 3 and 2 buffer controis
respectively. Other animals were sacrificed n terminal
condition or at the end of experiments

Histology

Tissues were taken and prepared for histological
study Following formalin or Boun fixation, specimens
were embedded in paraffin, cut at 5 pm and staned ;n
hematoxylin and eosin and aldehyde fuchsin (Lillie &
Fudmer 1976)

Statistical Studies .
The Mann-Whitney U test was used as significance

test

RESULTS

Single Dosage Experiments

Out of the total of 59 streptozotocin treated mice,
18 (= 31%) died within the first week of
experiment, before blood samples were taken
Results of blood glucose testing in survivors are
given in Fig. 1. Diabetic blood glucose values, je
Z 200 mg/ 100 ml, are recorded in the figure when
first obtained, within the first or the second week of
experiment. Blood glucose values for individual
mice not becoming diabetic are all results of second
week measurements in order to be sure that such
animals are not just slow responders. These mice
were followed for several weeks and never devel-
oped signs of diabetes.

A total of 29 nude mice {= 49%) became
diabetic with average blood glucose vatues of 395
+50 (2 SEM).

Twelve (= 20%) nude mice did not become
diabetic after the arbitrary criterion of diabetes
applied in this single dose study, chosen as high as
blood glucose = 200 mg/100 ml. These animals
had an average blood glucose of 152+ 24,

Out of the 8 normal BALB/c mice, 1 died. The
average blood glucose value of the 7 survivors was
442 + 103, and all were individually diabetic.
Likewise, all normal |8 NSH mice became diabetic
(459 = 53). Blood glucose values for both of these
groups are given after one week.

Mudltiple Dosage Experiments

Resufts of muitiple dosage experiments are
shown in Fig. 2. Average blood glucose values of
mice tested on the day denoted by the abscissa are
given with 2 SEM.

It is seen from the figure that blood glucose
values are going up already after 2 days out of the 5-
day-treatment. This increase is significantly higher
(days 2-22) in treated nude and normal mice as
compared to buffer controls (p < 0 on. If
streptozotocin treated nude and normal mice are
compared, it will be seen that nude mouse blo_od
glucose values are lower than values in normal mice
from day 5. The difference between the levels in-
creases and is statistically significant from day 7 (p
< 0.05). Blood glucose values of buffer injected
controls remain unaffected during the period of the
experiment. Female mice of both groups had
slightly lower blood glucose values than male, but
statistical testing showed no significant difference.

Histology .
The hi ical ination of the p of

normal and nude mice showed lamelx normal
findings. Only in 2 out of 6 streptozotocin treated
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DISCUSSION

This study has confirmed our previous finding that
nude mice respond weaker to the diabetogenic effect
of streptozotocin than do normal mice.

This is true both in single and multiple dosage
experiments, using the same total dose of 200 mg/
kg BW.

Nude mice are born athymic, thus lacking
thymus-dependent i resp i.e. the abi-
lity to raise a cell-mediated immune response
(Pantelouris 1968; Rygaard 1969, 1973). As
normal mice of the background strain show a more

ced ponsiveness to str in, we
have suggested that a cell-mediated reaction is a
cofactor in the devel of str i
diabetes (Buschard & Rygaard 1976). This prelimi-
nary finding of a differential response in nude and
normal mice in the single dosage model has now
been confirmed in the multiple dosage model.

That it is especially the lacking immune response
of the nude mouse which seems to determine its
lesser response to streptozotocin may be derived
from the following preliminary observations
(Buschard to be published):

Nude BALB/c mice were injected with spleen
cells from normal BALB/c mice. This procedure
will lead to a total or partial immunological
reconstitution (Kindred & Weiler 1972). Streptozo-
tocin was given a week later according to the
multiple dosage model. The nude mice injected with
spleen cells had, both after 2, §, 7 and 9 days
significantly higher blood sugar values than did
streptozotocin treated control mice. Apart from the
second day (as in the present study) the blood sugar
values did not, however, quite reach the level of the
corresponding normal mice, but — as already
mentioned — the reconstitution may not be comp-
lete.

The multiple dosage model was introduced by
Like & Rossini (1976). They used Charles River
CD-! mice and found a slight delay in the devel-
opment of diabetes as compared with the single
dosage model, in that early signs of diabetes were
found only by day 4 vs. day 2. Furthermore, they
demonstrated a lymphocytic infiltration of islets of
Langerhans, which, they, too, took as an indication
of an involvement of the immune system.

In our opinion, the finding by Volk & Wellmann
(1976) that cortisone pretreatment of mice will lead
to a less pronounced diabetogenic effect of strepto-
zotocin 1n single dosage, can also be interpreted in
favour of an involvement of the immune systen,
supposing that the effect of cortisone is via 1ts
immunosuppressive activity. .

However, most nude mice did become diabetic in

single dosage experiments, and all nude mice
became diabetic in the multiple dosage experiments,
although to a significantly less degree than normal
mice. This suggests that streptozotocin may cause a
primary damage to the insulin producing cell,
secondarily further accentuated by an immune
reaction. It is known that streptozotocin is toxic to
the B-cell via a depletion of cellular NAD (#}se &
Dulin 1971; Schein et al. 1973,) an effect that can be
abrogated by pretreatment with nicotinamid (Schein
et al. 1967).

Like & Rossini suggested the involvement of a
cell-mediated immune reaction because of their
finding of a lymphocytic infiltrate in the islets of
Langerhans. We have not seen similar massie
infiltrates in the islets of our mice, normal or nude.
Like & Rossini used Charles River CD-1 mice, we
used BALB/c. This may well explain the difTerences
in histologica! findings. These authors also found
large numbers of C-virus particles in the islets of
their diabetic mice. We have found no evidence of
C-virus particles in our material. (Buschard &
Rygaard, unpublished).

The concordant functional test underline, howe-
ver, that such inflammatory changes are not
necessary to bring along the secondary effect that
we also suppose to be immunologic on the basis of
our previous and present findings.

Whatever the antigen, and whatever immune
reaction involved, our findings 1n nude mice and
Like & Rossini’s findings in normal mice suggest
that the antigen is thymus-dependent.

Present work in our laboratory is aimed at the
classification of what type or types of immunologi-
cal reaction are involved.

K.B. 1s a research fellow of the Michaelsen Foundation
Jytte Kreemmer gave skilful technical assistance The
study was supported by the Damsh Medical Research
Councif grant nr 512-5732 Our thanks are due to all
mentioned
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DISCUSSION

This study has confirmed our previous finding that
nude mice respond weaker to the diabetogenic effect
of streptozotocin than do normal mice.

This is true both in single and multiple dosage
experiments, using the same total dose of 200 mg/
kg BW.

Nude mice are born athymic, thus lacking
thymus-dependent immune responses, i.e. the abi-
lity to raise a cell-mediated immune response
(Pantelouris 1968; Rygaard 1969, 1973). As
normal mice of the background strain show a more
pronounced responsiveness to streptozotocin, we
have suggested that a cell-mediated reaction is a
cofactor in the development of streptozotocin
diabetes (Buschard & Rygaard 1976). This prelimi-
nary finding of a differential response in nude and
normal mice in the single dosage model has now
been confirmed in the multiple dosage model.

That it is especially the lacking immune response
of the nude mouse which seems to determine its
lesser response to streptozotocin may be derived
from the following preliminary observations
(Buschard to be published).

Nude BALB/c mice were injected with spleen
cells from normal BALB/c mice. This procedure
will lead to a total or partial immunological
reconstitution (Kindred & Weiler 1972). Streptozo-
tocin was given a week later according to the
multiple dosage model. The nude mice injected with
spleen cells had, both after 2, 5, 7 and 9 days
significantly higher blood sugar values than did
streptozotocin treated control mice. Apart from the
second day (as in the present study) the blood sugar
values did not, however, quite reach the level of the
cotresponding normal wice, but — as alweady
mentioned — the reconstitution may not be comp-
lete.

The multiple dosage model was introduced by
Like & Rossini (1976). They used Charles River
CD-1 mice and found a slight delay in the devel-
opment of diabetes as compared with the single
dosage model, in that early signs of diabetes were
found only by day 4 vs. day 2. Furthermore, they
demonstrated a lymphocytic infiltration of islets of
Langerhans, which, they, too, took as an indication
of an involvement of the immune system.

In our opinion, the finding by Volk & Wellmann
(1976) that cortisone pretreatment of mice will lead
to a less pronounced diabetogenic effect of strepto-
zotocin in sigle dosage, can also be interpreted 1n
favour of an involvement of the immune sy§le{n,
supposing that the effect of cortisone is via its
jmmunosuppressive activity. .

However, most nude mice did become diabetic in

single dosage experiments, and all nude mice
became diabetic in the multiple dosage experiments,
although to a significantly less degree than normsl
mice. This suggests that streptozotocin may cause 2
primary damage to the insulin producing cell

ily further by an immune
reaction. It is known that streptozotocin is tovic t0
the B-cell via a depletion of cellular NAD (#3se &
Dulin 1971; Schein et al. 1973,) an effect that can be
abrogated by pretreatment with nicotinamid (Scheit
et al. 1967).

Like & Rossini suggested the involvement of 2
cell-mediated immune reaction because of theif
finding of a lymphocytic infiltrate in the islets of
Langerhans. We have not seen similar massive
infiltrates in the islets of our mice, normal or nude.
Like & Rossini used Charles River CD-1 mice, we
used BALB/c. This may well explain the differences
in histological findings. These authors also found
large numbers of C-virus particles in the istets of
their diabetic mice. We have found no evidence of
C-virus particles in our material. (Buschard &
Rygaard, unpublished).

The concordant functional test underline, howe-
ver, that such inflammatory changes are not
necessary to bring along the secondary effect that
we also suppose to be immunologic on the basis of
our previous and present findings.

Whatever the antigen, and whatever immuné
reaction involved, our findings m nude mice an
Like & Rossini’s findings in normal muce suggest
that the antigen is thymus-dependent.

Present work in our laboratory is aimed at the
classification of what type or types of imniunologi-
cal reaction are involved.

KB s 2 researth feliow of e Michaelses Foundatar
Jytie Kreemmer gave skilful technical assistance The
study was supported by the Damsh Medical Research
Councif grant nr 512-5732 Qur thanks are due to all
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The study describes passive transfer of diabetes melitus by transplamauon of spleen cells from donor
mice 1nfected with 2 diabetogenic encephalomyocarditis virus Inbred normal C57 mice were used as
both donors and recipients. and other recipients were C57 athymic, nude mice Transplants were rpade
n two senies after 12 and 22 days duration of infection of the donors, Tespectively. All recipients
became duabetc The possibility of varus transfer with the spleen cell ransplant 15 discussed, and found
to be hughly improbable The fact that passnve cellular transfer can be effected pomts to a decisne
sigmficance of the thymus dependent lymphocyte system m the pathogenesis of the primary diabetes
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The following describes transfer of a virus
mduced diabetes mellitus, confirmed by glucose
tolerance tests. by transplantation of spleen cells

An earler study (2) implicates the thymus
dependent lymphocyte system 1n the pathogenesis of
diabetes induced by encephalomyocarditis virus
(EMO) 1t was concluded that 1t was a thymus
dependent immune response rather than the virus as
such that destroyed the tnsulin producing cells This
Pathogenetic postulate led to the following study
designed to examune the possibility of passive
Celtular transfer of a virus induced diabetes

MATERIALS AND METHODS

Experimental Ammals

Donors v enty six eight w.e<k old normal bred male
CS7/BL/6/BOM muce served as donors

Fourteen were mected with the virus, 2nd 12 with the
ST free vehcle

Reciplens | thirty six animals of the same age, sex
and breed as the donors and 2 thirty tw.o eight week old
;"Ldfs)mm {1t backeross of gene transfer 10 C57/

DK-1399 C K. Denmark.

Approximately half of the reciprent mice {thurty erght)
were transplanted with spleen cells 12 days after the
donors Were infected, and the remamnder afier 22 days
(see Table 2. which also differentiates between experi-
mental and control 2mmals) All mice were Ppurchased
from Gt Bomholtgaard, Laboratory Ammals Breeding
and Research Center, DK-8680 Ry. Denmark

The mice were reared under specified-pathogen-free
(sph-cond Over the period the
animals were kept 1n parrs 11 Makrolon® cages (type I1)
at the Royal Veterinary and Agricutral University of
Copenhagen Autoclaved feed pellets (Gl Bomholtgaard)
and sterife drinking water was supphed ad hb

Virus, Virus Assay, and Vipus Inoculation
An M

(EMC). known 10 be dia!

Batch of virus was yy
of mouse fibroblasuc
ml Mice were mnocul:

rated 1n L-cells (established cell line
cells) 0 a titre of 1035~ TCIDso/
ated intraperitoneally with 0 2 my

Spleea Cell Preparation and Inoculation
{mmediately on sacrifice of

the donor mice, the spi
Was removed and fine deal i

It 1 BSS wih surgical



tweezers. Connective tissue elements were removed, and
the remaining cell material was agitated with a pipette to
effect cell separation. The test tube was then placed on ice
(or five minutes, over which period there was sedimenta.
tion of the larger particles. The supernatant was then
drawn off and diluted to a volume of 10 mi per spleen,
The suspension was centrifuged at 200 G for 10 minutes
at 4° C. The supernatant was discarded, and the cell
remnant placed in 1 ml BSS Cell concentration was
adjusted to §x 107/ml after total counts made after
Tirk's staining in a counting chamber. A standard
transplant of 4x 107 viable cells in 0.5 m} BSS was
injected intraperitoneally into recipients Control recipi-
ents received similar transplants from donors injected
with virus free vehicle.

Virus Antibodies

All recipients were examined for the presence of
neutralizing antibodies to EMC virus three weeks after
the spleen cell inoculation. Blood samples were taken
from the paraorbital venous sinus with a 50 pl pipette.
Serum from the mice was pooled in pairs, and a
conventional neutralization test performed of EMC virus
cultured in L-cells.

Meabolic Studfes

Surviving virus treated mice underwent glucose
tolerance tests (GTT) at two and three weaks after virus
inoculation Recipient mice were tested at two days and
at one, two and three weeks after \be spleen cell
transplantation The two day test in mice transplanted
with cefls from donors 2 days after infection was
performed in only about half of the animals. Otherwise
all surviving animals Wwere tested

After 24 hours fasting, glucose 2 mg/g BW was given
intraperitoneally. Blood samples were taken from the
paraarbital venous plexus with 25 yl pipettes at time 0,
30 and 60 mmvutes Blood glucose levels were deternuaed

h ically by the or dine method

Srausncal Sdies
The Mann-Whitney U-test was applied to determine

sigmificance

RESULTS

Results of GTT's are shown in Tables { and 2, Only
the 30 minutes values are recorded. These are the
most relevant for the GTT method used (Figs. |
and 2 show all three time values). Blood sugar
values are recorded with 2 SEAM. and \Yhere there is
statistical  difference between experimental and
control animals, this 15 denoted. Tablg 1 concerns
donor mice, and 1t can b2 seen that the virus infected
mice consistently display highqr blood_ sugars than
the controls (p<00l), 3 finding which confirms

previous reports ).

TABLE . Glucose Tolerance Test Results in Donor Mia

Glucose tolerance test

Donor mice Values at 30 min — mg/100 m)

2 weeks Iwechs
Virus C57 (7) 308292 {6) 292247
Control C57 @ 18230 (6) 175£20
2. P00

Average blood glucose values = 2 SEM,
{ ) number of mice 1n each group

Table 3 concerns recipient mice. The two day
study shows no effect in normal mice and moderate
effect in the nude mice, but at ope week a
experimental animals display statistically signifi
cantly higher blood sugar values than do U
comparable controls. At two weeks the difference
is yet more marked, though not in nude mitt
transplanted from donors after 22 days infection In
this group there were only two survivors among the
controls, and blood sugars were tending to norma-
lize in the surviving experimental animals. At three
weeks, blood sugars in the mice transplanted front

mg/
100m!
3004

"7

0 30 50
min

Fig 1. Glucose tolerance test results afier 1Wo wechs 1

recipient mice transplanted with spteen ceits from donars.

12 days after infection

Continuous hne = normal muce

Broken line nude mice
Open circles recipients of virus fymphocytes
Filled circles = contrpl mice

{confidence s 2 SEX)

2 most markedly diabetic test results



TABLE 2. Blood Glucose Values in Normal and Nude Recipient Mice after Spleen Cell Transfer

Glucose tolerance test
Values at 30 min — mg/100 m

Donors sacnficed
Donor on day Reciprent 2 days 1 week 2 weeks 3 weeks
(transplant day)
=z ® (12) 216+ 297
Vi Cs7 (6) 16714 (12) 225=33+ (12) 265 234
(\:;:ﬁgsgs'/ g Cs57 @ 171220 (9173214 (6) 171212 {6) 14728
= b (1) 2352330 (3) 164231
i 7 12 CSTou/ou (7)) 188=112 (8) 202=29'
22;:‘;35(?57 12 C5Tnu/nu (S} 155227 (6) 152216 (S) 171216 -
'l 2 Cs7 8) 172225 (8) 2342372 (5) 274280 (5) 298 =92
(‘;:15257 2 Ccs? 159210 (D 17217 () 172238 ($) 168217
Virus C57 22 C5Tpu/mu  (8) 183162 (8) 2112275 (4) 136246 (4) 142233
Control C57 22 CS5Tnu/nu  {6) 148223  (6) 150+ 13 - -
2 P<00S
® P<00)

Average blood glucose values 2 2 SEM () number of mice in each group

ma/
100rgnl
300

200

30 60

min
F1g 2 Glucose tolerance test results after three weeks?
(normal mice) and one weel

k? (nude mice) following
\ansplantation of spieen cel's from donors 22 days after
e

nfection

Continuous hne = normat mice

Brokenlne = nude mice

Open arcles = recipients of virus Jym,
phocytes

Filled crrcles e

= control mice
{confidence hmts 2 SEAD

2 most markativ e

st results

donors after 12 days infection were falling (the
majonity {five out of seven) of nude controls had
died), but the normal mice transplanted from
donors after 22 days infection displayed their
highest blood sugar levels Figs. | and 2 show
complete GTT curves for mice at the time of peak
effect. This was at two weeks in both nude and
normal mice transplanted from donors after 12
days infection (Fig. 1), but at one week (nude mice),
and three weeks (normal mice) in the Tecipients
transplanted from donors after 22 days mfection.
Time O values are approXimately the same in both
experimental and control animals, but clear diffe-
Tences are apparent at 30 minutes

Studies for neutratizin,
1 24 mice (oude and n

dy indicate that a diabetes
induced by a diabetogenic
transferred 1o a2 recipient
n of spleen cells. Presuppo-
transfer of virus, the study
trongly SUpport an earljer

virus can be passively
anmal by transplantatio,
sing that there is not
resulls as a whote §



tweezers Connective tissue elements were removed, and
the remaining cell material was agitated with a pipette to
effect cell separation. The test tube was then placed on ice
for five minutes, over which period there was sedimenta-
tion of the larger particles. The supernatant was then
drawn off and diluted to a volume of 10 ml per spleen.
The suspension was centrifuged at 200 G for 10 minutes
at 4° C. The supernatant was discarded, and the cell
remnant placed in 1 ml BSS. Cell concentration was
adjusted to 8 X 107/ml after total counts made after
Turk’s staining in a counting chamber. A standard
transplant of 4 x 107 viable cells in 0.5 m! BSS was
injected intraperitoneally into recipients. Control recipi-
ents received similar transplants from donors injected
with virus free vehicle.

Virus Antibodies

All recipients were examined for the presence of
neutralizing antibodies to EMC virus three weeks after
the spleen cell inoculation. Blood samples were taken
from the paraorbital venous sinus with a S0 gl pipette.
Serum from the mice was pooled in pairs, and a
conventional neutralization test performed of EMC virus
cultured in L-cells

Metabolic Studies

Surviving virus treated mice underwent glucose
tolerance tests (GTT) at two and three weeks after virus
inoculation Recipient mice were tested at two days and
at one, two and three weeks after the spleen cell
transplantation. The two day test in mice transplanted
with cells from donors 12 days after infection was
performed in only about half of the animals. Otherwise
all surviving animals were tested.

After 24 hours fasting, glucose 2 mg/g BW was given
intrapenitoneally. Blood samples were taken from the
paraorbital venous plexus with 25 pl pipettes at time 0.
30 and 60 minutes. Blood glucose Jevels were determined
h 1cally by the orthotoluidine method.

P D

Statistical Studies
The Mann-Whitney U-test was applied to determine

significance.

RESULTS

Results of GTT's are shown in Tables | and 2 Only
the 30 minutes values are recorded. These are the
most relevant for the GTT method used (Figs. |
and 2 show all three time values). Blood sugar
values are recorded with 2 SEM, and where there is
statistical difference between experimental and
control animals, this is denoted. Table I concerns
donor mice. and it can be scen that the virus infected
mice consistently display higher blood sugars than
the controls (p<<0.01). 2 finding which confirms
previous reports (2).

TABLE 1. Glucose Tolerance Test Results in Donor \Mice

Glucose tolerance test

Donor mice Values at 30 min ~ mg/100 m!

2 weeks 3 weeks
Virus C57 (7) 308292 (6) 292247
Control C57 (4) 18230 (6) 17520
a: P<0.01

Average blood glucose values = 2 SEM
} number of mice in each group.

Table 2 concerns recipient mice. The two day
study shows nio effect in normal mice and moderate
effect in the nude mice, but at one week all
experimental animals display statistically signifi-
cantly higher blood sugar values than do the
comparable controls. At twa weeks the difference
is yet more marked, though not in nude mice
transplanted from donors after 22 days infection. In
this group there were only two survivors among the
controls, and blood sugars were tending to norma-
lize in the surviving experimental animals. At three
weeks, blood sugars in the mice transplanted from

mg!
10051
300+

T

0 30 €0
min
Fig 1. Glucose tolerance test results after two weeks®1n
recipient mice transplanted with spleen cells from donors
12 days after infection

Contnuous line = normal mice

Broken line nude mice
Open circles recipients of virus lymphocytes

Filled circles = control mice
(confidence hmits 2 SEN)

2 most markedly diabetc test results
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N DY TEST FOR
AN INDIRECT IMMUNOFLUORESCENT ANTIBOI
DETERMINATION OF RUBELLA VIRUS SPECIFIC IgM ANTIBODIES

Etiminanon of Secondary IgM Rheumatoid Factor Staming afier Absorptiom of Serum IgG with
Staphylococeal Protesn A -

Kiell Skau and Per har Gaarder

The Microbiological Laboratory. Ullevil Hospital and Department of Immunology.
Natonal Tnsttute of Public Health, Oslo. Norway

Skaug. K & Gaarder. P 1 An indirect immunofluorescent antibody test for determination of rubella virus
specific Ig\ anubodies  Elimination of secondary IgM rheumatoid factor staiming after absorption of
serum 1gG with staphylococeal protemn A Acta path microbiol scand Sect C. 86 33-35. 1978

Absorpton of sera with protein A rich staphylococc: ehminated unwanted secondary IgM statning caused
by rhevmatord factors m the indurect smmunofluorescence test for rubella virus antibodses The absarpuon

did not lower the sensiun 1ty for IgM rubella anubod

1es as compared with the haemagglutination mhibition

test on the IgM serum fractions obtained by uliracentrifugation

Key words Rubella, IgM antibodies.

test. protein A abs

K Skaug, The Microbiologicat Labaratory. Ulleval Hosptal, Oslo 1. Norway
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The wndirect smmunoftucrescence (IF) techmque has
Poen used successfully for the detecon of rubella specific
serum antibodies In this test the 1M antibodies are far
more easily detected i 1G-depleted. IgM contaimng
serum fractions than m whote serum (3.9) In addmion.
when testing whole serum, T\ theumatord factor (RE)
may bind to 1¢G virus antibodics resulung 1n a false
posttise IgM antibody test (13, 16. 18) To prevent ths
umwanted staning by RF in the IF test, pretreatment of
$€78 \With aggregated human gammaglobulin (13, 16) o
Joih ant-y-Fe (51, to remose either the RF or the serurm
1eG respectively. has boen assayed

The elimination of 15G
S aurcus has been used

(uorescence

Materials and methods

Sera Thinty serum Specimens from pauents wyth 3
serologically confirmed acute and. prevsous rubelta
wnfection, were collected for thus study and stored at
=20°C for 6-12 months  All the

mngwerke A/G) An
the IF tests were performed on coded sera

Forty-five RF positive sera w
Ppatents with rheumatoid arthry

within this range
Absorption of serum G by protern Alstaph Jo

The 156G anubodies were absol from lhe’se‘ﬂrl‘;;r:

Proten A ich S aureus, Cowan I strayg @ 11 prepareg

as described by Jonsson & Kromaif (

$as added to0 0 57 mj of

of staphylococer 1n phosphate by



postulate that a thymus dependent immune re.
sponse is responsible for islet B cell damage rather
than the virus as such.

An immediate reaction to these cc could

longer period of infection. It is possible though, that
the antibodies found in very low titre in recipients of
cells from donors after 22 days infection could be

djuncti i in increasing the degree of the

be that the whole is explained by transfer of active
virus together with spleen cells, but this is highly
improbable:

a) Recipients of spleen cells from donors sacrifi-
ced 12 days after infection displayed nil titres of
virus antibodies. Mice primarily infected with the
virus display titres at 1:250 after two weeks and
1:1250 after three weeks (Buschard, to be publis-
hed). The antibody trace found in mice transplanted
with cells from donors sacrificed 22 days after
infection, hardly reflect virus infection, but rather
the transfer of B lymphocytes, stimulated in the
donor to produce virus antibody. The fact that
antibody trace is only found in recipients receiving
transplants from donors after 22 days infection can
reflect findings from a concurrent study that
antibody titre is higher in donors after 22 days
infection than after 12 days infection (Buschard, to
be published).

b) Virus can be cultured from donor mice, but
only in very small quantities, from heart and
pancreas, organs for which the virus has greatest
affinity, as late as the 12th day after infection
(<10 of that quantity which can be cultured on
the 4th day). but after 17 days ail cultures are non
productive yet more certainly so on the 22nd day
(Buschard, to be published).

¢) Another consideration ol weight is the reac-
tion of the nude mouse: the animal displays a
diabetic GTT curve after spleen cell transplant, but
not after infection with the virus (2). The logical
postulate is that the active agent is not viral.

Finally (although not as a real argument in this
context) it should be mentioned that passive transfer
has been demonstrated i an analogous study of
chemically (streptozotocin) induced diabetes melli-
tus Spleen cell transplants were performed 12 days
after the 1nitiation of streptozotocin treatment of
the donors at which time donors were markedly and
increasmgly diabetic (1), The present study involved
transplantation after 12 and 22 days infection of the
donors with the virus Table 2 shows that diabetes
was more marked in recipients of cells from the
Jatter donor (22 days infection), which may reflect
more marked dubetes in donor ammals after the

y
primarily cellular diabetogenesis. This possibility is
being investigated.

Other authors (4) have studied passive transfer of
allergic adrenalitis and encephalomyelitis in rats
effected by lymph node cell transplants. It was
found that cells in the recipients collaborated in the
destructive process initiated by the donor lymph
node cells This was evidenced by negation of the
pathological effects of the donor cells in sublethally
irradiated recipients. A similar collaboration'mecha-
nism might be involved in the passive transfer of
virus induced diabetes.

If s0, the nude mouse must be possessed of the
mentioned adjunctive cells. These cells cannot be
thymus dependent in the athymic nude — and are
therefore unlikely to be thymus dependent in
normal mice. — But of primary importance in the
pathogenesis of both primary and transferred
diabetes would seem to be the thymus dependent
immune system as suggested in and by this present
study and previous viral studies (2).

K B. is a Research Fellow of the Michaclsen Foundation
Tove Vang and Site Krammer gave shilful technical
assistance,

The study was supported by the Damsh Medcal
Research Council grant nr 512-6534
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cooct on the RF actwuty, the RF ttces were examined
both before and after absorpion OF the 45 sera tested.
16 had unchanged utres, while 23 and & had a uure
veduced by one and tw0 twolold steps. respectnely.

Discussion
The rubella spectfic 1¢G and IgM serum anubodses are
commonly demonstrated by the HI method on sucrose
gradsent fractons However. some difficulies have been
reported such as tatling of IgG tto the IgM fraction (15)
a0 the madequate removat of non-speafic Inhibitors (8)
The metnod 1 Tather tme-consumung. and an IF test for
rapid detection of specific IgVf antibodies has been
developed
Severa) previous reports have shown a hugh seasiuviy
of the rubetla and other virus IgA! Nuorescence tests for
demonstratng the virus specific 12\ antibodses in serum
fracuons with reduced 1gG concentration (3. 9, 171
When whole serum 1s tested, the g\ anubody staming
may be rather weak This 1s probably due to competition
between the different tmmunoglobulin classes for the
same virus antigenic determnants, and/or that the larger
12 molecules 8o not reach virus anugens in the cells as
efficiently as the smaller [gG molecules In this investiga-
tion, a simifar effect wzs observed For the five rutelia
12\ 2nubody sera utrated an the IF test, somewhat
Migher IF tures were detected with the absorbed sera
Furthermore, the specific granular fluorescence was
much more disunct and easy to read 1 the 1gG absorbed
speamens. as these tests were almost free from non-
specific staimng Both Hi negauve and postuve rubella
1g\ sera were examimed and whea the IF test was
performed with absorbed sera. there was complete
agreement bers een the results of the H1 and IF tests
Tt has been shown that RF positve sera with virus
speatfic 13G antibodies only may give pasitive Ight IF
tests The RF presumably seact with 1gG anbbodies
attached to intracytoplasmuc viral antigens mn the fixed
¢ells. thus giving non-specific fesults This 1S 2 serious
disadvzntage, and diflerent rethods for elimucatng this
disturbing secondary IgM fluorescence have been repor-
ted §5. 13 16) In the present work. all untreated sera
that contamed both RF and rubella speafic leG
antbodies showed a positive IgM IF test. while the RF
Postlie scra without demonsirable rubelia 126 antibo-
dics were negative 1n the IgM test However, after
treatment of the specimens with protein A/staphylo-
cocer, the secondary fluarescence was elimunated, with
the exczpuon of one symple with high utred RF This
vesidual fluorecence was, however clearly also caused
by RF. since it was completely remosed afier absacption,
»th nsolubitized 156G
Saphylococtal peotein & Teacts wih human .G
subclasses 15Gy 1¢G2 and [¢Gy, and thus absorpuion
it staphylocden selecunely removes these three IgG
sub-classes (11 It iy of mterest that the RF most
(requentty encoumiered an sera from pauents with
cheurmatod anthrins 1 directed against an anugen, Ga,
present on all [5G molecules of these same throe sub.
<lasses. w hile another common RF specificity reacts with

Gmia) anugen of [3G1(6) Thus absorpuion of serz with
staphylococes remaves the three 186G sub-classes most
commonly involved in reacuons with theumatoid
factors, thus preventing the interference of RF i the IgM
IF test The protein A/staphylococei absarption of the
serum 1gG does not pasticularly affect the RE activaty of
the serum specimens, Since the RF utres were unchanged
or only weakly reduced after absorption

The present 1z 1F test 15 a convenient and reliable
test for demonstration of rubella specific IgM antibodies
and 1s well swited for routine and screening serolagy. It
arcumvents both the problem of reduced and uawaated
secondary 1gM staining when tesung whole serum The
techruque compares adequately with the sensiuvity and
specificuy of the Hl method on sucrose gradient
fractions
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pH=7.4. Immediately after mixing, the bacteria were
pelleted by centrifugation, and the supernatant was tested
for rubella IgM antibodies by the IF test. To ensure thata
sufficient number of bacterial cells was added to the
different sera, twice the number of cells needed for
absorption of the IgG from a serum poot from several
tilood donors was used. After this treatment, 80 per cent
of the IgM and only 5 per cent of the IgG still remained
in the supernatant of samples from the serum pool, as
determined by 1adial immunodiffusion.

Absorption of rheumatoid facior, 0.1 ml aliquots ol
some al the RF positive sera were mixed with 20 mg heat
denaturated (64°C for 20 minutes), glutaraldehyde
insolubilized human 1gG (2) suspended in 0.4 mi PBS.
The solutions were mixed ly for 3 hours at
room temperature and then overnight at 4°C. The
samples were centrifuged at 4°C and the supernatants,
cosresponding to a five-fold dilmion of the serum, were
tested by the IF techmque.

The indirect immunafluorescence fest was performed
on glass slides, using smears of BHK-21 cells infected
with a high multiplicity of rubelta virus. strain
RA-27/3, fixed in acetone for 10 minutes at 4°C. The
serum dilutrons were incubated with the cell smears ina
moist chamber at 37°C for | hour for determination of
1gG antibodies and for 3 hours for determination of IgM
antibodies. They were then washed and incubated for 45
minutes with suitable dilutions of fluorescein isothiocya-
nate conj d rabbit anti-h 1gG and anti-hi
igM anubodies {Dakopauts A/S), respectively. The
conjugates were tested for specificity as described by

TABLE 1. Rubella Virus IgM Antibody Titres in Haem-

i {HDand I e(IF)
Tests Performed with Unabsorbed Serum and Serum
Absorbed with Protein A/Staphy lococci

Thibin

IgM titre
Serum  HI IF test
No. test*  Unabsorbed serum Absorbed serum
1 32 10 20
2 16 20 40
3 16 10 10
4 32 5 20
5 32 5 20

* The titre of the IgM sucrose fraction showing the
strongest reactivity.

{Table 1). For the five sera investigated, the IF titres were
somewhat higher with absorbed serum specimens than
with whole serum. When testing unabsorbed sera,
several specimens showed a non-specific Muorescence
which was difficult to distingutsh from the specific IgM

rubella staining
The 30 coded sera, 14 of which showed rubella Ig\
antibodies detected 1n the HI test after sucrose gradient
were d by this IgM IF test The

Skaug & Tyotta (17). Only a typical y green
granular cytoplasmic fluorescence was regarded as
positive. For screening, the sera were tested in ten-fold
dilution for detection of 1gG antibodses and in five-fold
difution for detection of IgM anttbodies. The glass slides
with the fixed cells could be stored at 4°C for several
months without appreciable loss in their specific
reactivity in the IF test.

The haemagglutination inhibinon fest was carried out
according to the method described by Halonen et al. (7).
The 1gC and IgM anubodies were sepacated by
ultracentrifugation of serum on a 10-40 per cent sucrose
gradient at 100,000 x g for 24 hours

Rheumatoid factor test Our modification of the
Waaler-Rose test was petformed . microtitre plates
with U-wells, each well containing 50pl of serum diluted
1n 0 15 per cent bovine serum albumin 1n PBS (BSA/
PBS)and 50 pl of a 0.3 per cent suspension 1n BSA/PBS
of human 0 erythrocytes sensiized with approximately

Y of an agglutinating amount of rabbut IgG antibodies to
human erythrocytes Sedimentation patterns were read
after incubation at 4°C overmght

Results

Sensinvity and specificity of the rubetla Igf. {F rest To
compare the IF and the HI tests for detecting the rubcllla
speaific 1gM antibodies, the IF test was performed with
whole serum and with serum absorbed with smphy}o-
cocct and the HI test w ub sucrose gradient fractions Five
acute phase sera from rubella pauents were utrated

sera with specific IgM antibodies showed a positive IgM
IF test and the specimens with rubella 3G antibodies
only, showed a negative IgM IF test

Interference of RF with the IgM IF test The 45 RF
positive serum were ined bed
and after absorption with staphylococer m the JF sest
When tested unabsorbed, 40 RF sera with a positne
rubella IgG IF test showed a posttive IgM IF test Alfier
absorption all these sera, except one, were negative n the
rubella 1gM TF test The remaining five sera whach were
negattve in the rubella IgG IF test, were also negative 10
the IgM IF test both before and after absorpuon of 15G

‘After absorption, the serum which was weakly
positive m the IgM IF test had 5 per cent IgG left, but
still had an RF titre which was reduced from 8000
4000 only. This serum and 14 other RF positive serd
were treated with heat denaturated insotubiized buman
1gG One absorpuon reduced the RF ntres by from 16 t0
more than 256 times The one serum with a posiuve IgM
IF test after absorption with staphylococct then showed a
negative IgM IF test However, one of the remainng sera
which had a RF titre reduced from 4000 to 32, was sull
positive. Alter two addiional absorptions with insolubi-
Jized 1gG. this spectmen showed an RF utre below 16
and a negative 18M IF test Generally, the IgM IF testson
unireated RF posiuve sera showed such latense fluore-
scence in some samples (hat a granular pattern was
dyfficult to observe.

To check the effect of the absorption with staphylo-
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nd P aeruginosa and preseating multiple

2 cysue fibsosis (CF} pauents chromucally wafected with muco: ’

:)Rcciy:“ms :n serum against this bacterwm and 12 patents wuthout £ aeruginosa wfecuon were exanuned

for f solubte w thete ol phase by a onsums h: ay
the results obtatned 1n the th o

and a sohd phase sheumatowd (actoe binding assay The corvelation between A

assays wasz\gmﬁf:am (r=0625.p<0 01) The pavents chromaally infected with P aeruginesa showed a

sigasficantly (p<<0 01 tugher (requency of immune complex activity 1n therr sputum sol pbase, as compar-

ed 10 the pauents without £ aerugeosa lung wlect:ion These findings point to the possibility that chronie

lung infecuan with mucowd P aeruginosa in CF may be an immune complex disease
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In wing formation of soluble wmmune complexes 1n
serym have recently been demonstrated wn patients with
eysuc fibrosis (CFY (19) These findings were clearly
associated with pauents sufferng from cheome P
derugiansa lung infections wha are knowa to have a
pronounced humoral 1mmune response and 2 goor
prognoss (10, 18}

The ongia of the anugen(s) particrpating 1 the
tmmune complex formation has not been established
However immune complex formation 1 the fungs
between P asruginosa antigens and the large number of
spealic precpiuns formed o these anugens have been
Proposed earlier as a possible explanaton (8, 11, 18)

‘The purpose of the present study therefore has been to
nvesigate the occurrence of soluble immune complexes
0 e sputemn sol phase in CF patients with chroni £

atruginoss infecuon compared to CF patsents without P
Geruginosa mfecton

Fatients and Methods

FPanems Twemyfour CF pauents were inctuded in the
swdy AW patents had a typical lustory of CF and
marked efevated sweat electrolytes in repeated tests {5)
Routine studies of the Jung functzon showed a reduced
wital capacity and peak expiratory flow fate as compared
wab normal values (22)

) One group consisied of 12 CF pauents {5 Temales, 7
ales, median age 16 5 years, range 3-29) sulfering
from chronic safection with mucoid strains of P
aeruginasa (CF+P) and exhibiung more than 10
different preciptins §n serum agamst waler scluble
antgens from these bactema The Pauznis have been
followed as previausly described (8.9) Mean duration of
the P geruginosa vespweatory tract infection was 45
years (range {~7}

{n) The other group comssicd of 12 CF patienss 16
females, 6 mates, median age 13 years, range 7-21)
Without P, geruginosa infectian (CF-P) and wity none or
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%o (NHIBITION IN S0LID PHASE RF-BINDING ASSAY

Fig 2 Correlation betw¢en the complement consump-
10N 1651 and the rhewmatord factor binding assay 18
st fibrosis patients were examined for immune
complex actvity 1n the sof phase of sputum by the tvo
asays {r=0625. p<0 0D

0 mdwates panents chronically nfected with P aerugi-
nosa

+ indicates patients without P geruginosa mnfecuon

both of the hemoglobin release wn the CC test and the
spearfic binding of AlgG 1 the RF-BA than sputum
from panents 10 the CF-P group. p<0 01 (Figs 1 and 2)
These findings méwcate the presence of soluble ammune
complexes 1n the sputum of CF pauents chroncally
infected with mucoid P aeruginosa A Spearmans
analysis showed a postme correlation betw een (he data
obtained by the two assays {r =0 625, p<<8 01} Only 18
patents were tested by RF-BA because of lacking
sputum material

Discusston

Payents wih CF suffer from recurrent and chrome
bacterial tung safecuon (9} Chrome lung fecuon caused.
by P aeruginusa presents the most severe problem today
€I5) The pronounced antibody response agamst the
wnfecung bactena nowbly P aeruguiosa (14) and the
persivtence of the bacteral 2atigens during the chromic
infecton psovide suitable condiions for the formation of
mmune complexes 1n the tungs of CF pauents Qur
sudy mdicates that i vivo formaton of sotuble immune
complexes does take place 1n the lung 10 CF patents. and.
predominantly in patents suffering from chronic mfec-
tions with mucoid P geruginosa  These patsents have a
mulutude of precipiating P aeruginosa anubodies 1n
their sera The presence of these precipitating anubodies
In serum has been shown 1o correlate to the presence of
antbodies in sputym of CF patents (8, but there was
ol enough sputum (rom out pauents 1o permn a
simuttancous study of immupe complexes and precip-
tins Howeer, 1 scems reasonable to assume that the
immune complex acuvity we have demonstrated in the
SPutum of the CF+P patents s due to ymmune

complexes formed by F. aerugnosa anugens 3nd sv‘ec‘ﬁc
P precipns E lhe,

immune complexes previously demonstrated in serum of
the CF +P patients (19) may well originaie from the
Iungs. Definute conclusions do however require idenufi-
cateon of the specific antigen(s) and /ot antbodics in the
immune complexes 1 sputum and serum which 15
attempted 1n studies under way. .

The €C test most effectnely detects immune comp-
Jeses formed 1n shzht 10 moderate anmbody excess an
Thus may explam w hy immune complex actvity was not
detected tn one of our CF + P patients, who presented a
very pronounced antibody response against P aerug-
rosa (30 precipitns)

Qur results 2lso point to the possibilay that immune
complexes can be formed in the lungs of CF patents
during infections caused by other microorgamisms than
P aerugnosa . as the spuum sol phase of 2 CF-P
pauems suffenng from S aurens and probably wiral
fesptratory infection. eespectively, also extubited suong
inhibimon of hemoglobin release suggesung immune
complex activity. The complement consumption obser
ved with spuum from the CF patem suffening from S
aureus yfecuon coutd possibly atso be due W comple-
ment activation tnduced by complexes of 13G with
protemn A of S aureus 20)

The indicated presence of complement actnaung
rmmane compleras 1 sputea sat phase and thev close
correlation to chromwe mfection with mucod P aerugi-
nosa as well as the occurrence of many P gerugimosa
precipitins 10 the patient’s sera may etplain why these
tafections are associated with a poor prognosss in CF
pavents (15) Complement activation followed by
attraction of neutrophuls. release of lysosomal enzymes
from the neutrophils with tisue damaging effect and
actvanon of th system, the kinn-gf g
system and the fibnnolyue system through the Hage-
mann factor are the mechanisms of immune complex
nduced ussue damage (2. 4. 7. 16) Hypersensitivity
Teactions o P aeruginose antigens have abo been
demonstrated tn vivo 1n CF + P pauents, supporung the
concept of immune nssue damage 1n these patients (13)

According to our results, chronic lung 1nfection with
mucord P aerugiosa 10 CF patients. ike several other
chronic infections {23} may turn out to be an smmune
complex disease But a swdy of the pathogemc
tmporiance of the immune complexes found 1 sputum
of CF pauents 1 necessary 1o provide the full evidence
The possible thetapeutical corsequences of our findings
ts currently tnvestigated
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few serum precipitins against P. aeruginosa antigens. In

Solid phase rheumatoid factor binding assay A
1 1 r factor (RF) 1gM preparauon,

9 of the CF-P patients S anreus, H. infh E. colior
K. ozaenae were isolated from the respiratory tract
during this study.

Sputum. A 3-h-sample of sputum was collected at 4°C
from each patient between 8 am. and J] am as
described previously (1, 18) Each sample was subjected
o bacteriological examination and the origin of the
specimens from the fower resprratory tract was confir-
med by studying the epithelial cells present (9, 18) Sol
phase of sputum was obtained by nliracentrifugation at
120.000 x g (maximum value) at 4°C for 4 h and stored
in smali aliquots at ~ 80°C (18).

Crossed 1mmunoelectrophoresis. The occurrence of
circulating precipitating antibodies in serum against P.
aeruginosa were investigated by means of crossed
i is H as described
previously (10) A close correlation between the presence
of precipitating antibodies in serum and sputum sol
phase has been observed (18)

Complement consumption assay The complement
consumption test (CC) was performed as previously
described (17) All sputum samples were tested within
the same day and again two days later. The mean value
of these deter ions is as per cent inhibati
of hemoglobin release produced by the samples from
each patient A standard preparation of P aeruginosa
antigens, whech produced 60 immunoprecipitates when
tested by crossed immunoelectrophoresis against a rabbit
antiserum to P aeruginosa (12), was included 1n the CC
test as antigen control. The introduction of this antigen
preparation into the test system had no significant
mfluence on the degree of hemoglobin release as
compared to when the buffer control alone was used
The antigen preparation was tested m concentrations
equal to or exceeding those found 1n sputum from CF
patients (18) The analyucai error of the CC assay was
determined through a pertod of gne month wm 10
different tests using a standard monomer human 1gG
preparation (8ug/mb) The total coefficient of vartation
was 3 5%

Preparation of 125[-labelled, aggregated {gG Aggrega-
ted 1gG (A1gG) was prepared by heaung 20 mg human
1eG (Cohn's fracton 1] Kabi, Stockholm. Sweden) 1n 1
ml NaC!-Tween-BSA solution at 63°C for 12 min Two
ml of the aggregated material was filtered on a Sephadex
G 200 column (2 6% (00 cm, Pharmacta, Uppsaia,
Sweden) equilibrated with 001 M Tns-HCl buffer
containing 0 5 M NaCl and 0 02% NaN3, pH 8 0 The
column was run at 4°C and the flow rate was 5 m/hour
The fractions cluted tn the first peak (= 22S) were
pooled and concentrated to 10 mg/ml lodination of the
heat aggregated material was performed by the lactope-
roxidase method (21} The labelled preparation ao
yCifpg protemn) was separated from free 1odide on a

small Sephadex G-25 column and stored at —60°C.

isofated by column chromatography, and a RF negatne
IgM simularly 1solated from normat human serum way
used for coating plastic tubes (6). The latex globulin
agglutination titer of the RF IgM preparation was 1280,
(0.5 mg protein/ml). The tubes were incubated with § g
of each 1gM preparation in 1 m! PBS for 18 hours at
room temperature, thereafter the tubes were washed 3
times with a 0.10 M NaCl solution containing 0 2%
BSA and 1% Tween 20 The test sample (final dilution
1:800) and 50 ng of 1251 AIgG in | ml NaCl-Tween-
BSA solution was added to each tube and the tubes were
incubated for 3 hours at room temperature. Control
tubes recerved only the indicator 1251 AlgG preparation
in NaCl-Tween-BSA. All tubes were washed 3 times
with PBS and bound counts were determined in 2
Biospan scintiflation detector (Nucjear Chicago) Results
were expressed as per cent inhibition of specific binding
of 1251 AlgG to RF IgM (counts bound to RF Ig\M -
counts bound to control Igh). In routine testing of serum
samples for immune complex activity the total coeffictent
of variation for the solid phase rheumatoid factor
binding assay (RF-BA) was 12%.

Stanstical methods. The Mann-Whitney test and
Spearman’s test were employed and a significance fevel
of 5% (double tarled test) was chosen (3}

Results
The sputum sol phase of the panents in the CF+P
group caused a sigruficantly higher degree of 1nhbition
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Fig 1. Anticomplementary activity in the sol phasc of
spatum from patients with cystic fibrosis determined by
a test Degree of anti
mentary activity in sol phase of sputum from patients
with cystic fibrosis with (CF + Pand withaut (CF-P} 7
aeruginosa infection, p<0 01,
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Lancefield extract of streplococey BIOUP A type 1S preciputates cerain human serz and aggluunates red

cells comted with some 1gG anu-Rh antibodies

The frequency of precipiation saries between

poputations The serum component i the precpuate Is 126G The results indicate that an sso-atlopie

marker 15 detected by the extract

Key words Lancefield extract, h

1gG. ! . Gm markers, humaa Ig

C Schalen. Institute of Medical Microbjology. University of Lund, Solvegatan 23, S-223 62 Lund,

Sweden

Accepted as submitied 16 1 78

Tn 1959, Wood & Schramm {12) described a capitiary
Pprecipiation reacuon between Lancefield-extract of
group A. 1ype |5 streptococer and all of the 137 human
normal sera tested n some respects the

supernaiant was removed and kept at 4°-8°C. The
following day a cloudy precipuate was removed by
centrifugaton at 3,000 g The final volume of this
extract, used m all expenmeats, was 150 ml and whe
protemn content, determened as described (10, 2 mg/ml

factor responsible for the precipitauon resembled the M
Protewn, while the serum factor partaipziing was aot
characterized

Many sireptococar including group A. ype 15, have
receptors for human IgG (2, 4. 8) Extracts ad modum
Lancefield are known to contain these receptors (3} It
was thought worth while to find out whether this
Lanczfield extract had in fact properties of an anti-human
gammaglobulin

Mazerials and Methods

8 extract Group A ype 15
TEF 19391, were cultured on 4 x 5 1 Todd Hewitt broth,
containng 0 5% glucose, at 37°C for 6-8 hours using
‘Magneuc surrers. each 5 | was inoculated with 0 3 1 over
night cultare of type 15 pHl was adjusted to 70 every
30-60 mun wth 2 N NaOH durtng growth The bacteria
were harvested 1n 4 COBUAUOUS 200 rotof 1n @ Hespin
21 centrifuge (MSE, Sussex, England) at 9.000 rev/min
Forty ml wet volume of bactera washed in 0 9% salne
#as suspended i 100 mi saline and the pH lowered to
20 by HCL The suspension was heatsd 1n 2 boiiag
waterbath for 10 myn. after which the pH was adjusted
© 70 with NaOH, the bacteria were centrifuged and the

Many of the were repeased several umes
with munor lots of Lancefield extracts of cultures
obiaimed on separate occasions

Human sera Some of the sera had been stored for
more than 10 years at —20°C. All sera were heated at
56°C for 30 mn before use The TgG. I2A and IgM
content of some sera was determined by the electroum-
munoassay (9)

Separaton procedures. Human commercial IgG and
anfisera Sera were separated by means of a Sepharose
4B protein A column from Pharmacia (7) A column of
human commercual 1gG-Sepharose 4B was used, as
earhier described (1) All fractions obtained from the
columns were concentrated 10 the volumes of the
specimens applied

Commercial human TgG was purchased from Kabi,
Stockholm, Sweden. and rabbit antsers to Igh, 15G and
1gM from Dakopatts, Copenhagen, Denmark. The ann-
1263 was a pufi from Dr 4 Grubb, Malmo

Tube and gel preciputation Gel precipiiauon tests were
performed as earhier described (1) The precipttauon
Lines berween M 15 extract and hyman sera % ere visible
afier 1-2 days

In tube precipitation experiments, | i of serum was
mxed with 1 ml of M 15 extract and 4 ml of 0 9 per cent

a1
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Much evidence, viz. the existence of precipitating and
non-precipitating sera, the ethnuc graup differences, the
differential action of the extract on a number of anti-Rh
coats, the vanation in the capacity of individual sera to
1nhibit the haemaggfutination observed, suggests that the
streptococcal extract interacts with some 1gG molecules
but not with others As for the nature of this restriction,
an important clue 15 that reacting IgG molecules were
shown (0 be present not only m the IgG3 subelass but
20 10 2t least one of the other subclasses. All knowa
IgG altotypic markers are confined to one subclass (see
Grubk (5)) This observation alone indicates that the
restricuon 1s due to a marker with the character of an
sozllotype  The results of the haemagglutination
1whibrtion tests also lend support to this interpretation
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saline added. After 2 hours at 37°C and 3 days at 4°—
8°C the precipitate was spun down at 8,000 g for 1 hour
and washed once. 0.2 ml PBS was afterwards added. The
precipitate was dissolved by incubation at 37°C with
204! trypsin (Sigma, St. Louis, M.C., USA) 0.6 mg/mi
(the M 15 precipitating factor is trypsin sensitive, see
Wood & Schramm (12). Trypsinization was stopped by
20 pI soy bean inhibitor (Sigma, St. Louis, M.O , USA) 5
mg/mi. Controls included 1} only serum or only M 15
extract, trypsinized as indicated above, and 2) only
trypsin and inhibitor.

Agglhuination and tesis With
cells coated with incomplete anti-Rh were performed as
in Gm-typing procedures (5) using plastic trays as
described (6). The anti-Rh's used included the well
known Ripley serum, which was a gift from Dr. Marion
Waller, Richmond

" O

Results
Gel FPrecipitation with Human Sera from Various
Populations

The Lancefield extract precipitated human sera as
follows:

East Greenlanders

3outof 33 or 9 percent

Laplanders 27 out of 36 or 75 per cent
South Koreans 25 out of 25 or 100 per cent
Swedes 32 outof 39 or 82 per cent.

Precipitation was usually obtained also with serum
diluted 1'4 A few sera gave 2 lines. All sera classified as
precipitated pave a ine which fused with that of a control
serum

Characterization of the Precipitated Component of Human
Serum

All of 21 sera chosen for tesung because they
contained <7 mg IgG per ml fatled to give a line in gel
precipitation tests Four of 8 sera containing >7 mg IsG
but less than G 7 mg IgM per ml were preciprated.
however, and the same was true for 2 out of 5 with a
level of IgA below 0.7 mg/ml

In diffusion m gel experiments the precipitation line
formed between anti-IgG3 and serum lused with the hine
obtamed between the same serum and the type 15
Lancefield extract Qur anti-total-IgG gave broad,
ndistinct precipitates making the result of the Quchter-
fony comparatve analysis less clearcut

Precipriates tn tubes were obtained from 8 »positive«
human sera The precipitates were dissolved as described
in »Methods« All 8 preparations were precipitated by
anti-human 158G and anti-human 13G3. but not by anu-
human IgA or ant-IgM 1n gel precipitation

The column contammng staphylococcal protein A
coupled to Sepharose used 15 hnown to retun IgG of
subclasses 1. 2 and 4 and to let 1gG3 run through The
fraction eluted and the fraction retamed were both
precipitated by the M 15 extract The precipitates showed
OQuchterlony identity reactions with each other and with
the line obtained with unseparated serum

Commercial human 1gG KABI was preciprtated by the
extract but only at Ig concentrations of at least 25 mg per
ml This 1gG 1s denived mainly from retroplacental blood

and this prompted us to investigate the precipating
capacity of sera from pregnant women. It was found that
9 out of 45 sera from pregnant women (3 2nd=40th w ek
of pregnancy) precipitated. This figure was sigmificantly
lower than that found in non-pregnant Swedes (see
above). Further observations related to this finding will
be published separately. Unless otherwise stated. no sera
from pregnant women were included in the material
forming the basis of this communication

Agglutination of Red Cells Coated with Incomplete Anur-
Rit and Results of Agglutination-fnhibition Tests

Lancefield extracts diluted several thousand tumes
agglutinated group ORh + red cells coated with anti-Rh
Ripley diluted 1:10 at coating. Uncoated red cells were
not agglutinated. Trypsin-treated extracts did not agglutr-
nate the coated red cells, neither did extracts which had
passed an IgG coated Sepharose column The agglutina-
tion by extracts diluted to contain §-16 agelutmating
doses was inhibited by KABI gammaglobulin in 2
concentration of less than 0 01 per cent.

In preliminary tests we assessed the ability of the
extract to agglutinate samples of erythrocytes coated by
12 other incomplete anti-Rh which were of approuma-
tely the same titer as judged by Coombs’ test using rabbit

i b A i was obtained
with 7 of the coated cell samples.As expected, the titer
was not as high as with the Ripley coated cells. It was
noteworthy that some high-titered anti-Rh did net coat
for agglutination by the Lancefield extract Indwidual
sera were fested for their capacity to mhibit agglutination
of red cells coated with anti-Rh Ripley as well as with an
anti-Rh HUN found useful for typing 12G3 Gm
markers Most sera were inhibitory at a ditution of at
feast 1:25 A small percentage of sera were markedly less
inhibitory and quite a few serz were in an intermediate
range Sera from pregnant wonen were infubitory to the
same extent as other categories of sera Nine pairs of
mother-newborn sera were examined and the two sera of
each pair were equaily mhsbitory

Discussion

The precipitates observed might be considered to
consist of M-protemn type 15 and bod:
Such an interpretation ts 1n accordance with the
observation that the reacting component of serum 1s I§G
and could. perhaps. also account for the vanying

of p n the studied This

interpretation is less likely for the simple reason that type
15 infections are uncommon and, secondly. atso because
1t 1s known that human antistreptococcal antibodies
rarely precipitate extract of streptococcal cells (12} Such
nterpretation fails to account for the obsers ed agglutina-
tion of red cells coated with IgG anti-Rh-anubodies An
alternate explanation is that this Lancefield ettract
interacts with human Ig irrespective of combining sites
for streptococi or streptococcal products In our opinion.
the data presented make it dificult to aveud this
conclusion. We thus ascribe the precipuation and the
agglutination of anti-Rh-coated red (IS to the content of
Ig Fc receptors in the streptococcal extract
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TOXICITY STUDIES
WITH HUMAN LEUKOCYTE INTERFERON
IN NEWBORN RABBITS
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us myections of S 10 10 million units of partially punfied human leukocyte snierferon
2:‘1‘: ;‘:bezu:‘;nzwwi\ rabbits for 2 weeks or | month The control groups recerved mock nterferon,
saline or pothung The wterferon treatment had sio overt effect on the development of the ammals
dunng the persod of wreaument. The 7abyts treated with interferon had kukocymsxs.'spkmmega\y and.
prolonged postnata! estramedullary hematopouesis in the liver and spleen. Certamn immune responses
were also demonstrated in the rabbits treated with interferon and mock interferon preparatons Platefet

counts and the serum-ASAT. -ALAT. -LD and alkaline phosphatase values were normat

Key words Human leukocyte interferon, wxicity, rabbit, platelets, hematopoiesis
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Partially punfied preparavons of human leuko-
cyte unerferon are being used for systemuc teeat-
ment of patients with various diseases 1 a number
of current clcal trials (2) In general, intramuscu-
lar or subcutaneous mgections of about 105 umts per
kg are tolerated well and cause po irreverssble toxic
effects {7,14,22,23.24) The observed side-effects,
whuch wnclude fever, local pain and mild allerpic
reacuons. can be reduced or eliminated by further
punficaton of the sterferon preparations (24,
Merigan personal commumucation) However, even
the most tughly punfied preparations as yet avaslable
Can cause transient thrombocytopema and leukocy-
topensa (7, Menigan personal commumcation),
Mareover, mfants with cytomegalovirus infections
treated with interferon have shown slower weight
gam and a transient elevation of serum aspartate
aminotransferase (1) These effects may well be due
1o uerferon uself, because interferon is known to
tahubit cell dhvision n Vo (12,20) Thrombocyto-
Penid may alsa result from owculating ymmupe
omplexes unrelated to platelets (11)

Gresser and his co-workers have recently reported
observations on the 1oxicity of potent mouse
interferon preparations to newborn mice (3.9).
Datly treatment with about 103 units per kg for 1-2
weeks from birth could cause lethal liver damage (9) +
of progressive glomerulonephritis (8). These fin-
dings prompled us to make simiar studies with
human leukocyte interferon in newborn rabbits,
Human leukocyte interferon expresses 1ts antiviral
?c\;i;'“y neasly as well in rabbit as n human cells
1

MATERIALS AND METHODS

Interferon Human Jeukocyte interferon was produced
and partally punified as described previously (3), Four
batches of partally purified interferon (P-IF) were used
Three of them contained 10 mullion uzuts per mi 20d the
fourth 20 mullion umts per m! The specific actvities
were 2 % 1087 x 105,17 x 1082nd 1.2 x 106 unyes
Per mg proten

Mock interferon This was
as nr'rmal interferon, except

Prepared in the same way
fuit was 2dded instead of
1

that normal chick allantore
Sendas virus derved from






Waight {9}

Age (days)

Fig 7 The weight gasn of the newborn fabbits
expersment 2 Each rabbit received dadly wyections of 10
enttion units of P-IF (@) mock P-IF (O) or saline (A)
on days @ to 13 The symbals represent todwvidual
rabbits The hinte 1s drawn through the mean wesghts of
two unmpected rabbits The vertical bars indicate the
weight ranges

P-IF, mock P-IF, saline and uninjected groups 1n
ether expeniments. In fact the inter-individual
dufferences were smaller than those within § fusther
uninjected control litters each consisting of 8 young
{not shown 1n the figure)

Interferon Levels in the Sera

In both expenments the interferon levels m the
sera were assayed 24 hours after the last ijection.
In expenument 1, both interferon rabbits had 3500
ungs per ml of serum In expenment 2, the
corresponding values were 11000 and 2000. In a
control expenment two rabbrts (aged 30 days and
weighing 460 g and 530 g like the rabbuts at the end
of 1) were injected with
5 mullion unts of P-IF for the first time After 24
hours the serum wnterferon levels were 35 and 60
units per m} These values agree well with those of
our earlier pharmacokinetic studies (4) These
findings indicate that the dayly subcutaneous admi-
mustration of 10% interferon units per kg results ina
cumulative increase of circulating interferon

Blood Cell Counts
It can be seen from Table | that intensive
treatment with P-IF 10 experiment 2 had no effect

on the platelet count. but st caused moderate
leukocytosis

TABLE 1. Thrombocyte and Leukoote Counts in the
Blood of the Rabbits in Experiment 2 at the Age of 14

Days
t Thrombocytes Leukocytes
Trestmen %1091 x109/1
P-IF 484,513* 41,41
Mock P-iF 536,637 Ll
Saline 436,550 14,15
None 455,538 27,19

*Indrvidual rabbus

Antibodies and Soluble Immune Complexes

Sera from three out of four rabbits treated with
P-IF enhanced the binding of IpA by the test
platelets (Table 2). When tested m PIA, the same
sera showed direct platelet-apgregating acuvity.
This is taken as evidence of antibodies reactive with
platelets, In density gradient centrifugation this
actvity sedimented mainly at the same rate as the 7
S marker, and minimal activity was found in the 19
S region. The sera of the rabbits treated with mock
P-IF also showed some activity against platelet
reactive antibodies.

The sera from the rabbits treated with P-IF or
mock P-IF (Table 2} did not show any HI antibodies
against Sendai virus when diluted 1.12.

Serum Enzyme Activities

In all groups of rabbits in both experiments the
values for serum-ASAT, -ALAT, -LD and alkaline
phosphatase were essentially the same (Table 3).
Nor did the sera show any differences in the LDH
isoenzyme patiern.

TABLE 2 Bindig of 125-labeled Protein A by Human

Platelets Pretreated with the Sera of the Rabbits in the

Differeat Experimental Groups Total Counts Added per
Test Tube 8606 cps

Treatment unts
Exp 1(day 31) Exp 2(day 14)
PIE 8823100 207, 96
Mock PIF e
Salme 4, 69 55 72
None 79, 44 82, 76
9. 74
Platelet control 37

Normal rabbut serum 97

*Individual rabbats



chick embryos. After incubation, the cells were disinteg-
rated in a Waring blendor and the normal amount of
Sendai virus was added. The crude mock interferon was
concentrated 1000-fold and partially purified like the P-
IF preparations. The partially purified mock interferon
(mock P-IF) contained 17 mg protein per ml. The P-IF
preparation used in the same experiment contained 16.4
mg protein per ml.

Interferon assay. Threefold serial dilutions of interfe-
ron were titrated by the reduction of VSV plaques on U
cells {21). Al units are expressed in terms of the
international reference preparation 69/19 (National
Institute for Medical Research, Mill Hill, London).

Experiments in newborn rabbits. Rabbits of the albino
breed were maintained in the Central Public Health
Laboratory (Helsinki} under conventional conditions.
The young were reared with their dams during the
experiments. In the first experiment two young from a
litter of 8 rabbits received daily injections of 5§ milhion
units of P-1F from birth to the age of 30 days. Two other
young were given saline injections at the same time. The
remaining 4 young received no injections. In experiment
2 alitter of 8 young was divided into four groups, each 2
animals, as follows: P-IF, mock P-IF, saline and no
injections. The daily interferon dose was 10 million
units. and the injections were administered on days 0 to
13. All injections were given sub y ina volume
of 0.5 ml. The rabbits were weighed daily. Blood
samples were collected from the marginal ear veins or by
cardiac puncture 24 hours after the last injection.

Blood cell counts. The leukocytes and platelets were
counted in a Burger Turk Chamber.

Assays for serum enzymes. Serum-ASAT, -ALAT, -
LD and alkaline phosphatase were determined as
described previously (6) The LDH isoenzyme was
determined according to the Dade Iso-Form procedure
{Dade, Miam, Flonida) on Microzone cellulose acetate
membranes (Gelman, Ann Arbor, Michigan)

Assays for antibodies and soluble immune complexes.
The wodinated protein A (IpA) technique {10) and the
platelet aggregation sedimentation pattern (PIA) test,
kindly performed by Professor K Penttinen (17) were
used to determine platelet-reactive antibodies or soluble
immune complexes tn sera The activity found was
analyzed further by density gradient centrifugation of the
sera (18).

Sera from the rabbuts treated with P-IF or mock P-IF
were studied for hemagglutinauon-inhibiting (HI) antibo-
dies {5 1o Sendm wirus Nonspeafic inhibitors were
removed with cholera filtrate (Philips-Duphar, B V|
Holland) The anugen used was sonscated allantotc fluid
from embryonated hen’s eggs nfected with Sendai virus

Fowl erythrocytes were permutted to sediment at 37° C.

Autopsy and hisiology The ammals were Killed by
dislocation of the neck on day 31 tn experiment | and on
day [41n experiment 2. The animals were autopsied gnd

Iight mucroscopy was used to c‘(fxmme representative
specimens from heart hrdney, liver, spleen, lymph
nodes. thymus, (hyroid. adrenals, brain, lung. small and
large intestine, avary or testes, and sheletal muscle The
specimens were fixed 1 10 per cent formaldehyde or

Carnoy, and embedded in paraffin. The histologic:
sections were stained with hematoxylin and eosin, var
Gieson, periodic acid Schiff (PAS) and frozen section
with Scharlach Rot.

In experiment 1 liver specimens were taken fo
electron microscopy, kindly performed by Dr. Ad
Oksanen. The specimens were fixed in glutaraldehyd:
and osmium tetromde, dehydrated. and embedded i
Epon 812. Sections cut at 700-900 A were hghtt
stained with uranyl acetate in distilled water and wutl
lead citrate, and examined in a Philips 300 or a Phily
200 electron microscope.

RESULTS
Weight Gains
The growth rates of the rabbits in the twc
experiments are shown in Figs. 1 and 2. There wert
no essential differences in the weight gains betweer

™ Y T

400

Weight {g)

w
e
3

2

]
10 20 k4
Age {days)
Fig. 1. The weight gamm of the newborn rabbits in
experiment 1. Each rabbit received daly injections of §
mllion units of P-IF (@) or saline (A} on days 0 to 30
The symbols represent individual rabbits. The hine 1s
drawn through the mean weights of four umnjected
rabbits. The vertical bars indicate the weight ranges




Weight (g}

Age (dayst

Fig 2 The weght gam of the newborn rabbms
expenment 2 Each rabbat recewed daily nyections of 19
millon unsts of P-IF (@) mock P-1F (O) or saline (&)
on days 0 10 13 The symbols represent tndivedual
rabbnts The Line is drawn through the mean weights of
190 punected rabbits The vertical bars mdicate the
weight ranges

PJF, mock P-IF, saline and uninjected groups m
ether experiments. In fact the inter-indwvidual
dufferences were smaller than those within 5 further
uninjected control hitters each consisting of 8 young
{not shown 1n the figure)

inerferon Levels in the Sera

la both expennments the mterfeson levels in the
sera were assayed 24 hours after the last injection
In experiment 1, both interferon rabbits had 3500
unts per ml of serum. In expenment 2, the
corresponding values were 11000 and 2000 Ina
control expeniment tho rabbns (aged 30 days and
weighing 460 g and 530 ¢ ke the rabbits atthe end.
of 1) were mjected with
$ oullion unyts of P-IF for the first ume After 24
hours the serum mnterferon levels were 35 and 60
urts per m] These values agree well with those of
our earlier pharmacokineuc studies {4). These
findings indicate that the daily subcutaneous admi-
nistration of 10* iterferon units per kg results 1 a
cumulauve increase of arculaung imterferon,

8lood Cell Counts
It can be seen from Table | that mrensive
teatment with P-IF in experiment 2 had no effect

on the platclet count. but st caused moderate
Teukocytosts

TABLE 1. Thrombogte and Leukooyte Couwnis in the
Blod of she Rabbits in Experument 2 at the Age of 14

Days

Treatment Thrombocytes Leukocytes

x 1091 x109/1
PIF 484,513° 41,41
Mock P-IF 586,637 17,07
Saline 436,550 14,15
None 455,538 27,19
*Individual rabbus

Antibodies and Sofuble Imunune Complexes

Sera from three out of four rabbits treated with
P-IF enhanced the binding of IpA by the test
platelets (Table 2) When tested in PIA, the same
sera showed direct platelet-aggregating activity.
Thus is taken as evidence of antibodies reactive with
platelets In density gradient cenurifugation this
activity sedimented roainly at the same rate as the 7
S marker, and minimal activity was found in the 19
S region. The sera of the rabbits treated with mock
P-IF also showed some activity against platelet
reactive antibodies.

The sera from the rabbns treated with P-IF or
mock P-IF (Table 2) did not show any Hi antibodies
against Sendai virus when diluted 1:12.

Serum Enzme Activities

In all groups of rabbits in both experiments the
values for serum-ASAT, -ALAT, -LD and alkaline
phosphatase were essentially the same (Table 3).
WNor did the sera show any differences in the LDH
iscenzyme patternt

TABLE 2. Binding of 125.labeled Protein A by Human

Platelets Preireated with the Sera of the Rabbits in the

Different Experumental Groups Total Counts Added per
Test Tube 8606 cps

Treatment Counts per second
Exp. 1002y 3D Exp 2 (day 14)

PIF 8823100 2w

Mock P-IF G
Salue . 6 5.7
Nane 7. a3 8. 76

93,74
Platelet control 37

Normat rabbit serum 97

*Individual rabbits



chick embryos. After incubation, the cells were disinteg-
rated in a Waring blendor and the normal amount of
Sendai virus was added. The crude mock interferon was
concentrated 1000-fold and partially purified like the p.
IF preparations. The partially purified mock interferon
(mock P-IF) contained 17 mg protein per m! The B.IF
preparation used in the same experiment contained 16.4
mg protein per ml.

Interferon assay. Threefold serial dilutions of interfe-
ron were titrated by the reduction of VSV plaques on U
cells (21). Al units are expressed in terms of the
i i fe ion 69/19 (National
Institute for Medical Research, Mill Hill, London).

Experiments in newborn rabbits, Rabbits of the albino
breed were maintained in the Central Public Health
Laboratory (Helsinki) under conventional conditions.
The young were reared with their dams during the
experiments. In the first experiment two young from a
litter of 8 rabbits received dauy injections of 5 million
units of P-IF from birth to the age of 30 days Two other
Yyoung were given saline injections at the same time. The
remaining 4 young received no injections. In experiment
2 a Iitter of 8 young was divided into four groups, each 2
ammals, as follows: P-IF, mock P-IF, saline and no
injections The daily interferon dose was 10 mullion
units, and the injections were adminstered on days 0 1o
13. All injections were given ly ina volume
of 0.5 mi. The rabbits were weighed daily. Blood
samples were collected from the marginal ear veins or by
cardiac puncture 24 hours after the last injection

Blood cell counts. The leukocytes and platelets were
counted 1n a Burger Turk Chamber.

Assays for serum enzymes Serum-ASAT, -ALAT, -
LD and alkaline phosphatase were deternuned as
described previously (6). The LDH 1soenzyme was
determined according to the Dade Iso-Form procedure
(Dade, Miami, Florida) on Microzone cellulose acetate
membranes (Gelman, Ann Arbor, Michigan}

Assays for anttbodies and soluble immune complexes.
The iodinated protein A {IpA) techmque (10) and the
platelet aggregation sedimentation pattern (PIA) test,
kindly performed by Professor K Penttinen (17) were
used to determine platelet-reactrve anubodies or soluble
immune complexes 1n sera The acuvity found was
analyzed further by density gradient centrifugation of the
sera (18).

Sera from the rabbuts treated with P-IF or mock P-IF
were studied for hemagglutination-inhibiting (HI) anubo-
dies (5) to Sendar virus Nonspeafic mhibitors were
removed with cholera filtrate (Philips-Duphar, B V|
Holland) The antigen used was sonicated allantorc fluid
from embryonated hen's eggs infected with Senda virus
Fowl erythrocytes were permitted 1o sediment at 37° C

Autopsy and histology The ammals were Killed by
dislocation of the neck on day 31 1n experiment 1 and on
day 14 1n experiment 2 The animals were autopsied and
Ight microscopy was used 1o etamine representative
specimens from heart hsdney, fiver, spleen, lymph
nodes. thymus, thyroid, adrenals., bram. lung, small and
large intesune, ovary or [estes, and sheletal muscle The
specmens were fixed m 10 per cent formaldehyde or
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Carnoy, and embedded in paraffin The histologig
sections were stained with hematoxyin and eosm, vaa
Gieson, periodic acid Schiff (PAS} and frozen sections
with Scharlach Rot.

In experiment 1 liver specimens were taken for
electron microscopy, kindly performed by Dr. A
Oksanen. The specimens were fixed in glutaraldehyde
and osmium tetroxide, dehydrated, and embedded m
Epon 812. Sections cut at 700-900 A were ighth
stained with uranyl acetate in distilled water and with
lead citrate, and examined in a Philips 300 or a Philips
200 electron microscope.

RESULTS
Weight Gains
The growth rates of the rabbits in the two
experiments are shown in Figs. | and 2. There were
no essential differences in the weight gains between

600

500

Wesght (g)

«
8
a8

200

Age (days)
Fig 1. The weight gun of the newborn rabbits 1t
ment I. Each rabbit recerved daily imjecuons of 3
million unsts of P-IF (@) or salne (A ) on days 0 to 30
The symbols represent ndividual rabbits The h_nc Is
drawn through the mean weights of four unmjected
sabbits The vertical bars indicate the weight ranges

experi:



weight ()

Age tdags)

Fig 7 The weight gain of the newbom rabbits m
experument 2 Each rabbut recerved daily anjections of 10
aulion vt of P-IF (@) mock P-IF (O) or saline (A}
on days 0 to 13 The symbols represent mdividua
rabbits The bine 15 drawn through the mean weights of
two umnected rabbuts The vertical bars indicate the
weight ranges

PIF, mock P-IF. saline and uninjected groups 1n
cther experiments. In fact the inter-individual
ifferences were smaller than those within $ further
umnmyected control litters cach consisting of 8 young
{not shawn 1n the figure)

Imerferon Lerels in the Sera

in both experiments the wnterferon levels in the
ser3 were assayed 24 hours after the last injection.
In expenment 1. both 1nterferon rabbits had 3500
umts per ml of serum In experiment 2, the
corresponding values were 11000 and 2000. In a
control experiment o rabbits (aged 30 days and
weighing 460 g and 530 g like the rabbits at the end
. e agaed: witn
5 wullion unuts of P-IF for the first time After 24
bours the serum interferon levels were 35 and 60
ueats per mi These values agree well with those of
our earlier pharmacokinetic studies (4). These
findings indicate that the daly subcutaneous admi-
nstrabon of 10 interferon units per kg results ina
cumulative increase of airculating interferon.

Blood Cel! Counts
It can be seen from Table | that intensive
treatment with P-IF 1 experniment 2 had no effect
on the platelet count, but r caused moderate
Kocytosis.

TABLE 1. Thrombooste and Leukocyte Counts in the
Blood of the Rabbits in Experument 2 at the Age of 14

Days
“Treatment Thrombocyles Leukocytes
x 10971 x 10971
PAF 484,513 41,41
Mock P-IF 586,637 17,17
Satine 436,550 14,1.5
None 455,538 21,49

*Individual rabbits

Annbodies and Sofuble Immune Complexes

Sera from three out of four rabbits treated with
P.IF enhanced the binding of IpA by the test
platelets (Table 2). When tested in PIA, the same
sera showed direct platelet-aggregating activity.
This is taken as evidence of antibodies reactive with
platelets. In density gradient centrifugation this
activity sedimented mainly at the same rate as the 7
S marker, and minimal activity was found inthe 19
S region. The sera of the rabbits treated with mock
P-IF also showed some activity against platelet
reactive antibodies.

The sera from the rabbus treated with P-IF or
mock P-IF (Table 2) did not show any HI antibodies
against Sendai virus when dituted 1:12.

Serum Enzyme Actwities

In alf groups of rabbits in both experiments the
values for serum-ASAT, -ALAT, -LD and alkaline
phosphatase were essentially the same {Table 3).
‘Nor did the sera show any differences in the LDH
isoenzyme pattern.

TABLE 2 Binding of 125-labeled Protein & by Human

Platelets Pretreated with the Sera of the Rabbits in the

Dyferent Experimental Groups Total Counts Added per
Tav, Tube: RA04 135

‘Treatment Counts per second
Exp 1{day 31 Exp 2(day 14)

PIF 882.310° 237,

Mock PIF s
S'alm: 44, 69 55, 12
None 9, 44 82, 76

93. 74
Platelet contro} 37

Normal tabor serum 97

*Individual rabbus
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Fig 3 Atypical hustological picture of the rabbits” livers

1n expeniment 2. Hematoxylm-eosin staining. X lsp.

Groups 1 P-IF. Massive extramedullary hematopoiesis,
many megakaryocytes and immature blood

cells.

2 Mock P-IF. Moderate extramedullary hema-
topotesis, a few megakaryocytes and 1mma-
ture blood cells

1 Saline No extcamedullary hematopoiesis

Y

hematopoiesis was similar to that in the 2-week-old
P-IF rabbits in experiment 2. In the 2-week-old
control rabbits, extramedullary hematopoiesis was
similar to that in the 2-week-old mock P-IF rabbits.
n the contro} rabbits extramedutiary hematopoiesis
had totally disappeared by the age of 3 10 4 weeks.
This was also the case in all the groups of
experiment | 2t the age of 31 days. The course of

iesis of control rabbits

4 None No dull

Autopsy and Histological Findings

Al autopsy, the main macroscopic finding was a
distinet enlargement of the spleen of all the rabbits
which had received P-IF. In both experiments the
spleens in the P-IF groups weighed two or three
tmes as much as those in the control groups. Mock
P-IF did not cause splenomegaly.

The principal histological finding was the pro-
longation of active extramedullary hematopoiesis at
the age of 2 weeks in the livers (Fig. 3) and spleens
of the rabbus receiving P-IF and mock P-IF
E y iesis was most i
tn the P-IF group, and was moderate in the mock P-
1F group, but only 2 few megakaryocytes and
tmmature blood cells were found in the rabbits
recerving saline or nothing.

The normal course of disappearance of postnatal
extrameduliary hematopoiesis 1n the rabbit strain
used in the present studies was elucidated by
histological examinations of the livers and splegns of
normal rabbits at the ages of 1 day, and 1, 2, 3, and
4 weeks. Each age group consisted of 2 1o 4 rabbits
In the l-week-old control rabbits extramedullary

y

described above agrees with earlier findings (13).
The specific stains did not reveal any differences

in hepatic glycogen and {at content between the

groups, nor did electron microscopy of the hvers in

experiment 1 reveal any cytological abnormalities.

DISCUSSION

At the start of the present experuments the dose of
interferon was of the order of 108 units per kg. As
the rabbits gained weight the dose per kg gradually
decreased. On a weight basis the present dosage was
as high as that used by Gresser and his co-workers
in their studies in mice (8,9). We saw no signs of
liver or Kidney damage. The discrepancy between
our findings and those of Gresser et al. may have
been due to differences in the interferon prepara-
tons used or to differences between rabbits and
mice. It is possible that the human leckocyte
interferon does not express all its buologicat
activities in the different cells and tissues of
newborn rabbuts, although it has been shown to
exert antiviral activity 1 some rabbit cells (15)
Human leukocyte nterferon can cause transient
thrombocytopenia in adult human beings (7,
Merigan: personal communication), but such an

TABLE 3 Enzyme Values in Sera of Rabbits in the Differens Experimental Groups

Exp Treatment Day Unas/1
Allal
ASAT ALAT 1y Phosshatmse
Interferon P-IF u nar 3167 499,136
Leverteron PAF FUR T 99111049 oy P8
T u 3s7 e 3261114 S68. 645
Saoe B 839, 839 426, 529
one FTRT Y 3439 463, 463 632, 658
o B 21 121 478, 499 658, 671
s 644, 666 387, 426
] 854, 877 542, 619
Interferon PAF 14 15 1927
o ! ; 12,1638
S - T I I
None u 304 1520 e gl

839, 865
*Individual rabbas



effect was not seen in infants (1) or newborn rabbits
(present study) during interferon treatment. At the
age of 2 weeks, extramedullary hematopoiesis was
more prominent in the rabbits treated with PJF
than in the various controls. The absence of
thrombocytopenia and leukocytopenia in the Young
rabbits treated with P-IF may perhaps be due to the
prolonged postnatal extramedullary hematopoiesis
during the first weeks of life.

Leukocytosis and splenomegaly appeared to be
characteristic features in rabbits treated with P-IF,
The levels of platelet-associated IgG and serum
immune complexes were highest in the rabbits
treated with P-IF, but were also elevated in thase
treated with mock P-IF. These findings reflect the
immunogenic stimulation of the young rabbits by
the human leukocyte interferon preparations. The
antibody-forming capacity in rabbits develops du-
ring the first weeks of life (19). In adult rabbits the
human leukocyte interferon is an efficient immuno-
gen (16). It was not possible to assay the interferon-
neutralizing activity in the sera of the rabbits treated
with P-IF because of the very high levels of
circulating interferon. Human leukocyte interferon
itself has not proved to be immunogenic in human
patients, although treatment with interferon prepa-
rations may immunize patients against the antigens
of Sendai virus and chick allantoic fluid {23). Such
immunizations could be avorded with more highly
purified interferon preparations, although so far
they have not caused adverse clinical effects.
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When human blood lymphocytes are cultured @ vuro without any intended stimulus. they pr!.)dx::e
ine This was further in the

acuviues in the t

present study, where 1t has been by 2 and x‘nhx‘?xuon

experiments that leukocyte migration whubiory acuviy 1n the supernatants is due 10 leukocyle

tahibstory factor (LIF). When T and B Iymphocytes were purified by carbonyl iron lnd(SRBC-rosene

sedigentation, only B cells produced LIF and leukocyte in

cultures B cells elaborated lymphokines without the help of T cells the need for co-operaton of

monocytes was also unlikely T cells were macuve even when reconstituted with monocytes and

platetets

Key words B

p LIF; levkocyte

factor.
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Mechamsm of lymphocyte activation have been
the subgect of intensive research in recent years,
This topic has also been extensively reviewed
(Oppenheim & Rosenstreich 1976, Wedner & Parker
1976} The fundamental changes 1n the lymphocyte
after activation include the elaboration of soluble
substances called lymphokines, the synthesis of
antibodies and transformation mto blasts. These
events are triggered by 2 number of stimul such ag
antigens, mitogens or vanious other agents

Tz our studies of lymphokine synthests after
T¢actions on the lymphocyte roembrane, we encoun-
tered a phenomenon in which lymphocytes in
culture seemed to produce lymphokine-like migra-
uon mhibitory substance without any mtended
stmulus at all (ndommi & Résanen 1975) The
preceding paper extended these observations to the
chemotacu¢ factor which was also demonstrated m
unsumulated cullture supernatants 1n this Paper we
show that these lymphokines are derived from B
ymphocytes

MATERIALS AND METHODS

Separaton and Furification of T and B Cells
Mononuclear cells from healthy mdividuals were
obtamed by Ficott. s fi f
blood.
T and B cells were punfied as follows. Mononuclear
cells were first incubated with 200 mg carbonyl iron
{Fluka AG, Buchs, Swatzerland) in Hanks' batanced salt
sofuton (HBSS) supplement with 10% foetal bovine
serum (Flow Laboratorses, Irvine, Scovand) for 45 min
at 37° C Free ion and the phagocytie cells were
removed with 2 magnet. 2 107 lymphocytes, 0 5 ml
foetal bovine serum labsorbed twice with SRBC), 05 mt
HBSS, and | 0 ml 16% SRBC were mixed in 17x 100
polystyrene tubes (Falcon. Oxnard, CA., US A) and
centrifuged for § min at 200 g, followed by incubation
for 30 fun m ice SRBC were previously treated with
x 1'“ . Vibnio comma fidase, Behring.
werke, Marburg, Germany) by incubating 20 % C
HBSS at37° C for 30 mun with §0 U/x:xg mm.fﬁa;"
After three mashings the cells were ready for use in
rosefie sedimentation. Rosetred cells were taken from the
fce bath and left for 10 mun &t room temperatre, then

Paq of







TABLE 1. Results of Cell Separation

Unseparated T Celts B Cells
5 8) 2.6 (1-5)
C-Re Cells 69.7 (58-767 95.9 (94-9: s
?ﬁg.po‘s’.‘f.‘v’:“&m 193 (16-23) 2.1 (<0.5-4) 71.3 :L ;as)
Monocytes N (529 <05 3
Toual 1002 (98-105) 980 (95-99) 82.7 (76-93)
Loving Cells 98.1 (96-99) 97.0 (95-98) 97.4 (96-59)

* Mean % and range

Fig I Leukocyte mugration mhibitory activity in culture
supematants of unseparated (TB), T. and B cells

proved to be chemotactic possibly because of the lot
of horse serum used However, 2s shown m Fig 2,
this background actvity was diluted off in higher
dilutions, fevealing the chemotactic lymphokine n
Supernatants of unseparated and B cells. Similar
results were obtained 1 experiments where no such
chemotactic medium was wsed. It was posstble that
these activities were produced not by B cells, but by
tonizmonaung platelets which were enriched in the
Boetl i?  the

contro] experiments, platelets were cultured alone or
together with T cells and monocytes, but no LIF
was found (Table 2). These results also show that T
cells remained inactive even when reconstituted
with monocytes an platelets.
A crucial point is whether the lymphokine-like
activities found in the supernatants can, in fact, be
by to factors elab by I
This and previous studies show that these activities
were not produced when cell metabolism was
blocked by cold or puromyein. In order to obtain

TABLE 2. Absence of LIF in supernatants of Platelets or
T Cells Reconstituted with Monocytes and Platelers

Exp No Platelets T Cells + MON + P
1 1.06* 098
2 1.02 098
3 0.98 1.04
4 102 0.97
5 1.04 100
6 1.05 1.00

_—
Mean 103 1.00

. In

o

O
RECIPROCAL OF SUPERNATANT G (icrt
fig 2 Leukoopte chemotactic
Supertatans of unseparated (TR)
C supernaums, O —40 C g,

R

acuvity m culture
). T.and B cells @~375
Permaunts € Q medium

M

TABLE 3 Migration Inkibitory Activity in Pooted
Fracuons of Sephadex G-100 Chromatograghy

Pooled Fracons
Em No 1 ] m v
1 099 g 1.02 099
2 1.06 057 093 095
3 099 066 100 103
Men 101 064 098 099

W T



the cells were resuspended gently and layered on Ficoll-
Isopaque 14% Ficoll was used in preparing these Ficoll-
Isopaque solutions (Parish & Hayward 1974) The tubes
were centrifuged for 20 min at 1000 g, and B rich cells
were collected from the interphase and subjected to
another rosetting — Ficoll-Isopaque cycle. The cell.SRBC
pellet was suspended in 1 ml HBSS and a hypotonic
shock was given with 3 ml water for 10 s to lyse the
SRBC. The non-separated mononuclear cells, T and B
cells were washed three times with HBSS and cultered
for three days at 37° C or 4° C in MEM for suspension
cultures (Flow Laboratories) containing 10% horse
serum (Flow Laboratories)

Cell Markers

Monocytes were id: by pecific esterase
activity according to Yam er a/ (1971). SRBC rosette
formation was used for identification of T celles. Briefly,
106lymphocytes in 0.5 m} HBSS, o | ml 4% SRBC and
0.6 ml 12% Ficoll (Pattengale & Reichelderfer 1975)
were centrifuged for 5 min at 200 g, followed by
incubation in ice for 30 min.

B cells and Fc receptor bearing cells were identified by
readily detectable surface membrane immunoglobulin
(SMlg) 106 cells were spun down and 50 ul of 1.8
dilution FITC-conjugated anti-immunoglobulin (IgG +
IgA + IgM, Beringwerke) was added to the celt pellet
After incubation in ice for 30 min the cells were washed
three times with phosphate buffered saline (PBS)
containing 0.1% sodium azide. A drop of 50% glycerol
in PBS was pipetted onto the cell pellet and the
suspension transferred to a microscope stide for counting

buffered with 5% COz~ NaHCO3 Wells 2.3 mm in
diameter were punched in the gel and § o culture
supernatant containing 106 granulolytes was pipetted
into each well. The supernatants were tested with four ty
six replicate determinations. The area of the well wag
excluded from the final area of migration.

Characterization of Leukocyte Inhibitory Factor

For gel filtration chromatography, cells were cultured
in serumfree MEM for suspension cultures in 17x 100
Falcon tubes at a concentration of 4 X 106 celts/ m! for
two days. Supernatants (30-50 ml) were dialyzed
overnight against distilled water and lyophilized The
powder was dissolved in 2 ml gel filtration buffer and
clarified by centrifugation for 10 min at 1000 g A
1.6 x 85 cm column of Sephadex G-100 was equilibrated
with a volatile buffer {0.05M ammonium bicarbonate,
acetic acid, pH 7.2) and calibrated with rabbit serum
albumin (Sigma, St Louis, Mo., US.A , molwt. 63000
daltons) And a-chymotrypsinogen-A (Sigma, mol wt
23000 daltons). the eluate was pooled into four fractions
Fraction I contained the void volume and material
eluting before the albumin marker and fracuon Il
molecules eluting with albumin. The fraction between
the albumin and chymotrypsinogen markers was refer-
red to as fraction]ll, and fraction 1V contained matenal
eluting with the chymotrypsogen marher. The [rac-
tions were lyophilized and dissolved in 1/20 of the
original volume of MEM for suspension cultures
supplemented with 10%horse serum In inhibil{en
experiments, L-fucose and N-acetyl-D-glucosamine
(Sigma) were used, as described by Rockhin (1976)

The ther ility of acuve fractions was studied by

in Leitz Orthoplan microscope using Ploem il

Separation of Monocytes and Platelets

Mononuclear cells isolated by Ficoll-Isopague ¢entri-
fugation were incubated for 30 mn in plastic petri dishes
in HBSS supplemented with 10% foctal bovine serum
The plates were irrigated with HBSS and shaken to
remove non-adherent cells. Adherent cells were detached
with @ rubber policeman and washed three times with
HBSS These cells consisted of 94% monocytes

‘When mononuclear cells are collected from the
interphase of the Ficoll-Isopaque run, suspended in
HBSS and spun down. the supernatant contains platelets
1n abundance. These platelets were collected by centrifu-
gation of the supernatant at 800 g for (6 min, washed
three umes and used at a concentration of 6 x 107
platetets/ml

Lymphoksne Assays

Chemotactic acuvity of the supernatants was assayed
as described previously (Andomumi et al. 1978) Migra-
tion inhibitory activity was tested by the leukocyte
migration 1n the agarose test (Clausert 1971, Rasdnen &
Arvilomm: 1977) with minor modifications. Instead of
leukocytes, granulocytes were used After sedimentation,
the leukocyte-rich plasma was centnifuged on Ficoll-
Isopaque. Celis at the bottom were 98 % pure granulocy~
tes. These were washed three tumes before use as
indicator cells 1n the assay The agarose plates were

A

incubating them for 30 min in 56 Cor 80° C waterbath
before the assay.

RESULTS

First we attempted to characterize the cells respon-
sible for Iymphokine sy by
separating mononuclear cells into B and T call
populations by removal of carbonyl iron 'fed
monocytes and by SRBC-rosette sedimentation,
following which the cells were cultured at 37° and
4° C. These cell populations were tested for BandT
cell markers, and the proportion of monocytes and
dead cells was determined (Table 1)

Tests for LIF carried ot on culture supernatants
of these cell populations revealed that unseparated
cells elaborated LIF mn four out of seven cases, T
cells never, and B cells atways (Fig. 1). There seems
to be no correlation between the number of
contaminating monocytes and the production of
LIF Leukocyte chemotactic activity was found
constantly in the supernatants of unseparated cells
and B cells, but T cells again remained inactive. 0}1:
of the seven experiments performed is given 1n Fig.
2. In this series of experiments the culture mediva




1t remains to be i d whether

tymphokine synthesis and the background 1n
Iymphocyte transformation reflect the same activa-
1100 Processes.

Thus work was supported by Evmil Aaltonen’s Founda-
non
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TABLE 4. Effect of Heat and Monosaccharides on Leukocyte Inhibitory Activity

N-Acetyl-D-

Exp. No. Control 56°C 80°C Control Glucosamine  L-Fucose
i 0.68% 0.82 0.97 078 0.

. .99 0.30
2 0.57 0.69 1.00 0.66 1.00 0.62
3 0.66 0.78 1.00 0.70 2.9 065
Mean 0.64 0.75 0.99 on 0.9% 089
a M1

more evidence 10 support the idea that we were
dealing with lymphokines we tried to characterize
our LIF candidate physicochemically and performed
inhibition studies. In Sephadex G-100 filtration
experiments the migration inhibitory activity eluted
in fraction 11, i.e. in the albumin region suggesting a
similar molecutar weight of the factor (Table 3). It
was partially inactivated by heating at 56° C, and
the activity was lost completely at 80° C (Table 4).
Furthermore, it was inhibited by N-acetylD-
glucosamine, whereas a-L-fucose remained ineffec-
tive as inhibitor (Table 4).

DISCUSSION

Our earlier papers have shown that human {ympho-
cytes release lymphokine-like activities in in vitro
cultures apparently without any stimulus  Quite
recently a confirmative observation was reported by
Anders & Nawig (1976), who found migration
inhibitory activity in their control supernatants in
studies of virus-induced cell-medsated immunity. In
this investigation, we demonstrated that B lympho-
cytes are the cells le for this

lymphokine production. The fact that it is lympho-
Kkines which are formed is confirmed by the present
physicochemical evidence and inhibition experi-
ments. These prove that it is a question of LIF, a
fymphokine characterized earlier by others (Rocklin
1975, Lomnitzer et al 1975, Rocklin 1976). As
Iymphokine syntitesis represents one of the conse-
quences of cell activation, it is of considerable
interest to try to ascertain why it occurs apparently
without any stimulus at all. It is possible, of course,
that some peripheral blood lymphocytes are always
acuvated in vivo because of the immunological
reactions 1n progress, and that these cells are
producing lymphokines in vitro. This cannot be
excluded 1n the present study. but one would expect
that also T cells would be activated in vivo and could
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be shown to release lymphokines, This was not the
case. The fact that T cells were able to react after the
separation steps used was supported by the finding
that they responded to various mitogens (Rdsdrnen,
unpublished observations).

Another cavse for activation might be any ol the
steps in the isolation or separation of Iymphocytes
of in the ingredients in the culture medium. For
instance, when B cells were separated on a nylon
wool column or afier Fe- or Cl-rosette formation,
they were found to release chemotactic and mitoge-
nic lymphokines (Mackler et al. 1974, Wakl et al.
1974). Also foetal calf serum present in culture
medum may be mitogenic for some Tymphocytes
(Andersson & Melchers 1974). We used Ficoll-
{sopaque sedimentation 1n our isolation and separa-
tion processes, and have found previously that the
result is the same if sedimentation and carbonyl iron
are used instead (Arvilommi & Rdsdnen 1975.)
Lymphokines were also produced spontapeously in
serum-free culture media or media supplemented
with heterologous or autologous sera as shown
previously. Negative exclusion was used in separz-
ting B cells and therefore no interactions in the B
cell membrane should have occurred. I the
stimulus is hidden in f virro techniques, it remains
to be identified If this should be the case. 1his
observation bears on in vitro studies on lymphocyte
activation. The methods we used are those Com-
monly applied, and as regards the mvangations_ on
B cell specific activating agents, these findings might
make interpretation more complicated.

It is of interest that in studes on Jymphocyte
transformation with separated B and T cells, !l{t
background incorporation of tritiated thymidine is
higher in B than in T cells (Littman et al. 1976,
Majuri, vnpublished observatious). It has been
shown that lymphocyte transformation and fymp-
hokine synthesis can occur independently (Dimitriu
et al. 1974, Mackler et al. 1974, Wakd et al 1974)
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Lymphocytes, when actuvated by antigen, can
elaborate soluble agents which possess  various
biological activities The array of these substances,
colfectively called lymphokines (Dumonde et al.
1969), 1s expanding as more and more factors are
being reported on Thus is true also for agents
capable of sumulating lymphocytes into lympho-
kine synthesis Apart from antigens. various other
agents, such as mitogens or allogeneous lymphocy-
tes, may activate cells into | synthesis

MATERIALS AND METHODS
Heparinzed blood from healthy blood donors or
1aboratory staff was centrifuged on Ficoll-Isapaque 10
obtain mononuclear cells {Bgum 1963) These cells
contained less than 1% granulocytes and 7-22%
monocytes Cell cultures were prepared as described
previously (Uniommi & Rasdnen 1975) and imcubated
at 37° C or 4° C for three days m 16 x 100 mm ussue
culture tubes {Stenlin Lid, Muddlesex, England) at a
concentration of 4 x 106 cells/2 m). The cultures were
termnated by centnifugaton at 1000 g for 10 mun and
the

{for references see Oppenheim & Rosenstreich 1976).
We have reported carbier Urvilommi & Rdsdnen
1975) that unsumulated human lymphocyte culture
Supernatants contamn some prncple which mhibits
the mgration of human leukocytes The data
suggested that this actvity might be due to
leukocyte mhibitory factor (LIP produced by
lymphocytes wathout any intended stmutus, We
¢xtended this line of myestigation by the study of
other lymphokines possibly synthesized similarly,
This paper describes chemotacuc actuvity in the
Supermatants of human lymphocyte cultures

were collected for chemotaus assay

Leukocyte chemotans was assayed by a modification
of Boydenstechnuque (Boyden 1962) described by
Andommi & Laatkainen (1977). In brief. double
chambers were formed from 90 disposable leukocyte
migraton plates (Sterilin Lid) put agamst each other The

chambers were separated by 8 p celluloce acetate Miters,
dameter 20 mm (Millipore Corp. Bedford, Mass.,

A.) The upper chambers were filled through holes
bored to the upper plate Each chamber takes about 0 45

ml solution fg thes Way, @ set of six reversible double
chambers was formed fr

assay, the lower chamber

a5 filled with the solutio
be assayed and the upy e

PeT chamber with leukocyte
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Lymphocytes, when activated by antigen, can
claborate soluble agents which possess varous
brological activities The array of these substances,
collecinely called D et al
1969), 15 expanding as more and more factors are
bemng reported on This 1s true also for agents
€apable of sumutating lymphocytes 1nto lympho-
kine synthesis Apart from anugens, various other
agents, such as mutogens or allogeneous lymphocy-
tes. may actwate cells o synthesis

MATERIALS AND METHODS
Hepannized blood from healthy blood donors or
laboratory staff was centnfuged on Ficoll-Isopaque to
obtain mononuclear celis (Boywm 1968) These cells
contaned less than 1% granulocytes and 7-22%
monocytes Cell cultures were prepared as described
previously Unlomm: & Rasdnen 1975) and wcubated
a1 37° C or 4° C for three days n 16 x 100 mm ussue
culture tubes (Stenlin Ltd, Middlesex, England) at a
concentration of 4 X 106 cells/2 ml The cultures were
termunated by centnifugaton at 1000 g for 10 mun and
the

(for references see Oppenheim & Rosenstreich 1976).
We have reported earlier Unvilomm & Rdsanen
1975) that unsumulated human lymphocyte culture
Supernatants contarn some principle which inhibits
the migraton of human leukocytes The data
suggested that thes actvity mught be due to
leukocyte inhibitory factor (LEIF) produced by
Iymphocytes without any mtended stumulus We
extended this Line of nvestigation by the study of
other hymphokines possibly synthesized stmilarly.
This paper describes chemotactic activity in the
Supermatants of human Iymphocyte cultures

were collected for chemotaxis assay,
Leukocyte chemotanis was assayed by a modification
of Boydens'technique (Boyden 1962) described by
Anilommi & Laatkainen U977 In bref, double
chambers were formed from tho disposable Teukocyte
migration plates (Sterilin Ltd) put zgainst each other. The
ed by 8  celluloce acetate filters,

ml solution In this way, 2 ser of six reversible double
chambers was formed from a par of plates For the
assay, the lower chamber was filled with the solution to

be 3sa3ed and the upper chamber wity leukocyte



suspension (1 x 106/ml) Leukocytes were prepared
from heparinized blood obtained from healthy blood
donors and laboratory staff. Nine volumes of blood were
sedimented with one volume of 5% dextran T 150
{Pharmacia Fine Chemicals, Uppsala, Sweden) in Hanks"
Balanced Salt Solution (HBSS) at 37° C for 30-45 min.
Serum and buffy coat leukocytes were collected and the
leukocytes were washed three times with HBSS Finally,
the cells were suspended in medium 199 (Gibco Bio-Cult
Ltd, Renfr ire, Scotland) ing 10% horse
serum (Flow Laboratories, Irvine, Scotland) and antibio-
tics. The ch were i for | hat
37° C, were reverted to avoid detachment of the cells
migrated through the filter, and incubated for a further 2
h. Following incubation, the chambers were d;

led and the filters were fixed in 96% ethanol overnight,
The filters were stained with Papanicolaon's stain
(Papanicolaou 1954), cleared with xylene and mounted
on microscope stides under a cover glass. All determina-
tions were made in duplicate. The cells migrated through
the filter were counted under the microscope by 500 x
magmfication. The counting arez in each field was a
rectangle formed by an engraving in the eye piece Two
times five fields from each filter were counted and thus
four five-field figures were obtained for each assay. The
results were expressed as mean + SD from these four
figures. 1% casein in culture medmm was used as
posttive control and culture medium alone served as
negative control In some experiments we used L-fucose
and N-acetyl-D-glucosamine (Sigma, St. Louss, Mo,
U.S.A) as inhibitors of LIF or migration inlbitory
factor (MIF) (Rocklin 1976). Calibrated PD-10 columans
containing Sephadex G-25M (Pharmacia Fine Chemicals
AB, Uppsala, Sweden) were used to separate some
culture supernatants into two fractions (over and below
5000 daltons). In order to study the thermostability of
the chemotactic activity, the culture supernatants were
incubated for 30 min in 56° C or 80° C water baths or
15 mun in a 100° C water bath

RESULTS

‘When mononuclear cells were cultured for three
days in medium containing 10% serum at 37° C
and 4° C and the supernatants tested for chemotac-
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Fig1 Leukocyte chemotactic activity in dilutions of

culture supernatants @ 37° C, and O 4° C superna-
tants, O medium control, M casein.

tic activity, the activity in 4° supernatants was
similar to that of the medium controf. In contrast,
37° C supernatant contained clear themotactic
activity, although the activity was not as great 25
with casein (Table 1). We then tried to dilute off the
activity in the supernatants and performed a g:ns
of experiments where doubling dilutions of 37 and
4° supernatants were assayed. In 10 expenmenjs
the results were consitent, and these are shown in
Fig 1. which represents a typical experiment. The
37° C supernatants proved more chemotactic wheft
diluted to 1:4-1:8, the activity exceeding t'}mA of
positive casein control, while further d)]unqn
lowered the activity to the starting level (1:32). This
bell-shaped curve was in sharp contrast to the flat
curve obtained with 4° C supernatant.
The shape of the curve ocould be explained on the
assumption of the presence of both the LIF aqd the
t ic factor. The former would inhibit the

TABLE | Chemotactic Activity in Undiluted Culture
Supernatants
Supernatants Medium
EPRO 3500 40C  contro | SO
1 2282 3 %2 5 =x2 25 =8
2 1723 14 1] 16 £2 47 £3
3 8 x6 2 =] 5= 37 %5
4 1524 62 31 21 £6
Mean 155 6.2 72 32.5

leukocytes from responding to the latier, ewe{)t'in
higher diluti where only the latter activity

aCells per 5 fields £SD

remains detectable. To work out this possibility, we



tried to block the effect of possible LIF. This was
ished by heating the at100°C
for 15 mun, a treatment which destroys LIF but
preserves chemotactic activity, as shown later. In
addition, LIF or MIF was mhibited by N-acetyl-D-
glucosamine and L-fucose. Howcv_er, inA all these
experiments the results were variable in a way
which could not be explained by the hypothesis
presented above.
To ascertain whether the activity produced 1n
It was really and not
chemokinetic, 1e. induces directional and not
random mugration of leukocytes, experiments were
designed in whuch, 1n addition to the usual set-ups,
chambers were prepared where 1:8 dilution of the
active supernatant was put in both compartments
and thus 0o chemotactic gradient was formed. As
shown n Table 2, the sumulating principle seems to
be chemoattractive because, in the absence of
gradient, the number of cells migrating through the
filter was comparable to that i the controls.
Qlearly one possibility as a source of chemotactic
activity m culture supernatants might be the

TABLE 2 Differentiation of Chemotactic from Chemoki-
netic Response

Exp no

Gradient  No gradient  Control
L 23 x3 3= 6]
2 67 223 4£2 1x1
3 70 £21 723 1
Mean 533 46 30

*Cells per 5 fields = SD

TABLE 3 Hear Stabiin and Molecular Weight of
Chemotactic Activiy

4° supernatant 37° suj tant
Heat e ‘perna
SN ol B2 Expl Exp 2
Control 3z 924 2329 19 212
S6°C30mn 7 z7 26 214
B°C30mn 22y

16 =7
100°C15min 3 2| 15212 31 214 65231

Gel filtrauon

Onginat supernatant 5x2

62 223
Fracion over 5000 dalton 5= 70 £13
»oundet W » 22| 10 x4

Cells per § fietds + SD
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Fig2 The effect of serum o elaboration of leukocyte
chemotactuc actvity in culture @ 37° C, and O 49 [+
supernatants Sohd line. serum free medium, dotted line:
medium supplemented with serum.

presence of serum during culture. It 15 conceivable
that, for example, complement could be activated or
otherwise altered, Tesulting in products which are
chemotactic. Therefore 1t was important to investi-
gate whether chemotactic acivity was present in
supernatants of cells cultured Wwithout serum
supplement When these Supernatants were assa-
yed, 10% serum was added after culture, because
leukocytes in chemotaxis assay do not migrate in
the absence of serum protein. In Fig. 2 the results of
a representative experiment show that serum is not
nwlded for elaboration of the chemoattractant,

D an attempt to characterize this |, hi
derived chemotactic activity, we peﬂ’onny:pstuo?i:
10 ascertain the thermolability and the approximate
molecular weight, These results are given in Table
3.The chemoattractant appeared to be heat stable. It
eluted rapidly from a calibrated Sephadex G-25
column. Tt thus seems o have a quite high
molecular weight, at Jeast over 5000 daltons,



DISCUSSION

‘We have shown here that human lymphocytes are
able to elaborate leukocyte chemotactic activity
during culture, in spite of the fact that no known
activating agents were present. When added to our
earlier observation on migration inhibitory activity
in supernatants of unstimulated cultures (4rvilommi
& Rdsdnen 1975), these data support the hypothesis
of spontaneous lymphokine synthesis by lymphocy-
tes. We prefer to call this phenomenon spontaneous
until the stimulating principle has been identified.
However the search for such activator may be
unrewarding.

Several studies have shown that when activated
with antigen, sensitized lymphocytes are able to
synthesize lymphokines which are chemotactic to a
variety of white cells (for references see Remold &
David 1974). The crucial point is whether the
leukotactic activity found in this study can be
accounted for by a particular chemotactic factor, i.e.
alymphokine. For this activity to appear, metabolic
processes In the lymphocytes are needed, since its
elaboration is blocked by cold. It is of high
molecular weight and its biological activity is
undistinguishable from that of a chemotactic
lymphokine.

On the other hand, we have ascertained that the
leukotactic principle in the cultures cannot be due to
serum or cell-to-serum interactions, because no
serum is needed for its formation. In conclusion, the
data available suggest that chemotactic lympho-
kine(s) is, in fact, produced by unstimulated human
lymphocytes.

One 1nteresting result in the present study was
the bell-shaped curve obtained in the dilution
experiments. If it is caused by an inhibitor, we were
unable to d ate that the inhibitor in i
is LIF It would make sense that in vive chemotactic
factors, when active in high dilutions, are able to
attract cells from a long distance, whereas LIF could
stop the cells only in the vicinity of antigen-cell

interaction since its effect is quickly diluted off. It is
also possible that the bell-shaped curve illustrates
the rather narrow optimal concentration range ol
the ch ic factor. Thus ct is would be
inhibited if too high ions of the factor
were present. At this stage, however, these possibil-
ities remain open.

This work was supported by Emil Aaltonen’s Founda-
tion.
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A feport is given of the relauve and absolute distnbution of lymphocytes carrying three T or B cell
speafic markers 1n cord blood, 1 chidren and in the blood of healthy adult human subjects The
determunations were performed from stained cytological cell smears under condiions where oo subclass
specific lymphocyte selecton or depleton takes place In adult blood 78£8% (S D ¥(1.2+£04 x
10%/1) of lymphocytes expressed the acid a-naphthyl acetate esterase (ANAE) marker The percentage

of the ANAE marker-<carrymg was stable 1 different age groups. The
absolute values 1n cord blood and in young children were approxmmately three nmes higher than m
adults A somewhat smaller fraction of aduft lymphocytes (§3214%: 1.0=04 x 10%/)) formed
Tosettes with 2 i bromid (AET) sensiized sheep erythrocytes
{AET-SRBC) Although the felauve distnbuuon of AET-SRBC roseneforming iymphocyles was
shghtly Yower m children than 1 adults, the absotute numbers Were approximately two to three trmes
bigher The number of surface Ig-carryng lymphocytes, as detected by rosette formation with
Staphylococcus aureus swam Coman 1 (SCw) bactena 1n adolescent and adult blood was 19 11%
04202 % 103/} The relatve number of surface Ig-carrying tymphocytes varied very Imle in the
different age groups The absolute pumbers in cord blood and 1n small children were approximately
Twice as Tugh as 1p adults The distribution of lymphocytes carrying the fourth marker, surface receptac
for 1pG, was investigated by anubody-coated human erythrocytes (EA) In adults, the number of
Iymphocytes forming roseties with EA was 30210% (07203 x 10%)) Although the relative

values were somew hat lower 1 children, the absolute values were approximately twice as high as 1n
adults

Key words Lymphocyte subclasses, esterase
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from blood 1s gainsng mportant application in
clinical medscine. Currently avadable methods are
based on the use of subclass specific surface
maskers, bive cells and phase contrast or fluore-
scence mucroscopy (Jondal et al 1973, Froland &
Aanig 1973). We have proposed (Ranki et al. 1976}
2n altermatve technique by which 1t 15 possible to
quantfy lymphocyte subclasses directly from oo~
lopseal ool smears Four markers have been
adapted for this procedure up to now T tymphocy-
tes are detected by demonstration of acid a-naphthy|
acctate esterase (ANAE) acuvity (Mueller ef af,

1975; Ranki et al 1976) and /or by rosetting them
with sheep red cells (Pellegring of al. 1975), B
Iymphocytes are detected by rosette formation with
Staphylociccus aureus strain Cowan [ bacteria (Ghe-
tie et al. 1974, Ranki et al 1976} and Fe receptor-
carrying lymphocytes are detected by the conventio-
nal antibody-coated rosettes (Jonda et
al 1973). This methodofogy is devoid of any
selective depletion of lymphocyte subclasses Hayry
et al. 1977) and, therefore, makes it also possible to
guamiry absolute pembers of marker-carrying cells
in cg. human blood. As a practical guide for

laboratory analysis, a report is gi i
, given of the relat;
2and absolute distrbution of lymphocytes mr:yilx:;



DISCUSSION

‘We have shown here that human lymphocytes are
able to elaborate leukocyte chemotactic activity
during culture, in spite of the fact that no known
activating agents were present. When added to our
earlier observation on migration inhibitory activity
in supernatants of unstimulated cultures (4 rviformmi
& Rdsdnen 1975), these data support the hypothesis
of spontaneous lymphokine synthesis by lymphocy-
tes. We prefer to call this phenomenon spontaneous
until the stimulating principle has been identified.
However the search for such activator may be
unrewarding.

Several studies have shown that when activated
with antigen, sensitized lymphocytes are able to
synthesize lymphokines which are chemotactic to a
variety of white cells (for references see Remold &
David 1974). The crucial point is whether the
leukotactic activity found in this study can be
accounted for by a particular chemotactic factor, i e.
a lymphokine. For this activity to appear, metabolic
processes in the lymphocytes are needed, since its
elaboration is blocked by cold. It is of high
molecular weight and its biological activity is
undistinguishable from that of a chemotactic
lymphokine.

On the other hand, we have ascertained that the
Ieukotactic principle in the cultures cannot be due to
serum or cell-to-serum interactions, because no
serum is needed for its formation. In conclusion, the
data available suggest that chemotactic lympho-
kine(s) is, in fact, produced by unstimulated human
lymphocytes.

One interesting resull in the present study was
the bell-shaped curve obtained in the dilution
experiments. If it is caused by an inhibitor, we were
unable to demonstrate that the inhibitor in question
is LIF. It would make sense that in vivo chemotactic
factors, when active in high dilutions, are able to
attract cells from a long distance, whereas LIF could
stop the cells only in the vicimty of antigen-cell

interaction since its effect is quickly diluted off. It
also possible that the bell-shaped curve illustrat
the rather narrow optimal concentration range «
the ch ic factor. Thus ch is would f
inhibited if too high ons of the fack
were present. At this stage, however, these possib
ities remain open.

This work was supported by £mil Aaltonen’s Found
tion.
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these four markers in cord blood and in the blood of
healthy human subjects from newborn to adults.

MATERIALS AND METHODS

Patients

Patients reporting for elective surgery at Department
IV of Surgery or at the Department of Paediatrics,
University of Helsinki Hospital, served as blood donors.
The diagnoses of the paediatric patients consisted of

red cell IgG, washed three times in PBS and finally
diluted into 1% suspension to Dulbecco's BSS. Rifty to
100 pt red cell suspension and 50-100 #l lymphoeyte

i ining 24 x [0¢lymph fml were
distributed onto the microtitre trays and incubated for 1§
min at room temperature. After centrifugation (1 min at
200 G) the cells were incubated for a further 15 mun at
+4° C, the rosettes were disrupted and the cells were
centrifuged onto microscope slides. The slides were
stained with MGG. Lymphocytes binding four or more

phimosis, testicular retention, pes equi S, congeni-
tal luxation of hip and minor anomales of the fingers
and anus. The major diagnoses in ghe adult group were
varicose veins, hernias and biliary calculi without
evidence of infectious diseas. In addition, samples were
occasionally obtained from healthy blood donors of the
Finnish Red Cross Blood Transfusion Service. Blood
was drawn from all adult donors before surgery. This
was also the case with most of the paediatric patients,
although some samples were taken five days after the
operation or later.

Preparation of Lymphocytes

Venous blood (2-5 ml} was obtained by venipuncture
into a heparinized syringe (1:100 Heparin-Medica,
Helsinki, no preservative added). Immediately after-
wards blood films were made for differential counts and
for ANAE staining, and the white cell count was
performed with acetic acid. The blood was diluted 1:3
with PBS, layered on Ficoll-Isopaque, density 1.083 g/
ml (Bayum 1968), and centrifuged for 30 min at 300 G.
The lymphocyte-enriched lation was at
the interphase and contained approximately 70-80%
lymphocytes, 15-25% monocytes and few neutrophilic
leukocytes We have found previously that no subclass
specific lymphocyte depletion takes place during purifica-
tion (Hayry et al. 1977)

Rosette Procedures

The sheep erythrocyte rosette~forming lymphocytes
(SRBC-RFL) were quantified by using the 2-amino-
ethyl- ium-bromid ide (AET)
method of Pellegrino et al (1975), as reported in detail
elsewhere (Ranki et al. 1976) One batch of AET-treated
1ndicator cells was good for five days. The rosettes were
prepared by incubating 50-100 pl 1% sheep-RBC
suspension with 50-100 pl lymphocyte suspension
containing 2—4 X 108 cells/ml 1n RPMI-1640 medium
The cells were immediately centrifuged 1n roundbotto-
med Cooke microtitre plates for 1 min at 200 G After
centr , rosettes were gently and the
cells were cytocentrnifuged onto microscope shides (300
RPM for § min) The slides were stained with May-
Grunwald-Glemsa (MGG) Lymphocytes binding five or
more erythrocytes were counted as rosette-forming
lymphocytes

The Fc receptor-carryng lymphocytes (EA-RFL) were
detected by antibody-coated human-O red cell indicator
cells Human red cells were washed with PBS, incubated
for 30 mun at +37° C in the presence of the first
subagglutinating dilutton {1.600) of rabbit anti-human

ery yies were regarded as rosette-forming

Surface Ig-carrying lymphocytes (StaCw-RFL) were
identified by rosetting anti Ig-coated lymphocytes with
Staphylococeus aureus Strain Cowan I (StaCw) bacteria
(Ghetie et al. 1974; Ranki et al. 1976). One hundred 1
lymphocyte suspension (4 % 106 cells/ml) in Hepes-
buffered RPMI-1640 medium containing 0.5% BSA
and 0.02% sodum ande were distributed in round
bottomed microtitre trays, incubated with 100 @ 1:2§
dituted polyvalent rabbit anti-human Ig {anti-IgM, IgG,
1gA) for 30 min at + 4° C, and washed three times. Then
50 x 105 formalin-treated, heat-inactivated SuCw
bacteria (a gift from H. Wigzell, University of Uppsala)
were added with 100 pl per well. The tray was
centrifuged for 5 min at 250 G and 1ncubated for 30 mn
at +4° C. The rosettes were suspended gently and
cytocentrifuged onto microscope slides The slides were
stained with May-Grunwald-Giemsa. Lymphocytes bin-
ding approximately 20 or more bacteria on their surface
‘were registered as positive

Demonstration of ANAE Activity

The demonstration of esterase activity was performed
in conditions described by Miiller er al. (1975) with
munor modifications (Ranki et al. 1976) Blood films or
cytocentrifuged cell smears were incubated 1n a medium
consisting of 40 m! 0.067 M phosphate buffer pH 5 0.
2.4 ml hexazotized pararosaniline, and {0 mg a-naphthy!
acetate (Sigma, St. Louis, Mo.} in 0.4 m! acetone. The
mixture was adjusted to pH 5.8 using I N NaOH.
Smears were incubated at room temperature for 8-17h,
washed in distifled water for 10 min, dried and
counterstained 1n | % aqueous toluidine blue solution for
60 min This counterstaining gave an excellent morpho-
logy to the preparations, and Iymphocytes we{e easily
distimguished from monocytes of from other white blc_md
cells The quantification of ANAE marker- carrying
Iymphocyies was performed from cytocentrifuged prepa-
rations of Ficoll-Isopaque -purified white blood c?]]s or
directly from blood smears. As reported previously
(Hayry et al. 1977), the results did not differ sigmficantly
from each other. A fymphocyte was recorded as ANAE
positwve if its cytoplasm contained a single or a few
distnct spots of the reddish brown reaction product

RESULTS

1. Relative Distribution of the Marker-carnying

Lymphocytes in Different Age Groups .
The relative distribution of lymphocytes binding

AET sensitized sheep red cells (AET-SRBC) on
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their surface (Fig. 1) was quite similar in different
age groups. The values obtained with adult lympho-
cytes (53 = 14 %) were slightly higher than those of
children (47%14%). The difference was not
significant (Tablel).

The distribution of ANAE marker<carrying
lymphocytes was equally similar and no consistent
variation was observed between different age groups
(Fig. 1). The fraction of adult lymphocytes expres-
sing the ANAE marker (77 +8%) was signift-
cantly (Table 1} larger than the fraction of
lymphocytes distinguished by the AET-SRBC
marker (53 = 14%, p<C0.05). The individual varia-
tion {s.d.) was smaller with the ANAE marker than
by using the AET-SRBC method.

Lymphocytes ing surface i
lin were coated with anti-human Ig and detected by
rosetting them with the Staphyl aureus

tes with StaCw particles. In adolescent and adult
blood (Fig. 1), a somewhat smaller fraction of
Iymphocytes formed StaCw rosettes (19+12%)
than in cord blood (26 + 8% ). The difference was
not significant (Table 1). Percentage variation
between the rest of the age groups was small.

The number of Iymphocytes expressing the Fc
receptor for IgG was quantified by using antibody-
coated human erythrocytes (EA) as indicator
particles (Fig. 1) The relative distribution of Fc
rosette-forming lymphocytes was slightly higher in
adolescent and adult blood (30x10%) than in
small children (25=6%) or in cord blood
27=8%). The differences were not significant
(Table 1).

2. Absolute Distribution of the Marker-carning
Lymphocytes in Different Age Groups

(StaCw) bacteria. Without anti-Ig treatment, 1-4%
of blood lymphocytes formed »sp roset-

We have previously demonstrated that no
lective Josses of T or B lymphocyte subpopula-

TABLE 1. Relative Distribution and Statistical Analysis of Lymphocytes Carrying the Various Subclass Specific
Markers

% of marker-carrying lymphocytes

Cw-
Age AET- ! St
(years) ANAE-L SRBC-RFL EA-RFL RFL
cord blood 70 =8 53 %17 27 =8 =1 :g)
(14) a2 (10) @
Z
[
— — 19 %7
0.5 (-1 % 6 48 =19 25 x6
o ({13] (] @ Q)
Z
10 (0.5-5) 7 =10 47 =14 27 =1 ]! 16 (:lg)
(13 - an - an e
» Zz z z|Z
% 31 =11 18 =1
1-10) Y 7ox12 48 =11
: (16) a @n (16) a9
Z @ ;
z
2 < o |§ -9 =1l
-50 76 =8 49 =13 30 =1
0 o 2 (30 L 35 @n e
L 5
Li—=77 =8 L ——53 =14 L——30 =10 16 =
o e 36 (33) s )

l——(p<0 OS)J
{p<<005)

2 Mean  SD, number of determinations given in brackets.
Student's two-directional t-test, p-values higher than 0.0

5 were considered non-significant. NS,
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their surface (Fig. 1) was quite similar in different
age groups. The values obtained with adult lympho-
cytes (53 = 14 %) were slightly higher than those of
children (47+14%). The difference was not
significant (Tablel).

The distribution of ANAE marker-carrying
lymphocytes was equally similar and no consistent
variation was observed between different age groups
(Fig. 1). The fraction of adult lymphocytes expres-
sing the ANAE marker (77 +8%) was signifi-
cantly (Table 1) larger than the fraction of
lymphocytes distinguished by the AET-SRBC
marker (53 = 14%, p<0.05). The individual varia-
tion (s.d.) was smaller with the ANAE marker than
by using the AET-SRBC method.

Lymphocytes expressing surface immunoglobu-
lin were coated with anti-human Ig and detected by
rosetting them with the Staphylococcus aureus
(StaCw) bacteria. Without anti-Ig treatment, 1-4%
of blood lymphocytes formed »spontaneous« roset-

tes with StaCw particles. In adolescent and adult
blood (Fig. 1), a somewhat smaller fraction of
lymphocytes formed StaCw rosettes (19=12%)
than in cord blood (26 =8%). The difference was
not significant (Table 1). Percentage variation
between the rest of the age groups was small.

The number of lymphocytes expressing the Fe
receptor for IgG was quantified by using artibody-
coated human erythrocytes (EA)} as indator
particles (Fig. 1} The relative distribution of Fe
rosette-forming lymphocytes was slightly higher in
adolescent and adult blood (30+10%) than i
small children (25=6%) or in cord blood
(27+8%). The differences were not significant
(Table 1).

2. Absolute Distribution of the Marker-carnirg
Lymphocytes in Different Age Groups

We have previously demonstrated that no
selective losses of T or B tymphocyte subpopula-

TABLE 1. Relative Distribution and Statistical Analysis of Lymphocytes Carrying the Various Subclass Speafic
Marhers

% of marker-carrying lymphocytes"

StaCw-
Age AET- g
(years) ANAE-L SRBC-RFL EA-RFL RFL
cord blood 70 =8 53 =17 27 =8
1a) a2 a0
05 (0-1) —7 =6 ——a48 =19 =25 =6
o e (6) @
©
Z
- 16 =6
1.0 (0 5-5) 7 =10 47 =14 27 =11 1
a3y A an 2 an g\ a an
2 z z zlz
2 T 18 =11
- £ -7 =12 48 =11 31 211
s o a6 — @n 16 a9
2 - -
Z » 4
~ Z £l =n
—50, 76 =8 49 =13 30 =10
10 G500 2 30) L (35) @n ae)
I_' L — 14 L—30 =10 | ——16 =35
50 (10-75) | L= (:32) 53 " 1 0

l~———(p<0 05)

2} Mean = SD. number of deternmunauons given in brackets.
Student's two-directional t-test. p-+ atues higl

her than 0 05 were considered non-significan

[ T

L—" (p<<005)

1, N.S.
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their surface (Fig. 1) was quite similar in different
age groups. The values obtained with adult lympho-
cytes (53 = 14 %) were slightly higher than those of
children (47+14%). The difference was not
significant (Tablel).

The distribution of ANAE marker-carrying
Iymphocytes was equally similar and no consistent
variation was observed between different age groups
(Fig. 1). The fraction of adult lymphocytes expres-
sing the ANAE marker (77+8%) was signifi-
cantly (Table 1) larger than the fraction of
lymphocytes distinguished by the AET-SRBC
marker (53 £ 14%, p<<0.05). The individual varia-
tion (s.d.) was smaller with the ANAE marker than
by using the AET-SRBC method.

Lymphocytes expressing surface immunoglobu-
lin were coated with anti-human Ig and detected by
rosetting them with the Staphylococcus aureus
(StaCw) bacteria. Without anti-Ig treatment, 14 %
of blood lymphocytes formed »spontaneous« roset-

tes with StaCw particles. In adolescent and adu
blood (Fig. 1), a somewhat smaller fraction ¢
lymphocytes formed StaCw rosettes (191 12%
than in cord blood (26 £8%). The difference w2
not significant (Table 1). Percentage variatio
between the rest of the age groups was small.

The number of lymphocytes expressing the
receptor for IgG was quantified by using antibod;
coated human erythrocytes (EA) as indicatc
particles (Fig. 1) The relative distribution of f
rosette-forming lymphocytes was slightly higher i
adolescent and adult blood (30%10%) than i
small children (25+6%) or in cord bl
(27+8%). The differences were not significa
(Table 1).

2. Absolute Distribution of the Marker-carryit
Lymphocytes in Different Age Groups

We have previously demonstrated that !
selective losses of T or B lymphocyte subpopul

TABLE 1. Relative Distribution and Statistical Analysis of Lymphocytes Carrying the Various Subclass Speci]
Markers

% of marker-carrying lymphocytesa!

SuCw-
Age AET- )
(years) ANAE-L SRBC-RFL EA-RFL RFL
cord blood 70 =38 53 =17 27 =8 =26 (xlg)
(14) (12) (10) e
Z
L
0.5 (0-1) —7 6 48 19 [—25 *6b =19 737)
3 (16) () (4
z
10 (0.5-5) 71 =10 47 =14 27 =11 JEB! 16 (:Ig)
a3 - (n o an gln
©v 1
@ z Z zlz 1
5 a-10) z AV 48 =11 31 =zl 18 (zu,lz)
’7 ({13] 5 @n (16) |
Z @ @A
@ T g ZL g9 =1
-50 76 +8 49 213 T =30 =10
0 650 E G0 L (35) Qn (e
50 (10-75) —LW +8 L —53 =14 L—30 =10 L:ls TSS)
(36) (33) as)

(p<005) L_’_; (6<005)

2) Mean % SD, number of determinations given in brackets

Student's two-directional t-test. p-valtues higher than 0.05 were

(&

considered non-significant. N.S.



TABLE 3. Relative and Absolute Distribution o ANAE, AET-SREC and Surface rarker-carrying Lymphocytes in
E, REC and Surface Ig Al
"ABL el bsol: tributi Mfl g g

£YMPHOCYTE MARKERY
AET-SRBC-
;\ge ) ANAE-L RFL SuCw-RFL
years)
7 %7 52 =7 16 =6
}\dmve d\s)\nb\m&\u 05 female ® . ‘:)ls . (:\6
percenage [ 7R
e 1)) 14) ©)
oSy ™Sy ~NS)
76 *9 54 =14 13 =2
5-75 female o o . (4)7
1’ =N 53 =11 19 =
ke Q2 [v23) [}
™S) [H3:3) NSy
Absolute distribunion 0-5 female 29 l=4 ? 97 1,7(:)0 5 0 5(:)0 1
(pmstosyes x 107 male 32=10 2213 08205
s 19 ©)
™S (Ns) NS)
femal 13205 10204 04201
=18 emle 21 Qn A s
e 15207 11204 0520,
i Qn Qn Y]
NS) (NS§) (-3

¥ Mean + SD, number of determunations given in brackets

Student’s two-directional t-test, p-values higher than © 05 were considered non-Significant, N S

DISCUSSION

Many studies have been published reporting 2
»normale distribution of the T and B

The method used in this study enables exact
quantification of the number of marker-carrying

tions 1 the blood of healthy persons These studies
hase Bbeen based on refauvely smiall maeris,
usually consisting of one age group only With very
few excepuons (Holm er al 1975). no control
experiments have been included 1o exclude selective
depletion of any one of the subpopulauons durng
the necessary ymphocyte punfication procedures.
Hotm et al (1975) and Hayry et al (1977) have
recently defined conditions where na selection takes
place In addition to this. one enzymatical marker
probably enabling direct visuatization of T lympho-
cytes from blood films has been discovered (Miller
efal 1975)and applied to man (Rarki ef al 1976),
1n the light of these observations we considered it

rthw hile to hy and relative
distribution of T 2nd B lymphocytes i the blood of
healthy human sulbjects.

celts and si; of cell morpho-
logy. Thus it also excludes errors caused by any
contanrinating non-lymphocytic cefis. The metaod
is especially practical for clinical purposes, since the
preparations can be made rapidly and the samples
can be stored for later reading.

Most investigators report samewhat higher per-
centages for SRBC rosette-forming lymphocytes
than we do (Ferguson et al 1974; Fleiser et al.
1975, Haliberg & Hallberg 1976; Smith et al. 1974;
Campeell et al. 1974; Holm et al. 1975). This is
probably due to the fact that our requirements for a
wrosetie« are somewhat more strict, and that the
cytocentrifugation procedure used to process the
rgxme‘forming cells onto microscope slides pos-
slb;!h diSTupts some rosettes.

¢ stability of the percentage disteibut
SRBC-RFL in different age groips has a]s‘;c nbemof



tions take place during the purification steps
necessary for reading of the results. This makes it
possible, by counting the total number of white
blood cells and the percentage distribution of
lymphocytes, to calculate the absolute values of
marker-carrying lymphocytes per unit volume of
blood.

Consistent changes in the absolute numbers of
marker-carrying lymphocytes were observed in
different age groups (Fig. 2). The number of AET-
SRBC rosette-forming lymphocytes declined from
2.5+1.2 X 109/, in small children to 1.0 £0.3 X
109/ in adults, and the number of ANAE marker-
carrying lymphocytes from 3.4£1.2 x 10% to
1.2+£0.4 x 109, The changes were highly
significant (p<<0.001, Table 2). A similar decline
was also observed with surface Ig-carrying and EA
rosette-forming lymphocytes. The number of

StaCw rosette-forming lymphocytes declined from
1.220.7 X 109/, in small children to 0.4£0.2 x
109/, in adolescents and adults, and the number of
EA rosette-forming lymphocytes from 1.5£0.7 x
10%/; t0 0.7£0.2 X 10%,. Both changes were
significant (p<<0.001, Table 2).

3. Sex Distribution of the Marker-carrying Lympho-
cytes

Finally, investigation was made as to whether
there was any sex difference in the relative or
absolute distribution of lymphocytes expressing the
ANAE, AET-SRBC or surface-Ig markers. As
shown in Table 3, there was no sex difference in the
refative numbers, although the absolute numbers of
Iymphocytes belonging to any one of the lympho-
cyte subclasses were slightly higher in males thania
females. The differences were not significant.

TABLE 2. Absolute Numbers and Statistical Anal sis of Lymphocytes Carrying the Various Surface Markers per Uni
Volume of Blood

MARKER-CARRYING LYMPHOCYTES x 109/L%

StaCw-
Age AET- .
(years) ANAE-L SRBC-RFL EA-RFL REL
11204
d blood 3009 2110 1204 r
o I I e oW
w wy vl 4
= 2 z 4 ‘2
g _L L L 12207
0.5 (-1} =4 34212 25%1.2 15207 E
v an ® ) i @
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g g g ¥ —07204
1.0 (0 5-5) =] 3.0£0.9 = 1.8£0.6 g 1.0£05 Y I
v a3 16) v, as) &l
= b v
&l & L @
g g g T 5203
5 (1-10) § 2210 8 12206 S 0805 Ho.(m
V| a9 G| o Ll o o
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=z 02
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{p<0,05) (p<0.001)
® Mean 28D mumber of e et “ g:;kg.%s were considered non-significant, N.S:N.D. = notdone

Student's two-directional t-test, p-values higher

68
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recorded before (Ferguson et al. 1974; Hallberg &
Hallberg 1976; Fleisher et al. 1975), though a
rather consistent finding is a slight increase in the
percentage of SRBC rosette-forming cells during
adolescence and aduithood. This observarion was
also made here, although the difference was not
significant statistically. Matsaniotis ef af, (1974) and
Diaz-Jouanen et al. (1975) have claimed that
newborn infants have very low percentages of
SRBC rosette-forming cells in their circulation.
These observations could not be verified here.
When the numbers of ANAE marker-carrying
lymphocytes and SRBC rosette-forming lymphocy-
tes were expressed as absolute values per umit
volume of blood, the number of lymphocytes
carrying either one of these markers was 2.5-3
times higher in cord blood and in newborn than in
the adult population. This is consistent with the
generally known decrease in the absolute numbers
of fymphocytes from newborn to adult life.

Our observations on the number of surface Ig-
bearing Iymphocytes are compatible with those of
several other investigations using immunofluore-
scence. Most investigators report that approxima-
tely 15-18% of Sig-bearing lymphocytes are
present in adult peripheral blood (Holm et al. 1975;
Froland & Natvig 1973; Campbell et al. 1974; Uga-
zio et al. 1974). However, the StaCw rosette method
does not have the handicap (easily encountered with
the fluorescent method if anti-Ig Fab fragments are
not used as FITC-conjugated tracer) that also
monocytes binding immune complexes on their
surface are included in the counts.

The number of EA rosette-forming lymphocytes
was clearly higher than the number of lymphocytes
expressing surface Ig. This observation is compa-
tible with the fact that in addition to B lymphocytes
(Basten et al. 1972) also some T cells {Basten ef al
1975) possess the Fc receptor, and that a subpopula-
tion of lymphocytes exists which displays the Fc
receptor, lacks the ability to bind erythrocytes and
does not express Ig on their surface either (Jondaf ef
al. 1973).

‘We consider it important to give both absolute
and relative values for T and B lymphocytes in
clinical practice, and, when absolute values are
given, to report also the corresponding control
values for the respective age group.
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IN THE INITIATION OF THE C3b-DEPENDENT
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The influence of actvated Cls, Clr and properdin m the flud phase mtiation of the C3b-dependent
feedback mecharusm of the human complement was studied It was found that Cls caused conversion
of CY and factor B 1n a normal serum, but not 1 a serum genetcally deficient 11 C4 or in 4 serum 1o
winch N2;EDTA had been added When a normal serum was incubated with Clr before mcubam.n
with Cls, only C3 was converted, whereas factor B remaied in the unaltered native state Properdin
4d not 1nfluence the CTs mediated conversion of C3 and factor B When activated pmpcrdl_n was
added to a properdm-depleted serum, both C3 and factor B were converted. Activated properdin was
also incubated with purified C3 and punfied C3b It was shown that C3 was converted to C3b, but
C3b was not degraded despuie profonzed incubation
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Together with factor B and activated factor D (D)
C3b forms 3 complex, C35B, which enzymatically
cleaves C3 1nto C3a and C3b {16) The complex 15
self-assembling 1n the presence of C3b with an
Increased turnover of C3 as a result This C3b
dependent feedback mechanism serves as an ampli-
fication loop tn the complement activation and 1s
efficiently controlled by the C3b inactvator, which
cleaves C3b 1nto Cc and C3d (19).

Although B and D by definition belong to the
alternate pathway of complement activation, there is
evidence that also the classical activation pathway
@n trigger off the C3b dependent feedback (6).
However, these imestigations were presented wit-
hout detailed documentation,

1t has been postulated that properdin plays a role
@ the earty actnation steps of the alternate pathway
QAT We have Previously reported that activated

feedback mechanism Recently, however, it was
claimed that the major role of properdin would be to
stabilize generated C35B complexes by preventing
decay of factor B (4, 15) This paper describes
tmmunochemical amalyses of the interaction bet-
ween the two complement activation pathways in
the fluid phase, especially the effects of activated
Cls, Clr and properdin.

properdin can convert porified C3 into C3b thus
making possible assembly of the C3b dependent

MATERIALS AND METHODS

Normal human serum (NHS) was obtained from appa-
rently healthy blood donors and was frozen m aliquots at
~80° C withun 2 hours of collection.

Preporation of Complement Components
Actnated Cls was Pprepared as described by Haines &
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Fig 2 Immunoelectropheresis of factor B Anu-B in the
trough and anode to the right A NHS incubated wath
CTs B NHS contuning NajEDTA, 10 mmoles/|
wcubated wath Cls € €4 deficient serum incubaed

with Cls D C4 deficient serum incubated with inulin
E NHS

Two pg Cls was also added to humap serum
geneucally deficient in C4 Analys:s after incubation
for 30 munutes at 37° C showed both Band C3
an unaltered natve state (Fig | and 2). Inuhn
teatment of the C4 deficient serum gave a strong
comersion of C3 and B indicaung a normal
fuscuon of the alternate pathway These expery-
ments showed that activated Cls cannot react with
tomponents 1 the alternate pathway to generate
C3bor to activate B n a C4 deficient serum, even
when the alternate pathway 15 mntact. a5 judged from
treatment with smuln  Analyss of P i the
expeniments above by crossed immunoelectropbore-
us did not show any detactable shift in the
¢lectrophoreuc postuon of the protein compared
with an untreated serum

Effect of CTr -

Ten 1l of a highly punfied preparaton of Clr,
contaung twice the amount Clr m a pool of
normal sera, were incubated with 40 ul of a normal
buman serum for 30 minutes at 37° C Analysis of
C3and B did not show any conversion of either of
the two components (Fig 3 and 4) However, a
lonening 1n the Yevel of macromolecular C1 and a
formauon of complexes between Clr, Cls and the
€1 inhibrtor was recorded (13)

Incubation of 40 yt of sormal human serym with
10wl of the CIr preperation at 37° C for 15
minutes foliowed by mcubation with Cls at the
same emperature for 30 munutes resulted m a

Cc3

bl

Fig 3 Crossed immunoelectrophoresis with ant-C3 in
the gel Anode 15 to the nght. A NHS wcubated with
Clr B_NHS icubated with Clr followed by mcubation
with Cls C NHS incubated with a Cir-Cls complex.
D NHS The electrophoretic pattern of normal serum 18
@iven for reference

Fig 4. immunoelectrophorests of factar B. Anni-B
. An-B i
trough and anode o the right. A NHS incubatod :t:;
Cir. B NHS incubated with a C1r-Cls complex D The
Same muxture as 10 B rewcubated wan inubin. E NHS,



Lepow (8). The preparation had an activity of 397 kU/1
as determined by pH-stat titration {11).

Activated Clr was purified according to Laurell ef al.
(12). The preparation was activated by incubation at 37°
C for § minutes as described by Ziccardi & Cooper (23).
The preparation contained Clr protein in a concentration
twice that of a normal serum pool, as determined by the
electroimmuno assay (22).

Activated properdin (P) was prepared as described
previously (9). C3 was prepared essentially according to
Nilsson & Muiller-Eberhard (18) as described previously
9).

C3b was generated from purified C3 either by mild
trypsination or by incubation with C42 (10).

Activated Clr-Cls complexes were_prepared by
mixing equimolar amounts of Clr and Cls in triethano-
lamine buffered saline (TBS) 0.15 moles/1, pH 7.4,
containing Ca* * 2 moles/ 1. The mixture was incubated
at 37° C for 15 minutes and the complex formation was
tested by crossed immunoelectrophoresis with an antise-
rum against Cls in the gel as previously described (12).
All the Cls was complexed to Clr.

Human serum genetically deficient of C4 was available
at the laboratory (Sjsholm et al., to be published).

Antisera

Antisera against Cls, C3 and B were raised in rabbits
as described by Sjoholm (21) Antiserum against P was
obtained as described previously (9).

Affinity Chromatography

Normal human serum was depleted of properdin by
affinity chromatography. The IgG fraction of an
antiserum against P was coupled to Sepharose 4B by the
CNBr method (2). The immunosorbent was packed into
a column (1 X 15 ¢m) and equilibrated with Tris 0.1
mole/ |, pH 7.4, containing Na;EDTA 10 mmoles/]
To 10 ml normat human serum Na;EDTA was added 1o
the same concentration and the serum was passed over
the immunosorbent twice Before use, the serum was
extenstvely dialyzed against barbital/HC! buffer 75
mmoles/1, pH 7.5, followed by concentration to the
original volume with the use of a Diaflo device equipped
with a UM-2 membrane. Mg* * and Ca * * was added
to the concentration of 2 mmoles/|, respectively On
immunodiffusion the serum proved immunochemically
deficient in P.

Elecirophoretic Procedures

C3 conversion products were detected by crossed
immunoelectrophoresis {10} The same method was also
used for analysis of macromolecular Cl1 and CI
subcomponents, as described previously (12) Conver-
sion of B was analysed by immunoelectrophoresis
according to Scheidegger (20)

The electrophoretic mobility of P in agarose was
determined by crossed immunoelectrophoresis (5) Both
electrophoreic steps were done 1 a 75 mmoles/1
barbital/HC! buffer, pH 8.6, contaiung Ca** 2
mmoles/ | The second electrophoretic siep was perfor-
med with a potential of 4 V/cm for 20 hours.

RESULTS

The following experiments were performed 1o
establish whether the C3 convertase assembled by
the components of the classical activation pathway,
C42, can initiate the C3b dependent feedback
mechanism in fluid phase. Experiments designed to
elucidate the role of properdin were also performed

Effect of CTS_

Two pg Cls was added to 20 pl normal human
serum and the mixture was kept at 37° C for 30
minutes. Analysis of factor B showed activation o
B, and crossed immunoelectrophoresis of C3
revealed a partial conversion to C3c (Fig. 1 and 2)

When the same amount of Cls was added to 20
pl normal serum containing 10 mmoles
NaEDTA/|, neither B nor C3 were converted
(Fig. 1 and 2).

C3

rig 1 Crossed immunoelectrophoresis with anu—CJAln
(hf gel. Anode 1s to the right. ‘A. NHS ncubated with
Cis B NHS contaning NaEDTA. 10 mmoles/,
1ncubated with Cls. C. C4 deficient scrum_mqlbal_
with Cls. D, C4 deficient serum incubated with inulin
E NHS The electrophoretic pattern of normat serum 15
given for reference.



DISCUSSION

The present investigation was designed 1o elucidate
the ability of Cls and Clr to iitiate the C3b
dependent feedback mechanism in the fluid phase.
The participation of properdin in triggering off the
feedback was also studied
The results confirm that on incubation with
actvated Cls, both C3 and factor B were converted
10 Clc and B, respectively, which has been reported
earlier (6) Mav & Frank m 1973 reported a new
ediated cytolytic h which
they called the C1-bypass acuvatton pathway (14).
They found that heavily sensitized sheep erythrocy-
tes could be lysed in a C4-deficient guineapig serum
by activaung the complement sequence at the C3
level, thus bypassing C4 and C2 This pathway was
probably imtiated by the antibody-mediated activa-
o of C! We were not able to confirm this
anatiae mechanism in the (uid phase. However,
1t must be stressed that the test systems were not the
same When 2 serum genetically deficient in C4 or a
serum to which Na;EDTA bad been added in ex-
€xs3, was incubated with activated Cls, neither C3
oor B was converted. Fi the Cd-defi

probably the only, role of properdin in the activation
of the alternate pathway, is to stabilize the Cc3
converting enzyme C3bB by preventing B to decay
(4, 15) In the present investigation, Cls is added to
a serum in which P has been removed by immune
adsorption, and the degree of C3 and B conversion
does pot differ from what is found in_a normal
humas Serum on incubation with Cls in the
persence of P in physiological amounts. Further-
more, in our hands inulin, which in a normal serum
causes a very strong conversion of both C3 and
Bupon incubation, did not initjate any conversion of
these components when added to a P-depleted
serum. We think that these results indicate that P
might have another function beside that of stabili-
2ng C3bB. Evidence for such 2 function was
reported in 1974 by Gitze & Miiller-Eberhard (7)
who observed conversion of C3 and B in a normal
serum on addition of P which was purified to
homogeneity. Using highly purified preparations we
previously reported that P converted C3 to C3b (9).
These experiments have been repeated with the use
of different preparations of C3 as well as P.
Prolonged 1ncubation of C3b with P was not

servm showed B conversion after incubation with
tnuhin which excludes abnormalities of the alternate
pathway. Evidently, the C3 convertase, €432,
asserbled through activation of the classical path-
%3y, generates C3b which 1n the presence of factor
B and D witiates the C3b-dependent feedback
mechanism Thus means that conversion of B to B
caanot be used to differentiate between classical and
altemate pathway activation

When activated Clr was added to normal human
serum, a lowering of the Jevel of macromolecular
C! and a complex formation of CTr, CTs and the
Ct wmhibtor was observed which reflected an
vation of macromolecutar C1 (12) However, C3
and B were not converted as nught be expected from
e results where CTs was added to serum Further
1B¥estigations _are needed to explamn this finding
Addiuon of CTs 10 Clr treated serum did not result
o conversion of B or was accompanied by a
:"ﬂ\emon of 2 very low grade, while the conver-
!K:n“uf C3 was of the same extent as when the
- ZnT\ns Incubated with Cls alone Incubation of
dmmr treated serum with 1nuln resulted 1n an
o complete conversion of B ndicating that the
e r;\l\:nr;lase assembled by the alternate pathway
comened uenced by Cir. The reason why B 1s not
expland ;;;lﬂ B despite presence of C3b cannot be
B gt ;\h;‘ :r&nl expenments It 1s known
spltied (1, 3), enzrymatic activity without being

1has recently been claumed that the magor, and

d by any bl of
the C3b molecule, a fact that strongly suggests that
the observed C3 conversion is due to P and not to a
contaminating protease, since C3b is quite suscep-
tible to proteolytic digestion. Based on these
observations we conclude that the activated P does
generate C3b from native C3 in a direct manner
thus providing C3b for initiation of the C3b-
dependent feedback machanism.

Thus work was supported by grants from the Swedssh
Medical Research Council (Grant B78-16X-00068-14A)
and from Alfred Ostertunds Suftelse.
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conversion of C3 to C3c. In contrast, B was
unaltered or showed a very slight conversion to B.
On reincubation of the mixture with inulin,
conversion of B was massive (Fig. 3 and 4).

Effect of Cir-Cls Complexes

Incubation of serum for 30 minutes at 37° C
with preformed Clr-Cls complexes corresponding
to 2 pg Cls/20 pl normal serum, showed both C3
and B conversion to the same extent as if only Cls
was added to the serum (Fig. 3 and 4).

C3

Fig. 5 Crossed immunoelectrophoresis with anti-C3 1n
the gel. Anode 15 to the nght. A NHS depleted of P
incubated with CTs B NHS depleted of P incubated with
P. C Punfied C3 tncubated with P D C3b incubated
with B. E. NHS depleted of P ncubated with inulin. The
electrophoretic pattern of normal serum s given for

reference.
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Fig. 6. Immunoelectrophoresis of factor B. Anti-Binte
trough and anode to the right. A. NHS depleted of P
incubated with Cls. B NHS depleted of P incubated with
P. C. NHS depleted of P incubated with inulm D NHS

Effect of Properdin

The influence of P in the Cls mediated conver-
sion of C3 and B was investigated with the
following experiments. Two pg Cls was added to
20 pl serum depleted of P by immune adsorption.
and the mixture was incubated for 30 minutes at
379 C. Tt was found that C3 and B were converted
to approximately the same degree as when Cls was
added to an unadsorbed normal serum (Fig. 3 and
6). To exclude the possibility that the obsenied
activity of the Cls preparation was due 10 2
contaminating protease, 10 pg of highly purified C3
was incubated with 2 pg Cls in the presence of
mmoles/1 Mg* *. After 30 minutes at 37°CC3
was analysed with crossed immunoelectrophoresis
No conversion was noted. .

To detect any possible differences in conyersion
of C3 and B upon incubation of 2 P depleted serum
with CTs and inulin, respectively, inulin was adéd
to the P depleted serum used in the CTs incubation
experiment. Analysis showed that both C3 and B
remained m their unaltered native states (Fig. 5 and
6). Addition of highly purified P to the P depleted
serum resulted in conversion of C3 and B (Fig. 3
and 6).

Twenty pl of the P preparation containing about
50 pg P/mi was added to 20 pl of purified C3
pg/pb), and the mixture was incubated at 37°C for
30 minutes. Crossed \mmunoelectrophoresis sho-
wed a partial conversion of C3 to C3b (Fig. 5
When the same amount P (1 pg) was added t0 10 pg
C3b followed by incubation at 37° C for 30, 60,and
90 minutes, respectively, no degradation of the C3b
molecule was detected (Fig. 5).



DISCUSSION

The present investization was designed to elucidate
the ablity of Cls and Clr to initiate the C3b
dependent feedback mechanism in the fluid phase.
The participation of properdin in triggering off the
feedback was also studied.

The results confirm that on incubation with
activated Cls, both C3 and factor B were converted
10 Clc and B, respectively, w hich has been reported
earber (6) May & Frank in 1973 reported a new

echated cytolytic ism which
they called the C1-bypass activation pathway (14).
They found that heavily sensitized sheep erythrocy-
tes could be tysed in a C4-deficient guineapig serum
by actvating the complement sequence at the C3
fevel, thus bypassing C4 and C2. This pathway was
probably mutzated by the antibody-mediated activa-
von of Cl. We were not able to confirm this
adtnation mechanism in the flud phase. However,
\must be stressed that the test systems were not the
same When a serum genetically deficient n Cd or a
serum to which Na;EDTA had been added in ex-
cess, was incubated with activated Cls, neither C3
sor Bwas converted F the C4-defi

probably the only, role of properdinin the activation
of the alternate pathway, is to stabilze the C3
converting enzyme C3bB by preventing B to decay
{4, 15). In the present investigation, Cls is added to
a serum in which P has been removed by immune
adsorption, and the degree of C3 and B conversion
does not differ from what is found in 2 pormal
hueman serum on incubation with Cls in the
persence of P in physiological amounts. Further-
more, in our hands inutin, which in 2 normal serum
causes 3 very stroog comversion of both C3 and
Bupon incubation, did not initiate any conversion of
these components when added to 2 Pudepleted
serum. We thunk that these results indicate that P
mught have another function beside that of stabili-
zng C3bB. Evidence for such a function was
reported in 1974 by Gérze & Miller-Eberkard (T)
who observed conversion of C3 and B in 2 normal
serum on addition of P which was purified to
homogeneity. Using highly purified preparations we
previously reported that P converted C3 to C3b (9)
These experiments bave been repeated with the use
of different preparations of C3 as well as P.
Prolonged incubation of C3b with P was not

serum showed B conversion after incubation with
inuhin which excludes abnormalities of the alternate
pithway. Evidently, the C3 convertase, C32,
assembled through activation of the classical path-
%3y, generates C3b which 1n the presence of factor
B and D mitiates the C3b-dependent feedback
mechanism This means that converston of B to B
cangot be used to differentiate berween classical 2nd
shernate pathway activation.

When activated Clr was added to normal human
Serum, a lowering of the fevel of macromolecular
Cl 2nd a complex formation of CTr. Cls and the
Clinhibitor was observed whuch reflected an
#ctvaton of macromolecular C1 (12} However, C3
nd B were not converted as nught be expected from
ﬂumgxls where Cls was added to serum Further
lnvestigations are needed to explam this finding
Additon of Cls o Clr treated serum did not result
: conversion of B or was accompanied by a
. 2¥ersion of a very low grade, while the conver-

o0 of C3 was of the same extent as when the
If\lm_ms tncubated with Cls alone Incubation of
< Clr treated serum with mulin resulted un an
o :1 Ccomplete conversion of B indicating that the
b nvertase assembled by the alternate pathway
m“v:z\;nnuengad by Flr The reason why B is not
ey :’nlo B despite presence of C3b cannot be
tuh mlgh{ ::: eprtscnt expenments It 15 known
Dhtied (1 3 enzymatic activity without being

1
tbas tecently been claumed that the magor, and

jed by any fr of
the C3b molecule, a fact that strongly suggests that
the observed C3 conversion is due to P and not 10 a.
contamenating protezse, since CIb is quite suscep-
tible to proteolytic digestion. Based on these
observanons we conclude that the activated P does
generate C3b from native C3 1 2 direct manner
thus providing C3b for ingtiaion of the C3b-
dependent feedback machanism,
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conversion of C3 to C3c. In contrast, B was
unaltered or showed a very slight conversion to B.
On reincubation of the mixture with inulin,
conversion of B was massive (Fig. 3 and 4).

Effect of Clr-Cls Complexes

Incubation of serum for 30 minutes at 37° C
with preformed Clr-Cls complexes corresponding
to 2 pg Cls/20 pl normal serum, showed both C3
and B conversion to the same extent as if’ only Cls
was added to the serum (Fig. 3 and 4).

C3

AN
AN

CSb' lC3c

Fig 5 Crossed immunoelectropharesis with anu-C3 1n
the gel. Anode is to the nght A NHS depleted of P
incubated with CTs B NHS depleted of P mcubated with
P. C._Purified C3 mncubated with P D C3b 1ncubated
with P. E. NHS depleted of P incubated with inulin The
electrophoretic pattern of normal serum 1s given for
reference
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Fig. 6. Immunoelectrophoresis of factor B. Ant-B in the
trough and anode to the right. A. NHS depleted of P
incubated with Cls. B. NHS depleted of P incubated with
P. C. NHS depleted of P incubated with inulin D NHS

Effect of Properdin

The influence of P in the Cls mediated conver-
sion of C3 and B was investigated with the
following experiments. Two pg Cls was added to
20 pl serum depleted of P by immune adsorptien.
and the mixture was incubated for 30 minutes at
37° C. 1t was found that C3 and B were converted
to approximately the same degree as when Cis was
added to an unadsorbed normal serum (Fig 5 and
6). To exclude the possibility that the observed
activity of the Cls preparation was due to 2
contaminating protease, 10 pg of highly purified C3
was incubated with 2 pg Cls in the presence of 2
mmoles/1 Mg+ +. After 30 minutes at 37°C (;3
was analysed with crossed immunoelectrophoresis
No conversion was noted. i

To detect any possible differences in comersion
of C3 and B upon incubation of a P depleted serum
with CTs and inulin, respectively, inulin was adfiad
to the P depleted serum used in the Cls incubation
experiment. Analysis showed that both C3 and B
remained in their unaltered native states (Fig. 3 and
6). Addition of highly purified P t0 the P depleted
serum resulted in conversion of C3 and B (Fig 5
and 6). .

Twenty pl of the P preparation containing about
50 pg P/ml was added to 20 pl of punfied C3 2
pg/ud), and the mixture was incubated at 37_° Cfor
30 minutes Crossed immunoelectrophoresis sho-
wed a partia) conversion of C3 to C3b (Fiz. 5)
When the same amount P (1 pg) was added to 10 y8
C3b followed by incubatton at 37° C for 30, 60, and
90 minutes, respectively, no degradation of the C3b
molecule was detected (Fig. 5).



DISCUSSION

The present investigation was designed to elucidate
the ability of €1s and Clr to initiate the C3b
dependent feedback mechanist in t}le ﬂpid phase.

probably the only, role of properdin in t‘h‘e activation
of the alternate pathway, is to stabilize the C3
converting enzyme C3bB by preventing B to decay
(4, 15). In the present investigation, Cls is added to
a serum in which P has been removed by immune

€ P of properdin 1 offl the
feedback was also studied. .
The results confirm that on incubation with
activated Cls, both C3 and factor B were converted
10Clcand B, respectively, which has been reported
earlier (6) May & Frank in 1973 reported a new
ediated cytolytic which
they called the C!-bypass activation pathway (14).
They found that heavily sensitized sheep erythrocy-
tes could be lysed 1n a C4-deficient guineapig serum
by activating the complement sequence at the C3
level, thus bypassing C4 and C2. This pathway was
probably imtiated by the antibody-mediated activa-
tion of Ct We were not able to confirm this
actvation mechanism in the fuid phase However,
It must be stressed that the test systems were not the
same When a serum genetically deficient in C4 ora
serum 10 which Na;EDTA had been added in ex-
<253, Was incubated with actvated Cls, nesther C3
or B was converted Furthermore, the C4-defici

ion, and the degree of C3 and B conversion
does not differ from what is found in_a normal
human serum on incubation with Cls in the
persence of P in physictogical amounts. Further-
more, in our hands inulin, which in a normal serum
causes a very strong comversion of both C3 and
Bupon incubation, ¢id not initiate any conversion of
these components when added to 2 P-depleted
serum. We think that these results indicate that P
might have another function beside that of stabili-
zing C3bB. Evidence for such a function was
reported in 1974 by Gotze & Maller-Eberhard (1)
who observed conversion of C3 and B in 2 normal
serum on addition of P which was purified to
homogeneity. Using highly purified preparations we
previousty reported that P converted C3 10 C3b(9)
These experiments have been repeated with the use
of different preparations of C3 as well as P.
Prolonged incubation of C3b with P was not

serum showed B converston after incubation with
teuln which excludes abnormalities of the alternate
pathway, Evidently, the C3 convertase, C42,
assembled through activation of the classical path-
way, generates C3b which in the presence of factor
B and D initiates the CIb-dependent feedback
wechasm This means that conversion of B 1o B
<annot be used to differentiate between classtcal and
alternate pathway activation

When activated Clr was added to normal human
serum, 2 lowering of the level of macromolecular
Ct and a complex formaton of Cir, Cls and the
Cl inhibitor was observed which reflected an
actiyation of macromolecular C1(12) However, C3
and Bwere not converted as might be expected Trom
the results where Cls was added to serum. Further
B¥estigations_are needed (0 explain tiss finding
Addition of CTs to Clr treated serum éid not result
o of B or was by a
conversion of a very low grade, whule the conver-
sion of €3 was of the same extent as when the
Serum was incubated with Cls alone Incubation of
the Clr treated serum wath inulin resulted m an
almost complete conversion of B mdicating that the
C3 convertase assembled by the alternate pathway
Was not influenced by Clr The reason why B s not
comerted 1nto B despite presence of C3b cannot be
:;ih:ed by the present experiments. It 15 known

t B might have enzymatic
sphuted (1 3), nzy! activity without being

1t has recently been claimed that the major, and

by any of
the C3b molecule, a fact that strongly suggests that
the observed C3 conversionis due to Pand not to
contaminating protease, since C3b Is quite suscep-
tible to proteolytic digestion. Based on these
observations we conclude that the activated P does
generate C3b from native C3 in a direct manner
thus providing C3b for intiation of the C3b-
dependent feedback machanism
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IMMUNOPROLIFERATIVE ALTERATIONS
IN LYMPHOID TISSUES AND LIVER IN MICE
STIMULATED WITH CORYNEBACTERIUM PARVUM
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Fllegaard, 3. Starklint, H. Kragballe, K & Dimitrov, N V Immunoproliferative al(eralmns'in
Iympheid tissues and Liver 1 muce sumulated with Corynebacterium parsum Acta path microbiol
scand Sect. C, 86 79-33, 1978

Morphotogical alterations in the spleen, hver. lymph nodes, thymus, bone marrow and blood were
studied in DBA and Balb/C muce treated with Connebactertum parvum The spleen lymph nodes and
Iiver increased 1n s1ze and weight, whereas thymus showed decrease 1n weight compared to the control
group A marked. early proliferaton of monocytes in the bone martow preceded infiltrauons by
macrophages 1n lymph nodes. spleen and hver These filtrations were closely related to the vascular
structures, became nodular and decreased around day 12 after the injection A rapid increase in the
mumber of monocytes and transformed lymphocytes of the penpheral blood were noted almost
1mmediately afier the admimstration of the vactine No relauonstup between the degree and duration of
the histological changes. strain of mice, and number of 1noculations was found 1t is suggested that the
merease in size and weight of the lymphoid organs and the Liver 1s primarily caused by invasion of
macrophages. perhaps secondary to a preceding proliferation of monocytes in the bone marrow

Key words € parvum, granutoma,

Jorgen Ellegaard, Depantment of Medicine 11 (Hematology) Aarhus Amtssygehus, DK-8000 Aarhus C,
Denmark.
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Con nebacterium parvum (C parvum) and other
stramns of anzerobic corynebacteniae have been
d o exert 2 i

MATERIAL AND METHODS

Male CBA and Balb/C mice, 5~6 wecks old, weighing
bet:un ItK and 25 grams were obtaned from inbred,

upon the reticuloendothelial system resulting in an
activated macrophage function and enlargement of
bver, spleen and lymph nodes (2, 4, L1, 13, 20).
However, the available information about the

stocks at Umiversity of Aarhus. The mi
were fed with standard mice food and water ad I1b|$::
Injection schedule- Cory nebactersum panum vaccine
Was obtained 25 3 stertle, formatin-Xilled suspension of
the microorgamusms 1 2 ml ampules (4 mg} from

following
with C parvum is fragmentary The present study
#as undertaken i order to examine m detail the
sequence of histological and cytological alterations
m bone marrow, blood, lymph nodes, spleen,
thymus and liver 1 mice using various schedules
for admumstration of the vaceine.

Merieux L . Lyon, France.
Three protocots with dufferem schedules were used for
short term experiments lasting 18 days. In €ach protocol.
twenty-one mice of both strams. ‘were mjected in'.rzpen:
toneally with 0 25 ml C. parvim vaexine (95 mg) 1n
protocol A the mice were injected on day | only,
protocol B on days 1 and 3, and in protocol C on gar |
3 and 5. Twenty-one mice of each strain servedy:s z
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Fig 3 The relauve weight of the lver 1 Batb/C and
DBA-muce after myection of C parsum. For detals. see
Fig |

weight of the livers was noted on day 10 after 2
yecuions of C. parviem (schedule B). In DBA-mice
the average increase in the weight of the livers was
not related to the number of injections and the
maximum increase in liver-weight was noted on day
12 after a single injection. The effect of C parvum
was stll noticeable on day 18 1 both strams, but
more pronounced tn the DBA-muce group In the
control mice the relative weight of the livers
remained constant

Histological Findings wn the Lymphoid Organs and
the Lner

Spleen In the injected muce a proliferation of
macrophages was found after the third day constitu-
ung a mantle zone between the white 2nd the red
pulp (Fig 4} This zone was progressing mn size
reaching a maximum at day 10. At that ume all the
cells at the margin of the follicles of the white pulp
were macrophages The area between this nm of
cells and the red pulp contamned several types of
cells, most of them also macrophages These
2ppeared as mononuclear cells with oval or bean-
shaped nucler and dll-defined cell margns. The
nuclear chromatn was finely dispersed without
promunent nucleoh The cytoplasm was faint 1n
stamng with hematoxyl, . May-G vald:

Fig 4 Spleen from DBA mouse sumulated twice with
Con nebactertum pars um vaceine and sacrified on day 8
Promment mantle zones are seen between the compart-
ments of the splenc pulp WP = white pulp RP = ed
pulp MZ = mantle zone (Naphtol AS-D chloro acewte
esterase (CAE) (Onignal magnification x 30}

Fig 44 Detail of mante zone shown above Most
cells tn the cenral part of the picture

ofthe
possess the

Giemsa. and methyl-green pyromn. whereas naph-
101 AS-D chloroacetate esterase was totally negative
(Fig 4 A) The macrophages of the rim at the
margw of the follicles and most of the cells n the
mantle-zones showed strong positive reaction in
frozen sections stained for non-specfic esterase (Fig
5 &5 A), but was negauve for fluonde resistant
esterase The acid phosphatase reaction Was positive
n the same areas and cells On the capsule

{©nginat

of o
x 200)

aggregates of cells appeared w
logical and staining characteristics as descril

above (Fig 6) From day 12 the border beme':e::ll)r;
mantle zone and the red Pulp became indistinguis.
hable. The white pulp jself showed no visible
ahe_m‘!mns o morphology or cellutar composition,
Suainiog of the red pup with napho) Am g

ith the same morpho-



control group receiving no injections, but kept and fed as
the injected animals.

According to each protocol, three injected mice and
three control mice of each strain were sacrificed on days
1,3,5,8,10, 12 and 18.

Histological and Cytological Preparation

From all mice bone marrow from the upper end of the
femoral bone was immediately smeared and stained by
the May-Grunwald-Giemsa technique Blood was drawn
from the heart, smeared and stained using the same
hni Mi Di i and differential
countings of 200 cells were carried out at 1000 X
magnification by conventional light microscopy. The
intact amimals were weighed as were the liver, spleen and
thymus after immediate removal. One-third of each
spleen was immediately deep-freezed and kept at —70°C.
The remaining part of the spleens and the other organs as
well as some lynph nodes were fixed in 10% buffered
formalin, embedded in paraflin wax and cut in 6 microns
thick slices The histopathological features were studied
after staining with the haematoxylin-eosin-, the van
Gieson-Hansen-, the May-Grunwald-Giemsa and the
Gordon-Smith reticulin staining. One animat from each
strain, protocol, and day was further studied by staming
with methyl-green-pyronin-, and naphtol AS-D chloro-
acetate esterase ique (14). Reactions of pecili
esterase (17), Muorideresistant esterase (24) and acid

(14) were i gated on frozen sections of

the spleens.

RESULTS

Effect of C. parvum on the Weight of Organs
Spleen. The spleens increased remarkably in size
and the relative weight, i.e. the weight of the spleen
corrected to a total body weight of 20 grams,
increased from day 3 and reached a maximum in
both strains of mice around day 10-12 after
injection of C. parvum (Fig. 1). A 200 per cent
increase in weight was reached in Balb/C mice after
one 1injection only. No further increase in weight
was seen after additional injections in either strain.
For the most part the increase in spleen weight was
higher 1n DBA than in Balb/C mice. After 18 days
the stimulatory effect of the vaccine had decreased
and the weight of the spleens in both strains
approximated the control level In the untreated
control animals the relative werght of the spleen
remained constant throughout the experiment.
Thymus. In contrast 1o what was found in the
spleens, the thymus showed a progressive involu-
tion after injection of C parvum (Fig 2), this effect
being most pronounced after 2 and 3 injectgons
(Schedule B and ) In Balb/C mice a minor
increase in the weight of the thymus was inili_ally
seen, followed by a rapid decrease, maintained
throughout the rest of the experiment. No such

80

Relative weight
in grams
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Relative weight
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1

0

Il .

Fig. 1. The relative weight of the spleen. i e. the weightof
the organ corrected to a total body weight of 20 grams.in
two strains of mice (Balb/C and DBA) after one {A). tho
(B) and three (C) intraperitoneal injections of C. panum
The timing of the injections 1s indicated by arrows The
mean = SD for the controls is shown by herzontzl
lines. The number below the columns ndicate the days
after the first injection of C. parvum
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Fig 2. The relative weight of the thymus in Balb{C and
DBA-mice after 1ngection of C parvum For details, se¢

Fig. 1.

pattern was found in DBA-mice where the _weighl
og the thymus decreased from the very beginning.
reaching lower levels than the controls at the gnd of
the study. The relauve weight of the thymus in the
control group remained constant during the first
10-12 days with slight decrease thereafter. .
Liver. The livers increased in size and weight
after injections of C. parvum but the increase was
relatively less as compares to that of the sglecns
(Fig. 3). In Balb/C mice a maximal increase in the
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Fig 3 The relatve weight of the ver 1n Balb/C and
DBA-mce afier mjection of C panum For detals. see
Fig |

weight of the livers was noted on day 10 after 2
wjections of C parvum {schedule B} In DBA-mice
the average increase m the weight of the livers was
not related to the number of injections and the
maximum increase i liver-weight was noted on day
12 afier a single injection The effect of C parvum
was stll noticeable on day 18 1n both strawns, but
mote pronounced n the DBA-mice group. In the
control mice the relanve weight of the livers
remained constant

Histological Findings w the Lymphoid Organs and
the Lner

Splecn n the injected mice a proliferation of
macrophages was found after the third day constitu-
tng a mantle zone between the white and the red
pulp (Fig 4) This zone was progressing in size
reaching a maximum at day 10 At that ume all the
cells at the margmn of the follicles of the white pulp
were macrophages The area between this nm of
cells and the red pulp contained several types of
cells. most of them also macrophages These
2ppeared as mononuclear cells with oval or bean-
shaped nucler and dl-defined cell margins The
nuclear chromatn was finely dispersed without
Promunent nucleoh The cytoplasm was faint
staming with hematoxylin-eosin, May-Grunwald-
Giemsa, and methyl-green pyronun, whereas naph-
tol AS-D chloroacetate esterase was totally negative
(Fig 4 A) The macrophages of the rim at the
margin of the follicles and most of the cells the
mantle-zones showed strong positve reaction in
frozen secuons stasned for non-specific esterase (Fig.
5 & 5 A but was negauve for fluoride resistant
esterase The acid phosphatase reaction was posiuve
n the same areas and cells Op the capsule

Fig 4 Spleen from DBA mouse sumulated twice with
Cory nebacterium parsuni vaccine and sacnified on day §
Prominent mantle zones are seen betwesn the compart-
ments of the splenic pulp WP = white pulp RP = red
pulp MZ = mante zone {Naphtot AS-D chloro acetate
esterase (CAE) (Origina) magrufication x 30)

Fig 4_A Detait of mantle zone shown above Most of the
cells in lh_e central part of the picture possess the

of o
magmficanon x 200) riginal

aggregates of cells appeared with the same morpho-
logical 2nd stayning characteristics as described
above (Fig 6) From day 12 the border between the
mantle zone and the red pulp became indistinguis.
hable The white pulp nself showed no visible
aneraluons n morphology or cellular composition

Staming of the red pulp with naphto] AS.D



control group receiving no injections, but kept and fed as
the injected animals.

According to each protocol, three injected mice and
three control mice of each strain were sacrificed on days
1,3,5,8,10, 12 and 18

Histological and Cytological Preparation
From all mice bone marrow from the upper end of the
femoral bone was immediately smeared and stained by
the May-Grunwald-Giemsa technique. Blood was drawn
from the heart, smeared and stained using the same
technique Microscopic examinations and differential
countings of 200 cells were carried out at 1000 x
ification by light mi . The
intact animals were weighed as were the liver, spleen and
thymus after immediate removal. One-third of each
spleen was immediately deep-freezed and kept at —70°C.
The remaining part of the spleens and the other organs as
well as some [ynph nodes were fixed in 10% buffered
formalin, embedded in paraffin wax and cut in 6 microns
thick slices The histopathological features were studied
after staining with the haematoxylin-eosin-, the van
Gieson-Hansen-, the May-Grunwald-Giemsa and the
Gordon-Smith reticulin stamming. One animal from each
strain, protocol, and day was further studied by staining
Wwith methyl-green-pyronin-, and naphtol AS-D chloro-
acetate esterase ique (14). Reactions of pecifi
esterase (17), fluorideresistant esterase (24) and acd
h (14) were i on frozen sections of

the spleens

RESULTS

Effect of C. parvum on the Weight of Organs
Spleen. The spleens increased remarkably in size
and the relative weight, i.e. the weight of the spleen
corrected to a total body weight of 20 grams,
increased from day 3 and reached a maximum in
both strains of mice around day 10-12 after
injection of C parvum (Fig 1). A 200 per cent
increase in weight was reached 1n Balb/C mice after
one injection only. No further increase in weight
was seen after additional injections in either strain.
For the most part the increase 1n spleen weight was
higher in DBA than in Balb/C muce. After 18 days
the stimulatory effect of the vaccine had decreased
and the weight of the spleens 1n both strans
approximated the control level. In the untreated
control ammals the relative weight of the spleen
remained constant throughout the experiment
Thymus In contrast to what was found in the
spleens, the thymus showed a progressive involu-
tion after injection of C parvum (Fig. 2), this e!Tect
being most pronounced after 2 and 3 injecl'mns
(Schedule B and C). In Balb/C mice a minor
increase in the weight of the thymus was 'miu'ally
seen, followed by a rapid decrease, maintained
throughout the rest of the experiment. No such
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Fig. 1. The relative weight of the spleen, i e the weightof
the organ corrected to a total body weight of 20 grams, in
two strains of mice (Balb/C and DBA)after one (A}, teo
(B) and three (C) intraperitoneal 1njections of C. panum
The tinung of the injections is indicated by arrows The
mean = SD for the controls is shown by horizontal
Tines. The number below the columns indicate the dys
after the first injection of C. parvum
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Fig. 2 The relative weight of the thymus 1 Batb/C and
DBA-muce after injection of C parvum For details, se¢

Fg 1.

pattern was found 1 DBA-mice where the }&'egshl
og the thymus decreased from the very beginning.
reaching lower levels than the controls at the e‘nd of
the study. The relative weight of the thymus In the
control group remamned constant during the first
1012 days with shight decrease thereafter.
Liver. The livers ncreased in size and weight
after injections of C. parvum but the increase was
relatively less as compares to that of the s;'aleens
(Fig. 3) In Balb/C mice a maximal increase in the
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7 3. The retauve weight of the liner in Balb/C and
BA-mice after ijection of C panum For details, see
ag 1.

veight of the livers was noted on day 10 after 2
Nyections of € parviem {schedule B) In DBA-mice
be average increase in the weight of the livers was
ot related 1o the number of injections and the
aumum tnerease in Liver-w eight was noted on day
2afier a single mjecuion The effect of C panum
435 sull notceable on day 8 i both strains, but
nore pronounced i the DBA-mce group In the
ontrol muce the relatve weight of the hvers
emained constant

Iistologicat Findings in the Lymphord Organs and
e Liver

Spleen 1n the mjected mice a proliferanon of
Aacrophages was found after the therd day constitu-
72 3 mantle zone between the white 2nd the red
ulp (Fig 4) This zone was Progressing in size
sching a maximum at day 10 At that time all the
¢lls at the margen of the follicles of the white pulp
‘€re macrophages The area between this nim of
olls and the red Pulp contained several types of
ss. most of them also macrophages These
Ppaared as mononuclear cells with oval or bean-
haped nuctes and di-defined cell margins  The
uclear chromatin was finely dispersed without
Tonunent nucleoli The cytoplasm was faint 1n
aming with hematoxy hn-eosin, May-Grunwald-
hemsa, and methyl-green pyromn, whereas naph-
% AS-D chioroacetate esterase was totally negative
I2 4 A) The macrophages of the nim at the
1argin of the follicles and most of the celfs 1n the

for non-specific esterase (Fig.
& 5 A), but was negauve for fluoride resistang
sterase The acid phosphatase Teaction was posiive
' the same areas and cells On the apsule

Fig 4 Spleen from DBA mouse stimulated twice with
Conynebactertum parvum vaccine and sacrified on day 8
Promnent mante 2ones are seen between the compan-
ments of the splenic pulp WP = white pulp RP = red
Pulp MZ = mande zone (Naphtot AS-D chloro acetate
esterase (CAE) (Origtnal magnification x 30)

Fig 44 Deat of mantle zone shown above Mostof the

part of the picture

aggregates of cells appeared with the same
logical and stagn; isti Hakron



control group receiving na injections, but kept and fed as
the injected animals.

According to each protocol, three injected mice and
three control mice of each strain were sacrificed on days
1,3,5,8,10, 12 and 18.

Histological and Cytological Preparation
From all mice bone marrow from the upper end of the
femoral bone was immediately smeared and stained by
the May-Grunwald-Giemsa technique. Blood was drawn
from the heart, smeared and stained using the same
i Mi pi inati and differential
countings of 200 cells were carried out at 1000 x
magnification by conventional light microscopy. The
intact animals were weighed as were the liver, spleen and
thymus after immediate removal. One-third of each
spleen was immediately deep-freezed and kept at —70°C.
The remaining part of the spleens and the other organs as
well as some lynph nodes were fixed in 10% buffered
formalin, embedded in paraffin wax and cut jn 6 microns
thick slices. The histopathological features were studied
alter staining with the haematoxylin-eosin-, the van
Gieson-Hansen-, the May-Gninwald-Giemsa and the
Gordon-Smuth reticulin staning. One animal from each
strain, protocol. and day was further studied by staining
with methyl-green-pyronin-, and naphtol AS-D chloro-
acetate esterase ique (14). Reactions of non-specifi
esterase (17), fuorideresistant esterase (24) and acid
(14) were i igated on frozen sections of

the spleens.

RESULTS

Effect of C parvum on the Weight of Organs
Spleen. The spleens increased remarkably in size
and the relative weight, i.e. the weight of the spleen
corrected to a total body weight of 20 grams,
increased from day 3 and reached a maximum in
both strains of mice around day 10-12 after
injection of C. parvum (Fig. 1). A 200 per cent
increase in weight was reached in Balb/C mice after
one 1njection only. No further increase in weight
was seen after additional injections in either strain.
For the most part the increase in spleen weight was
higher in DBA than in Balb/C mice After 18 days
the stimulatory effect of the vaccine had decreas_ed
and the weight of the spleens in both strains
approximated the control level In the untreated
control animals the relative weight of the spleen
remained constant throughout the experiment.
Thymus. In contrast to what was found n the
spleens, the thymus showed a progressive involu-
tion after injection of € parvum (Fig. 2), this e!Tect
being most pronounced after 2 and 3 injeclfons
(Schedule B and ©). In Balb/C mice a minor
increase in the weight of the thymus was initially
seen, followed by a rapid decrease, maintained
{hroughout the rest of the experiment. No such
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Fig. 1. The relative weight of the spleen, 1 e the weightof
the organ corrected to a total body weight of 20 grams.in
two strains of mice (Batb/C and DBA)after one (A). two
(B) and three (C) intraperitoneal injections of C. panum
The timing of the injections is indicated by arrows The
mean * SD for the controls is shown by horizonal
lines The number below the columns indicate the days
after the first injection of C. parvum
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pattern was found in DBA-mice where the wel'ght
og the thymus decreased from the very beginning,
reaching lower levels than the controls at the end of
the study. The relative weight of the thymus i1 the
control group remained constant during the first
10—12 days with slight decrease thereafter. .
Liver. The livers increased in size and weight
after injections of C parviim but the increase was
relatively less as compares to that of the s;'alccns
(Fig. 3). In Balb/C mice a maximal increase in the



Thymus. No histological or cytological aller?dom
of thymus were noted after injectiqns with C.
panum as compared to non-injected animals. At the
end of the experiment, when the mice were about 8
weeks old, no faty infiltration was visible A
quantitative determination of the relative amount of
cortical and medullary cells based upon measure-
ments of the width of these zones in senal sections
were considered insignificant because of unaccep-
table high variations in the controls. The number of
pyroninophilic cells did not increase after C. parvum
injections, and in both strains only a few epithelial
cells of the medulla and very few inconspicious
Hassall-bodies were found. This appearance was
unaltered throughout the experimental period with
peither formation of epithelial hyperplasia or
granulomas, nor cyst formations or other signs of
ncreased secretory activity

Lymph nodes. The lymph nodes became more
prominent 1 all imjected mice, but no total
dissection and quantitation of the lymph node
nssues was attempted Histological alterations were
observed in lymph nodes from the thoracic and
abdominal cavity from day 3 after the administra-
tion of the vaccine. Beginning in the tlar regions
nodular formations of macrophages seemed to
spread out through the entire lymph node (Fig. 7 &
7 A} These alterations were not related to the
number of injections or the strain of mice The
cortical and paracortical zones showed no signs of
differential lymphatic hyperplasia.

Liver Ceilutar mfiltrations were observed in the
Inver, beginning from the third day after the first
tmjection with € panum Small groups of mono-
nuclear cells were found 1n the portal space, closely
located to the walls of the interlobar veins {Fig. 8 &
8 A) These mononuclear infiltrations increased
gradually in size unul day 12 and an extension along
the siusoid wall was observed after day 8 From
day 12 a demarcation of the infiltrations with
formation of granulomas became evident Fig. 9 &
9 A). These granulomas were always located close
1o the vascular walls and were never assocated with
ferosis or gant cell formaton No significant
alteration of the number or localization of Kupfler-
cells was noted

The number of cells in the infiltrates and in the
granulomas showing pyronsnophilia sncreased gra-
dually from day 12 to day I8 afier the administra-
Uon of C parium Single liver cell necrosis was
frequently seen. even among the control mice In no
Gse was seen condensation or collapse of the
normal pattern of retkulin fibers around the
granulomas The aumber of reticulm fibers ‘within
the infiltrates was always very low. The capsule of
the Liver 1 the 1njected mice showed localized
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Fig 7 Mediastinal tymph mode from Balb/C mouse
stumulated twice and sacrified on day 8. Nodular
formations of macrophages 1n the medulla and paracorti-
cal areas (CAE, Originai magnification x 80}
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Fig 74 Deta from above. Macrophages in granulo-
mas (Onginal magmfication x 200)

inflammatory reactions containing the same cellufar
components as described above. The celfular Teac-
tions in the liver after injections with C, parvum
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chloracetatesterase revealed a significant increase in ~ No difference between the two strains of mice was
the number of granulocytes and their precursors  d rated as to the itude of alterations in

after flay 10 At the same time the number of the spleen, related to the number of C. parvum
pyroninophilic cells increased in the mantle zones. injections.
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Fig. 5 Spleen from DBA mouse sumulated twice and Fig 5 4 Detail from Fig. 5. Esterase posiuve cells
sacrified on day 8. Frozen section stained for non specific ~ dominate in the mantle zone. (Original magmfication X
esterase. Positive cells appear as a rim between the white  300).

pulp and the mantle. (Original magrufication x 80)
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Thymus. No histological or cytological alte{alions
of thymus were noted after injections with C.
pan um as compared 10 non-injected animals. At the
end of the experiment, when the mice were about 8
weeks old, no fatty infiltration was visible. A
quantiiative determination of the relative amount of
cortical and medullary cells based upon measure-
ments of the width of these zones in serial sections
were considered insignuficant because of unacoep-
table high variations in the controls. The number of
pyroninophilic cells did not increase after C. parvum
yections, and in both strains only a few epithelial
cells of the medulla and very few inconspicious
Hassall-bodies were found This appearance was
unaltered throughout the expertmental period with
neither formation of epithelial hyperplasia or
granulomas, nor cyst formations or other signs ol
mereased secretory activity

Lymph nodes. The lymph nodes became more
promineat in all njected mice, but no total
dissection and quantitation of the lymph node
ussues was attempted. Histological alterations were
observed 1n lymph nodes from the thoracic and
abdominal cavity from day 3 after the administra-
tion of the vaccine. Beginning 1n the hilar regions
nodular formations of macrophages seemed to
spread out through the entire tymph node (Fig. 7 &
7 A) These alterations were not related to the
number of injections or the stran of mice. The
corucal and paracortical zones show ed no signs of
differential lymphatic hyperplasia.

Liser Cellular infiltrations were observed in the
Iner, beginmng from the third day after the first
wjection with C parium Small groups of mono-
auclear cells were found in the portal space, closely
Iocated 10 the walls of the interlobar veins (Fig. 8 &
8 A) These mononuclear nfiltrations tncreased
gradually 1n size untt day 12 and an extension along
the sinusoid walt was observed after day 8. From
day 12 a demarcation of the infiltrations with
formation of granulomas became evident (Fig 9 &

A). These granulomas were always located close
fo the vascular walls and were never associated with
necrosis or giant cell formation No significant
alieration of the number or locatizaton of KupfTer-
ells was noted

The number of cells 1n the wfiltrates and 1 the
granulomas showing pyrontnophiia increased gra-
Cually from day 12 to day 18 afier the adminustra-
uon of C panum Simgle Tiver cell necrosis was
frequently seen, even among the control mice In no
i was seen condensauon or collapse of the
vormal pattern of reticulin fibers around the
granulomas. The number of reticulin fibers within
the infiltrates was always very low The eapsule of

the liver 1n the injected muce showed localized

Fig 7
sumulated twice and sacrified on day 8. Nodular
formatons of macrophages tn the medulla and paracoru-
cal areas (CAE. Onginal magnification x §0)

Fig 7 4 Detai from above Macrophages 1n granulo-
mas (Original magnification x 200)

nflammatory reactions containing the same cellular
components as described above. The cellular reac.
tions in the liver after injections with C.
Started earlier and became more pronou:
DBA-mice than in Balb/C mice,

Bone marrow and blood Differential countings.
were performed upon smears of bone marrow and
blood from each mouse ncluded in this study (Table
1) Ia the bone marrow 2 marked increase in the
number of monocytes was noted very early {day 3)
after injection with C. panum. Maximum prolifera-

parvum
nced in



chloracetatesterase revealed a significant increasein ~ No difference between the two strains of mice s
the number of granulocytes and their precursors d rated as to the itude of alterations in
after day 10. At the same time the number of the spleen, related to the number of C. panum
pyroninophilic cells increased in the mantle zones.  injections.
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Fig. 5 Spleen from DBA mouse stimulated twice and  Fig. 5 4. Detail from Fig. §: .E'txemse pgsixive oeI)I(s
sacrified on day 8. Frozen section stained for non specific  dominate in the mantle zone. (Original magnification

esterase. Positive cells 2ppear as a rim between the white  300).
pulp and the mantle. {Original magnification X 30).
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TABLE L. Effect of C. parvum on Bone Marrow and Blood

Strain Number Days after inyection of C. parum pvalues
of
mpons 1 35 8 10 12 18
0 b5 LS 20 20 10 20 1D
sae ! 10 50 45 50 60 S50 1O <010
- 2 J0 30 s5 60 80 S0 10 <008
Monoryesin - 5 05 50 60 45 100 60 05 <005
thebone
o 05 10 20 15 05 05 05
e s i 0s S50 55 10 35 S0 05 <010
- 2 05 40 40 85 40 40 05 <005
- 3 05 40 40 35 30 45 10 <00s
Balb/C o \o 25 20 30 30 20 15
- 1 20 80 100 120 130 120 35 <002
- 2 30 10 70 125 185 100 30 <002
- 3 40 155 60 95 105 135 1S <005
Monocytes in
theblood DBA 0 05 25 25 25 20 10 10
Z 1 10 160 70 S0 15 70 20 <002
_ 3¢5 80 €0 SO 38 35 10 <040
- 3 05 170 45 40 35 10 10 <010
Batb/C o 30 50 60 S0 45 45 50
Y i 25 170 160 170 160 330 95 <005
Z 2 35 250 285 300 310 250 260 <008
Trnsformed - 3 35 210 330 360 380 210 125 <002
Iymphocytes
inthe blood DBA 0 40 40 45 40 15 70 40
- v 40 285 185 185 150 120 120 <005
- 2 40 200 335 3120 260 160 150 <005
- 3 40 140 450 400 365 200 170 <005

The percentages of monocytes 1n the bone marrow and blood, and the relauve percentage of transformed
Iymphocytes. € g the percentage of the total number of lymphocytes in the blood compared to the number of
injections and the days after the first snyection In each case figures are mean values of differential counung of 200
cells from three mice Calculations for statisical significance by the Wilcoxon test for paired samples

v
nstic finding 1n the myected mice was the appea- -
Tance 1n the blood of an mereased number of plasma

cells and cells with all morphological charactenstics
of macrophages (Fig. 10). These cells were most
abundant around day 3 after the admumistration of
the vacaine, and had completely disappeared from
the blood at day 18 The number of plasmacells and
macrophages 1n the blood was not dependent on the
Rumber of 1njections, not on the stram of the moe

None of the mice died from reasons attributable
to the injectzons of the vaceine, and only 2 mice out
of the total number of 180 mice were lost duning the
experimental peniod

Fig 10 Macrophage i peripheral blood on day 3 (May-
Grunwald-Giemsa. (Orignal magnification x 800)
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PRy
ﬁg. 8. Liver from DBA mouse stimulated once and
!(med on day 3. Perivascular and parenchymatous
infiltrates (CAE, Original magnification % 80)
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Fig. 8 A. Detail from above. large mononuclear cells
constitute the infiltrate. (Original magnification x 300)

tion of monocytes was usually reached around day
8 after the first injection. The monocytes were
morphologically normal with nio signs of increased
phagocytic or mitotic activity. No changes 1n the red
cell precursors, the granulopoietic- or thrombopoie-
tic cell lines were noted after C parvim administra-
tion.
In the peripheral blood the relative number of
monocytes increased very early reaching a peak
around day 3 after the first myection (Table 1} The
maximum effect was mdependent of the number of
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Fig. 9. Liver from Batb/C mouse stimulated twice and
sacrified on day 10. The cellular infiltration is increased
and demarcated in granulomas. (CAE. Origmal magnifi-
cation X 80)
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Fig 9 A Macrophages in liver granulomas on day 10, of.
above (Original magnification X 300)

injections given, but in Balb/C mice the rel;fu'\'e
number of monacytes in the blood was maintained
for a prolonged pertod after multiple injections %ith
C. parvum. The monocytes in the peripheral blood
became also more vacuolized and the nucleoli more
prominent after multiple injections. An inc

percentage of atypical or stransformed« Iymphocy-
tes was noted very early in the peripheral blood after
injection with C. parvum. This effect was more
pronounced after multiple injections and reached 2
maximum between day 5 and 8. Another characte-



the nodular infiltrations observed at the end of the

supports this view as no obvious signs of histologi-
pors S

experimental period can be due toa
of the cells into a precursoc stage of macrophages
[t)]

Castro (4) found that the weight of the axillary
206 brachial lymph nodes increased 1n mice which
were repeatedly injected with C parvim v v. We
dd not quantitate the total amount of lymph node
tissue, but samples of lymph nodes were removed
for tustological examunation. Infiltrations by ma-
crophages simitar to those in the spleen and the liver
were also found in lymph nodes from various
locations No difference between the two strains of
mice or the frequency of imjections and the
magnitude of the aMterations in the lymph node
tissue could be demonstrated.

The weight of the thymus i Balb/C mice was
inmally stightly greater after mjecuon of C panum
thae in the controls Later the thymus m both
strans of mice decreased in weight at a rate faster
than the controls comparable to the observation by

in the T-lymp! regions of the
Iymph nodes. spleen and thymus after C. panum
injections could be demonstrated.

Our study have demonstrated that C. parvim
vaceine has a pronounced effect on the monocyte
proliferation in the bone marrow and on distribu-
tion 1n various organs and peripheral blood in mice.
Such information may be helpful when C. panvum
is used as an immunomodulator in therapeutic trials
for treatment of experimental and human tumors.

This work was supported by grants from the Danish
Medical Research Council (grant no 512-6715) and the
local branch of the Damsh Cancer Society, Aarhus.
Deamark The Cors aebacterium parum vacetne was a
gt from Laboratorres Merieux, Lyon, France
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DISCUSSION

The present study has demonstrated that in two
strains of mice intraperitoneal administration of a
killed suspension of Corynebacterium parvum is
followed by a sequence of histological and cytologi-
cal alterations in bone marrow, peripherae blood,
spleen, liver and lymph nodes.

The increase in size and weight of the spleens
after C. parvum injections are comparable to that
reported by others (2, 9, 11, 20). As in these
experiments the weight of the spleen did not
increase further afler repeated injections, and
maximum for the stimulatory effect was reached
around day 12. 1 contrast Castro (4) found a
continued rise in the relative weight of the spleen,
but this phenomenon is most likely due to the use of

producing cells in the spleen, showing a maximum
response around day 13 after the inoculation.
The increase in the size and weight of the liver,
which previously has also been reported by others
(2, 4, 11), seems to be due to the increased number
of macrophages infiltrating the liver tissue. In our
study repeated injections of C. parvum was not
followed by any further increase in the weight of the
liver nor was the stimulatory effect prolonged
Contrasting to this, Castro (4) found that the
relative weight of the liver continued to increase in
mice injected repeatedly with C. parvum. This
discrepancy is most likely due to a decrease in the
body weight of the mice in Castro's experiments,
whereas the injected mice in our study increased
their body weight at a rate similar to the controls
Also, in contrast to our investigation, sequential
histological i was not carried out syste-

a rather high dose of C. parvum and to d g
body weight of the injected mice in his experiments.
‘We found, that a guantitative determination of the
relative amount of cells within the red and the white
pulp was not possible. The composition of the
periarteriolar T-cell zone was investigated after
delineation by the method of Veerman (21). No
alterations in the B- and T-cell zones in the spleen as
those described by Moatamed er al. (16) after i. v.
injections in mice of B- and T-cell mitogens and
adjuvants were noted. In the spleen the most
important finding after injection of C. parvim was
the appearance of a mantle-zone of macrophages
surrounding the white pulp. Further characteriza-
tion of the cells, using histochemical procedures for
enzymes, characteristic of the histiocytic cell line
(24), was in accordance with the cell morphology
seen in paraffin sections. The reaction pattern was
consistent with monocytes but not with mature
macrophages in which the fluorideresistant esterase
is positive. This result may indicate that the cells
concerned were precursor macrophages (5), or it
may be an expression of the immaturity of these
enzyme systems in young amimals (15). Decreasing

matically in Castro’s experiments. We found no
increase in the mitotic rate among the infiltrating
macrophages, and we are therefore inclined to
believe that the infiltration by macrophages may be
due primarily to an invasion from the vascular
system. This view is strengthened by the demon-
stration of an early 20-fold increase in the number
of monocytes in the bone marrow and @:
peripheral blood after administration of the vaccine
(Table 1), preceding the infiltration by macrophages
of the liver and spleen. Additional support comes
from the observation that the earliest cellular
infiltrations in the liver always were found in cl.w
relation to the vascular structures. A mobilization
of macrophages is also in accordance Wwith the
demonstration that C. parvim produces a strong
chemotactic factor specific for macrophages Q.1In
comparison Rappaport & Khalil (18) al:‘o found
histiocytic granulomas in the liver adjacent 10
vascular structures in mice injected i. v. with BCG.
These granulomas were preceded by appearance of
aggregates of lymphocytic cells in the portal Atracts
and in the sinusoids, and the authors considered
these )! specific for the immune modula-

size of the mantle-zone was later ied by
increase in the number of cells showing pyroninop-
hilia. Proliferation of pyrommnophilic cells in the
spleen in mice has been reported after immunosti-
mulation by injections of allogenic cells 1 v (12)
and after injection of BCG i. v. {18). but contrary to
our results this pyroninophilia was located to
lymphocytes in the white as well as 1n the red pulp.
An explanation for this discrepancy could be that
immune-modulation of lymphocytes by C. parvium
is carried out only through the macrophages in the
mantle-zones Using a plaque-formung cell assay
Greenberg & Dimitrov (9) were able to demonstrate
that intraperitoneal inyections of C. parvunt in Balb/
C mice stimulated the prohferation of IgG and IgM

ar

tion by BCG given 1 v. By using inlmperitqnul
injections we were not able to ccnﬁm? previous
findings (2, 10, 11) that multiple injecxrmns of C.
parvum i. V. causes a hyperplasia of the }}upﬂ'er-ccll
system in the liver This discrepancy might be due
to either differences in the dose or the route of
administration of the vaccine A stimulatory effect
of the particulated matter should be considered as
well (3) The lack of reuculin formation within the
nodular cell infiltrations is in accordance with the
classification of macrophages and therr precursor
cells (7). A collapse of the normal, delicate reticulin
mesh in the surrounding liver tissue was ne\'cr
noted. The increased pyroninophilia of the cells in
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When lymphocytes from humans with serological immuity against rubella were incubated with live
rubella virus, supernatants were obtained which when added to non-infected lymphocytes gave a
significant mhibition of phytohaemagglutinin (PHAMinduced proliferation 1o contrast, supernatants
from virus-infected lymphocytes from donors lacking immunity aganst rubella gave no inhubition of

the PHA response
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Live rubella virus (L-RV) inhibits the PHA-stmuta-
tion of normal tymphocyles s vutro (8. 10) We have
previously shown that tus inhibrtion is immunologicalty
speafic (8) 1e the mhibition was obtamed only with
Yymphocytes from donors with serological immunity
2nst rubella However. L-RV does not induce a
Beneral anergy of tymphocytes i vitro, since lymphocy-
s from rubella-mmune indrviduals incubated with
uenuated L-RV can be sumulated to antigen-spectfic
probiferation (9}
‘¢ mechamsm of the mhibion 1s. however, not
tnown In the present study we mvesugated whether the
inbibiung effect could be transferred with supernatants
from virus-infected, 1mmune lymphocytes o non-

Wnfected, non-mmune Iymphocytes subsequently sumu-
Lated with PHA

Matenals and methods

Fifty-five healihy volunteers with rubella haemaggtu.
“nation-1nhibiung antbody (HI) tres (2) from < § 10
320 mere used as lymphocyte donors. Attenvated ratelly
Virs (L-RV). stwrain RA 2773, 107 plu/mi (8, 12), mas

suspended 1n »virus buffer« (VB) — 0 025 M phasphate
buffer. pH 7 3 with EDTA 0003 M. ‘When applicable,
L-RV was UV-inactivated (UV-RV) for 10 min (9)

Lymphocytes were separated from newly-drawn
venous blood (8) and suspended 10 TCM 199 with 15 per
cent heat-mactvated homologous Tubella-antibody free
AB serum 1n a concentration of 1.0 — 1.8 x 106 cells/
mi The cells were dispensed 1n | §
bottom glass tubes (prumary cultures), tp which were
added 0 2 mi aliquots of exther L-RV {group A), UV-RV
(group B) or VB {group C)

Following mncubation for 3—6 days, two Tymphocyte
cultures from each group were pulsed for 18 hours with
015 4Cy 14C-thymidine (14C.TdR) and the ncorporated
radioactivity was measured by sanullation counting (9)
The antigen-specific sumuylaon by L-RV was expressed
as lymphocyte stimulation ndex (LST,), j e, ©pm per m}
:::; sgubzled with L-RV/cpm per mt cells ncubated

The remaining tubes of
at 2500 rev/mn for 10
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TABLE 2. PHA of Secondary Lymph

te Cultures "

Srom N

ith
Primary Cultures [ncubated Jor Different Periods of Tume afier Addition of Live Rubeffa Virus

Primary culpures Secondary cultures
$4C-TER incorporation when iecubated with

1 Incubauon time LSIin® Sup A Swp € Sup A/Sup C

8
3 days 0920y 102£59 97z4 1> 102201

§ 4 23' 08202 100235 100233 09%x997

3 5 » 16201 95+24 9.9x29 097x007

7 6 » 12205 97128 100525 0372016

17 Liz0¢ 98=30 Wo=27 0930 1i

—_—_—m—

nL wndex after. l With live rubella virus

% cpm/ml x 1032 SD

Several explynations for the observed nhibitory effect
of supernatans from L-RV imfected cultures are
concewvable. Lymphokines with inhibiung effects on
PHA-sumuianon may be produced m the primary
adtres Interferon. for example, has been shown (o
whubit PHA-sumulation of lymphocytes (7) The pro-
ducuon of certamn lymphokines during incubation of
Jymphocytes with viral anugens 1s immuno-specific, but
the amount produced 1s fiot correfated 0 the utre of
‘Bumoral antibodies (5. 11 of 1o the extent of the anugen-
spearfic 1 (.11} Lymphak

References 1 Butmovici-Klein, £, Weiss, K. £. &
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Stevens, D A & Merigan, T. C. Proc. Nat Acad Sa
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392-396, 1966 — 5 Honeyman, M. C. Forrest, ] A &
Dorman, D € Clin exp Immunol 17. 665-671. 1974
=6 Lee,J C & Sigel, M M - Cell Immunol. 13 22-31,

w2y be heal stable {1, 13) Another possibifity is that
compfexes between in vuro produced antibodies and
Qubelia antigen ase formed such complesss can iniubst
PHA.sumulavon of Iymphocytes (6} Finally. the
amigen-specilic: lymphocyte prolderation nduced by L+
RV qught tead t0 an exhaustion of the medwm 11 the
pomary cultures This possibifity cannor be dismissed at
Once, but it seems unbikely, since there was no
forrelation betw een the degree of the nhibiting effect of
e supernatants and the degres of lymphocyte prohfera-
tion 10 the prmary cultures Furthermore. no mhibinon
Was obtamed by supernatants from primary cultures
mcubated with UV-RV (supernatant B) o which a

sumdar degree of antigen-specific ymphocyte prolifers-
ton was recorded
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nm for | hour (4). The group B and C supernatants were
left untreated. In some experiments, group A superna-
tants were heat-inactivated at 56°C for 1 hour (4).

The supernatants were then added in 0.8 m! aliquots
to 1.0 m! suspensions of newly-prepared lymphocytes,
2.0 x 106 cells/ml from donors with Hl-titres <5
(secondary cultures),

Finally 0.2 ml phy ini
(PHA), 50 pg/ml, was added giving an optimal PHA-
concentration of 5.0 pg/ml. The cultures were incubated
for 3 days, pulsed with 14C-TdR for 5 hours, and the
incorporated activity measured.

The results are expressed both as cpm/ml of the
secondary cultures (Table | and 2) and as the quotients
supernatant A/supernatant C and supernatant B/
supernatant C, which is the incorporated radioactivity in
the cultures incubated with the supernatants A and B,
respectively, divided by the incorporated radioactivity in
the cultures incubated with supernatant C.

For statistical evaluation Student's t-test for paired
and unpaired observations was used.

Results and discussion

In 33 experiments where supernatants were collected
from L-RV infected primary cultures of lymphocytes
{supernatants A) from rubella-immune donors (HI-utres
10-320), the PHA-stimulation of secondary cullures
incubated with these supernatants was clearly lower than
that of secondary cultures supplemented with superna-
tants from non-infected primary cultures (supernatant
C) The mean of the quotients supernatant A/
supernatant C was 0.81 £ 0.31. However, the possible
transfer of live virus from the primary cultures might
complicate the interpretation of the results. Therefore, 1n
the further analysis UV-inactivated supernatants from
virus-infected cultures were studied. In the same 33
experiments (Table 1), the thymidine incorporation of
secondary cultures incubated with UV-inactivated super-

natant A was significantly lower than that of secondary
cultures supplemented with supernatant C (p < 0001}
and the mean of quotients UV-inactivated supernstant
A/supernatant C was 0.79 % 0.19 which is equal to the
above value of 0.81 = 0.31 for untreated supernatant
A/supernatant C. This indicates that the suppressne
effects of untreated supernatants A were accounted for
by factors other than live virus. On the other hand, when
the primary cultures were incubated with UV-RV, no
difTerence of thymidine incorporation betw een secondary
cultures incubated with Band C
was observed (results not presented), and the mean
quotient supernatant B/supernatant C was 0 96 + 022

When the primary cultures were made up of
lymphocytes from non-immune donors (Hl-titres <5,
no difference of thymidine incorporation between
secondary cultures incubated with UV-inactivated supr-
natant A and supernatant C was observed (Table 2)

These results show that supernatants from primary
cultures infected with L-RV inhibited the PHA-
stimulation of secondary cultures, and that the genera-
tion of the inhibitory factor (s) was immunologially
specific. However, the degree of inhibition was not
correlated to the HI-titres of the lymphocyte donors o 50
the degree of the antigen-specific stimulation obtained in
the primary cultures.

The results shown in Table | suggest that the
generation of the inhibitory factors in the supernalants
time-dependent, since inhibitory supernatants were not
obtained regularly from primary cultures incubated for
less than 4 days.

In 18 experiments, the effects of heat inactivation and
UV-inactivation of supernatamts from L-RV mfefmd
cultures were compared. Similar results were obtained
with supernatants treated either way, and the means of
the UV-i d supernatant A/sup it
C and heat-inactivated supernatant A/supernatant c
were 0.73 = 0.19 and 0.80 = 0.21, respectively.

TABLE | PHA-stimulation of Secondary Lymphocyte Cultures Supplemented with Supernatants from Immure
Primary Cultures Incubated for Different Feriods of Time after Adduion of Live Rubelia Virus

Primary cultures

Secondary cultures

14C-TdR 1ncorporation when incubated with

Sup. A/Sup.C  p-valuet)

n Incubation time LShin® Sup A Sup.C
02

1715 110£22° 11.9£1.4¢ 0932015 p>
; ida:s 3t ? 54£58 70£60 062025 p<005 05
5 5 » 28=x14 52x41 6738 0.74£0.26 01>p>0
16 6 » 3634 6244 7.5+50 081011 p<0005
33 3.0x27 70246 8347 079019 p<000)
) Lymph 1ndex after with hive rubella virus

Y
®) Significance of difference Sup. A = Sup. C
) cpm/mlx 103 SD
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agutinin (PHA) sesponse of lymphocytes from seven pauents with patural rubella
ﬁxx‘zﬁﬂvﬁugam during the acute, early and late convalescence stages of the disease When }h:
ymph were culwred 1o serum, a moderate depression of the response. following
sumylauon with PHA in both optimal and suboptimal concentrations was obtained two weeks after the
onset of exanthema (early convalescence) Two months later (late convalescence), the lymphocyte
stmulaon response had returned to almost normal values. On the other hand, lymphocytes incubated
m pooted homotogous serum reacted normally to PHA. in optmal concentrations at all three stages
Determination of T- and B-lymphocytes did not reveat any change in the relauve proportion of T
lymphocytes dunng the course of the disease. However, in late convalescence. a significant decrease in
the relatwe number of B-lymphacytes was recorded

Key words Rubella infection, mitogen stmulaven, T- and B-lymphocytes.
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T-lymphocyte functions become affected in cer-

‘an viral infections (28) Thus, rubella virus 1s

koown to mhibit the blastogenic response of

mduced by
{PHA) Such

has been

inhibition may be mediated by an immunologically
specific mechanism.

Earlier investigations have yielded variable re-
sults concerning the timing and degree of inhibition
of the PHA response following viral infection. In

m the rubella

{19, 10 natural rubelta (2), after rubella vaccination
with atenvated virus (7, 16, 25), and after
experimental mfection with virulent rubella strains
tn animals (3) and humans (16). Adduion of Lve
Tubella virus to normal lymphocytes in vifro inhibits
the PHA response of these cells (15, 18, 21), The
mechanssm of the vires-induced Iympbocyte ANeTRy
15 not known The degree of inhibition in in vitro
expenments seems to be correlated with the
tmmune status of the lymphocyte donor against
fubella Thus, iymphocytes from donors with high
antrubella antibody ttres were strongly inhibited,
“hereas lymphocytes from non-immune donors
Were not intubited at all (15). This suggests that the

the studies, the variable results could be
due partly to differences in the virulence of the
attenuated strains used (16, 21). 1t is therefore of
interest to investigate the depression of PHA-
reactivity induced in vivo by virulent rubella strains.
To our knowledge there are few reports {and these
include only sporadic cases) concerning mitogen
stimulation of lymphocytes during the course of
Tatural rubelta infection (2, 26). This paper deals
with the PHA-stimulation response of tymph

from seven patients with rubella during the acute
and convalescence stages of the disease. In order to
analyse possible roles of humoral factors, the
lymphocytes of the rubella patients were cultured in
both autologous serum and in pooled homologous
serum from persons without serological immunity







serum The same batch of HS was used for boll:x rubella

TABLE 2. Thy midine Incorporation in Autologous Serunt

and control lympl The cell was
1 x 108/ml Leucoagglumn-phytohaemagglutun
{PHA) from Pharmacia AB. Uppsala, Sweden. diluted 1o
different concentrauons (100, 50, 25 and 10 pg/mi) 1n
physiological saline was added m 0.1 ml aliquots 009
m! lymphocyte suspensions Four aliquots of 02 ml
from each cell suspension were dispensed on Micro Test
1 ussue culture plates 3040 (Falcon Plastics. Ovnard.
USA). which were closed and incubated at 37°C
tumudified air for four days Five hours before the end
of the incubation period. 0 03 pCrof H4C-TdR 1n 6 02 m!
saline was zdded 10 each culture Cultures were washed
and precipiiated onte glass fivre filters by a sems-
automauc muluple sample processor (24) The filters
were placed 10 ml Permablend |11 (Packard Tostru-
ment Co , 1t USA) The incorporated radwactvity was
measured 1 a Pachard Tr-Carb 3375 scinullauon
counter and expressed as cpm/m] of cell suspension
1 of b 4

-

lobuln-bearing were .21
using a commercially asailable polyvalent goat antihu-
man congu-

gate from Behringwerke Marburg-Lahn, Germany In
order to asoid non-specific attachment of aggregated 12G
0 Feerecepiors on «ells other than ymmunoglobubn-
bearing lymphocytes. the anthuman immunoglobulin
was subjected 10 ultracentrifugation before use (5)

Two mithion lymphocytes were tncubated with 0 2 my
imaunoglobulin conjugate diluted | 4 1n PBS The via)
was kept dark and coof for 30 minutes and was then
shaken genily The cells were washed three tmes and
resuspended 1 PBS The cells wath surface fuorescence
were considered to be immunoglobulin-bearing 8-
bmphocyies At least 200 small lymphocytes were
counted by combimed UV- and phase contrast mucro-
scope

T-hmphocites were determuned by the E-rosette
method (11) Sheep red blood cells (SRBC), stored 1
Alsever's solution. were washed i PBS adjusted 10 a
1% suspension in foetal calf serum (FCS) and layered on
10p of 25 x 106 lymphocytes The cells were spun
down incubated for 15 minutes at 37°C and then Kept
for 2 hours at +4°C 1 an ice-bath Resuspension was
performed on a rocker (3) One drop of ce!t suspension
%as transferred to 2 shde and covered with a covership
Lymphocytes binding three or more SRBCs were
considered to be T-lymphocytes At least 200 small
lymphocytes were counted tn dupticate preparauons and
the meap value was alculated All preparations were
fead by the same technician

Stausnical methods Student’s ttest for pawed and
“npaired observauons was used

RESULTS
PHA Sumultation
Table 2 shows the thymudine incorporation at
opumal PHA concentration of Iymphocytes from
seven rubella pauents following PHA stimulation in
autologous serum With the exception of one patient,

of PHA fated Lymphocytes from Rubella Patients
during Acute Disease and Comvalescence

Patent Acute Early con-  Late con-

stage valesoence valescence

SA. 287 169* 15.3*

EK. 72 s 131

AN 203 86 19.2

MN 04 w1 198

ML 190 18.0 213

VL 163 96 140

Ccs 254 W06 158

MeanxSD 192263 137476 169=32

2 cpm/mi x 10}

b cf control group 19 4 =5 0(n=8)

(EX), the PHA response of lymphocytes from
rubella patients during the acute stage was quite
similar 1o that of lymphocytes from the coptrol
group However, during early convalescence the
thymidine incorporation of rubella lymphocytes
was significantly lower than that obtamed during
the acute stage of the disease (p <<0 05) and that of
control lymphocytes (p <0 05) At late convale-
scence, a sheht depression of the PHA response was
still observed When the lymphocytes were cultured
1n pooled homologous serum (Table 3), no depres-
sion of the PHA stimulation was observed at any of
the three stages of the disease, the thymidine
mcorporation of the lymphocytes of the patient
8roup being quite stmilar to that of the Iymphocytes
of the control group Fig | shows the dose-response

TABLE 3 Thymidine Incorporation tn Hamologous
Serum of PHA-sumulated Lymphocy es from the Same
Rubella Panents as in Table 2

Patient Acute Early con-  Late con-
stage vafescence valescence

SA. 3982 2542 18,3

EK 108 147 215

AN 21 240 132

MN 16.8 153 17.8

ML 239 242 200

VL 177 1349 182

Ccs 243 253 206

Mean2SD 223294 199257 1942 1.4b

* cpm/ml x 10°
® fconrol group 19,32 7.7 (n = g)



against rubella . Furthermore, the relative propor-
tion of B- and T-lymphocytes during the course of
the disease was studied.

MATERIALS AND METHODS

Rubella patients: The material consists of nine patients
{two not incuded in tne PHA-sdy) aged 15-36 years
(average 22 years) with clinical signs and humoral
antibody titres consistent with rubella (Table 1). They
were studied on three occasions: a) during the acute
stage, i.e. within five days after the onset of exanthema;
b) during the early convalescent stage, i.e. two weeks
after the onset of exanthema, when the immune response
against rubella is readily detected; and ¢) during the late
convalescent stage, i.e. two months later.

Conirol groups. Healthy volunteers, two women and
six men, aged 22-52 years (average 32 years), were used
as lymphocyte donors for the control cultures. The
control group in the lymphocyte subpopulation studies
consisted of 39 blond donors.

I

Testing and of sera.
hibiti ib and fixation antibodies
against rubella were determined, using standard methods
{4, 23). Rubella antibody-free, blood group AB sera were
collected from blood donors. pooled and frozen
Autologous sera (AS) and pooled homologous serum
(HS) were inactivated at 56°C for 30 minutes before use

Lymphocyle separation. Newly drawn venous blood,
either heparinized (T- and B-cell studies) or defibrinated
by shaking with glass beads (PHA-stimulauon studues),
was diluted 1:3 in phosphate buffered satine (PBS} and
centrifugation was made on Ficoll-Isopaque (1) The
separated lymphocytes were washed three times 1a PBS
and suspended in medium (see below). The final cell
suspensions contained more than $0% mononuclear
cells and the viability checked by trypan blue exclusion
was more than 90%.

Lymphocyte cultures. Lymphocytes from rubella
patients and controls suspended in TCM |99F (GIBCO.
Grand Island, New York). supplemented by 15% of
either autologous (AS) or pooled homologous (HS)

TABLE 1. Data of Fatients with Clinical Diagnosis of Rubella

Titres at different stages of rubella

Patient Sex & age Serologi- Acute Early con- Late con-
cal test valescence valescence
S.A. M 21 H! <5 QP 160 16? Famly
KB . .
EK. M9 HI 160 (5) 160 160 contacts
KB . . 10
AN F 17 HI 20 3 320 320
KB . . .
M.N. F 24 HI 40 (3) 80 80
KB <5 10 20
ML F 36 HI 40 (5) 40 40
KB <5 10 10
160 Famly
V.L F 15 HI 160 (4) 160 o
KB 10 contacts
20 (4) 160 80
CsS. F IS 2:; ° T 0
160 (5) 160 160
M.A® F 24 ‘lg; < 10 10
CB.b M 28 HI 20 (4 160 8?
KB . N

2 Day after the onset of exanthema
b PHA-stimulation not performed
+ = notdetermined




TABLE 4. Relative Numbers of B~

and T-tymphocytes of Rubella Patients during Acute Disease and Convalescence

S —

Acute stage Early convalescence Late convalescence
e
| e
et pefls % Tels % Bods®  Tels % Bolk%  Tols®
70
70 55 720 9.0

i 105 9.5 95 740 50 s

AN fres 535 165 675 60 B0

MN 45 7.0 90 60 60 ns

ML 65 §7.5 55 430 25 ns

W B oomo B f

65 700 z 2

o 135 75 70 715 80 14

cB %0 655 60 56.5 20 6

MontSD 89439  T30x104 82534 6622108 5723 743=1b

1 ¢f control group 9.5 4 9 (n=39)
¥ cf control group 72 02 6 8 (n = 39)

the present study was observed as early as on the
thyrd day after exanthema At the end of two weeks
the PHA response had returned to almost normal
The reason for the discrepancy between these results
and our own is not clear but differences in culture
conditions might be of imporiance.

1n the present experiments, the depression of the
PHA response was most pronounced when the
lymphocytes were incubated in autologous serum.
Similar observations have been reporied N

stimulation This factor might, for example, be an
antibody-antigen complex (13) or a lymphokine
(14). The production of lymphokines is known to be
‘maximal rather late during viral infections (7, 9, 17,
20) The present finding of a more pronounced
d in serum s in

with such an explanation Small amounts of
nhubiting substance remaming on the celis incuba-
ted 1a pooled homologous serum would be able to

the PHA response of lymphocytes from patients
with nfluenza (10) When the lymphocytes were
cubated 1n pooled homologous control serum, the
PHA response was depressed only after i

nbit the by amounts of
PHA, which would explamn the shift of the PHA
dose-response curve for rubella lymphocytes in this
serum (Fig 1B)

with suboptimal amounts of PHA, which agrees

with earhier findings on PHA stmulation following

vaccnation with rubella varus (25)
The mechansm for the rubelfa

duced

The of T did not change
sigmificantly during the course of rubella disease,
which 1s in accordance with earlier results (12)
However, a sigmficant decrease in the relative

of B

depression of the PHA response 1s not clear and its
physiological implications are obscure. The present
results, showmng a decreased PHA reactivity dunng
early convalescence and earer findings of a PHA
hyporeactivity for several weeks after vaccination
with rubella wirus €7, 16, 29), suggest that the
mhitetion of PHA response 1s not connected with
the viraernic stage of the disease This means that
the inhibrtion 15 not the result of viral cytotoxi
viral interference with the |

at late
was found The implications of this finding are yet
10 be elucidated

The authors wish to thank Mrs Ulfe Strand, Miss
Knsna Groth, Miss Knistina Orselus and Mrs. Grete!
Berg for skilful techrucal assistance
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curves for PHA stimulation of rubella and control
Iymphocytes following cultivation in media with
autologous and homologous sera. These curves
were constructed on the basis of the mean

epm/ml
x10°
20

0 PHA
6 0 25 50 0D egimt

Fig. 1. Dose-response curves for PHA stimulation of
rubella and control lymphocytes incubated in autologous
serum (AS) or pooled homologous serum (HS) The mean
14C-TdR incorporation of lymphocytes from seven
rubella patients and eight controls after simulation with
PHA in indicated concentrations 15 shown

Fig 1A —acute stage
Fig 1B — early convalescence

® ———— o lymphocytes from rubella patients 1n AS
Qs+ —— ¢ lymphocytes from rubella patients i HS

X lymphocytes from controls 1n AS

¥
P O 2% lymphocytes from controls in HS

Vertical bars denote standard error of the mean

thymidine incorporation of Iymphocytes from the
seven rubella patients and the eight controls,
respectively, following stimulation with different
amounts of PHA. During the acute stage (Fig 1 A},
the dose-response curves for rubella and control
Iymphocytes were identical. In early convalescence
(Fig. 1B), however, the thymidine incorporation of
rubella lymphocytes incubated in AS was conside-
rably lower than that of control lymphocytes at all
PHA ‘When lymphocytes from
rubella patients during early convalescence were
incubated in HS, the thymidine incorporation of
these cells was clearly lower than that of control
lymphocytes following stimulation with PHA in
suboptimal concentrations (Fig. 1B), whereas no
such inhibition was seen after stimulation with
PHA in optimal concentrations.

Lymphocyte Subpopulations

No significant variation in the absolute numbers
of lymphocytes was seen during the course of the
disease, and the mean numbers of mononuclear
cellswere 1.8 * 0.7; 2.0 = 1.0;and 2.0 = 0.7 x
10%/1 at the acute stage, early and late convalescence
stages, respectively, Table 4 shows the relative
numbers of B- and T-lymphocytes in the blood of
rubella patients at the three stages of the disease.
Evidently the relative proportion of T-lymphocytes
did not change during the course of the disease; the
slight reduction seen in early convalescence was not
statistically significant. However, the mean percen-
tage of B-lymphocytes seen at late convalescence,
5.7 £ 2.3, was significantly lower than the mean
percentage at the acute stage, 8.9 + 3.9 (p <0.05),
as well as lower than mean percentage of control
Iymphocytes, 9.5 = 4 9 (p <0 005).

DISCUSSION

A transient and moderate depression of the PHA
response of blood lymphocytes during the course qf
rubella disease was demonstrated jn this study. This
1s in accordance with the results of other studies on
the PHA response followmg experimental infection
with rubella (3, 16) and following vaccination with
attenuated rubella varus (7, 16, 25). Other parame-
ters of cell-mediated mmmunity are also affect

during rubella (7. 9. 12, 17). In the present
investigation, the depression of the PHA response
did not coincide with the acute stage of the disease
but was demonstrable after about two weeks, i.e in
early convalescence Of course, the maximum
depression might have occurred at any time between
five days and two weeks. In a recent study on four
cases with rubella disease (2), a depression of the
PHA response more propounced than that seen in
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A mutogenic ;:cdun has been 1solated from sal:: [e)g;azlcof’klalh)r:;dodé(flﬁs ieed l.’ynel:;jfg;

w. 3 by SDS gel and gel Miltration, but multiple bands were
::::la?nedi::lzze;mnc focusing 'I}:hc molecular weight, determined by gel filtration, was 37,000 Gel
clestrophoresis 1 the presence of SDS gave a molecular weight of 19,000, thus suggesting that the
lectin 15 2 dimer 1t aggluunated human erythrocytes of the different ABO groups eq_uzlly well Human
Iymphocytes were etposed to the lectin or PHA, and the incorpora}lon of thymudine was measured
Compared with PHA, which sumulated maximally 1n the concentration range of 025~1pg/ml, the L
edoratus lectin had optimal activity at concentrations of 3§ pg/ml and higher.,

Key words Lectin, mitogen, Iymphocytes in vitro
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During the tast decade, the number of mitogenic
lecuns has increased markedly About 15 have been
obtanied i punfied form (13) Apparently most of
the lecuns exert their agglutinating activity by
binding to carbohydrate residues on the cell surface
€16) The use of punified agglutining and mitogens
has therefore become a valuable too! for studying
Polysaccharides. glycoproteins and cell surfaces

The present paper Teports mitogenic activity of a
punfied lectin from seeds of Lathyrus odoratus
(LATH) belonging to the Leguminosae family Gold
& Balding (5), n review, g plant and 2nimal lectins,
obsenved that the presence of blood group non-
sll‘.;cglﬂc fectin 1n these seeds has been known since

9

MATERIALS AND METHODS

Evtraction and fracnonauion wuh (NH4)S04 The sesds
of Lathurus odoraus (LATH) were obtained from
Norwegan Seeds A/S 025 kg seeds were allowed 10
swell overnight in 09 Per cent NaCi at 40 C Tpe

matenal was then suspended in 1 | of 0.9 per cent NaCl
2nd homogenized at maximum speed in an Ommimiser
{Sorvalllat 0° Cin five sequences of | min with intervals
to prevent rise in the temperature The homogenate was
centrifuged at 13,000 x g for 30 mn and the pellet was
discarded The proteins contamed 1 the buffy.]

brown
supernate

were fracuonated by salting out with solid
(NH4S04 Precipitates obtamed by 0-30, 3060 and
60~100 per cent saturation were spun down and
suspended 1a distilled water and dalyzed against distilled
water at 4° C The precipitates formed in the dialysss
tubngs wete separated by centrifugation and discarded
The clear supernatants were stored at -20°C.
Chromatography

described 1n legends 1o Fugs | and 2.
Pohacrylamide gel elec,
dium dodecyl sulphate (SDS) e]
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Fig 1 Chromatography on DEAE-Sepharose of the
fraction obtamned by 30-60 per cent saturation of u;e
seed extract by ammonium sulphate. Protein (200 mg) in
25 m! of 01 M of Tris-HCl pH 3 0 was apphed to 2
column{2 § x 30 cm) equilibrated with the same buffer.
This buffer was also used for elution of unbound
proteins The arrows indicate stepwise apphication of
buffer of increasing fomuc strength- a, Tris-HCL + 0.1
MNaCl. b, Tns-HC1 + 0.2 M NaCl Fractions of 9 m1
were collected at a flow rate of 45 mi/h

boresis (Fig 3) Both fraction I from DEAE-
Sepharose and fraction 1 B (further punfication on
CM-Sepharose) showed one band n the continuous
system (not depicted) Similar results were obtained
1n the absence of 2-mercaptoethanot. However, in
the discontinuous system, fraction 1 showed one
major band, and four very faint bands, three of
which were slow-moving and one fast-moving

nacron w

Fig 2 Chromatography on CM-Sepharose of the protemn

fracuon 1(Fig

1) Protetn (20 mgdsn 40 mi 0 1 Macetate
buffer

dicates the application of a linear NaCl gradient 1

cctate buffer Fractions of § mi were collected at flow
aie of 15 mi/h

~ 1

2 3

Fig 3 SDS potyacrylamide electrophoresis with 3 per
cent stacking gel and 20 per cent separation gel. The
arrow marks the position of the tracking dye. 1. Protein
fraction corresponding 1o 30~60 per cent saturation of
the seed extract by ammonium sulphate. 2. Fraction 1
from DEAE-Sepharose 3 Fracton 1 B from CM-.
Sepharose

Fraction I B, from the chromatography on CM-
Sepharose, revealed the major band and the very
faint one with high mobility. The apparent molecy-
lar weight of the major band was determined tobe
19.000.

Gel filiration Fig 4 shows the elution pattern of
the lectin upon filtration on Bio-Gel P-300. Tne
peak of the haemagglutmating activity was coingj-
dent with the major



were used as markers for the molecular weight
estimation.

Gel filtration. A column of Bio-Gel P-300 was
operated under neutral conditions (0.1 M Tris-HCl pH
8.0). Normal human serum and cytochrome C were used
for calibration. Thus the first peak indicated the void
volume (Vo), the second peak eluted corresponded to
mol.wt. 150,000 (IgG), the third peak corresponded to

C

activity 101.7 mCi1/mg). The mitogens were added at
zero time in saline. The experiments were performed in
duplicate or triplicate.

Harvesting of cultures. The cultures were washed
twice with cold 0.9 per cent NaCl. Acid-soluble
materials were extracted with 2.0 ml 5 per cent
trichloracetic acid (TCA) for 1 h at 4° C. The precipitates
were washed twice with cold 5 per cent TCA and then

mol.wt. 68,000 and the fourth ined cy
(mol.wt, 12,400).

Isoelectric focusing. The analysis was performed in 2
110 ml LKB column, using an Ampholine gradient pH
3.5-10.

{utination test. The agglutinating activity was
assayed by performing a twofold serial titration of the
lectin in saline, starting with a concentration of | mg/ml.
One drop of lectin solution and one drop of a 2.5 per cent
solution of thrice washed human red cells were mixed,
After incubation for 2 h at 37° C, the agglutination end
points were read microscopically. Fractions from the
columns were assayed by an Autoanalyzer technique (8,
10).

Lymphocyte cultures. Human lymphocytes were isola-
ted from heparinized (without preservative) blood,
according to the method of Bayum (1) The cells
accumulated at the interface were washed thrice with
Harnks’ balanced salt solution and finely resuspended in
Eagle’s Minimum Essential Medium supplemented with
10 per cent heat-inactivated human AB serum, penicillin
and streptomycin. The cells were cultured in round-
bottomed glass tubes {100 X 12 mm) with loosely fitting
plastic cups. The tubes, containing cells in 2.0 ml
medium, were incubated at 37° C in a humidified
atmosphere of CO; in air. Twenty-four h before
harvesting, 0 8 pCi of 3H-thymidine was added (The
Radi ical Centre A ham, England, specific

1 0.6 ml Soluene-350 by incubation for 2 hat
50° C. The radioactivity was then counted, in 10 m!
toluene based scintillation fluid. in a Packard spectrome-
ter, model A 2425, operated at room temperature

Phytohaemagglutinin. Purified PHA (HA 16) from
‘Wellcome Reagent Ltd., Beckenham, England, was used

Chemical analyses The carbohydrate content was
determined with reference to D-glucose by the phenol-
H3504 method (3). The concentration of protein was
measured by the method of Lowry ef al (14)with bovine
serum albumin as standard.

RESULTS

Isolation of the preparation. Details of the purifia-
tion are given in Table 1. Haemagglutinating and
mitogenic activities were demonstrated in the
fractions precipitated from the saline extract b’f 0
30 and 30-60 per cent saturation of ammonium
sulphate. The latter fraction contained several active
proteins that could be separated by chromatography
on DEAE-Sepharose (Fig. 1). The first peak elfnsd
revealed the highest activities and was purified
further on CM-Sepharose (Fig. 2). .
SDS gel electrophoresis. The isolated fractions
were analysed by SDS polyacrylamide gel electrop-

TABLE | Purification of the Lathyrus odoratus Lectin

N Yield mg/100 g I; i M it
Fractions of seeds titrea)
Saline extract 9.000 8 N.D.
Fractions obtained by
(NH4);504 precipitation
0-30% 100 8 +
30-60% 600 64 N:’)
60-100% 400 b
Fraction{s from DEAE-Sepharose 10 o4 R
90 8 +
1
m 65 - : g-
w 1o
Fractions from CM-Sepharose : _ ND
A 30 128 +

1B

2) Expressed as the reciprocal of
agglutination Erythrocytes of blood group:

N. D. Not determtned

s A, B and 0 gave similar results

{ the highest diution of solutions contaimng | mg/mi. showing dex

ectable
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DISCUSSION

The present report describes mitogeme activity of a
leetin tsolated from the seeds of Lathrus odoratus
(LATH) by ammonum sulphate fractionation and
1on exchange chromatography The purity of the
tsolated mitogen was tested 10 two SDS polyacryla.
mide gel systems The mitogen migrated as a single
Protein band m the conunuous gel electrophoresis
However. the disconunuous SDS system revealed in
addion 2 very fam, fast-moving band This
confirms the sigruficance of using different ge|
Systems, as pointed out by Fischert: et al (4). These
results indicate a rather homogeneous lectin
However, when the fectin was subjected 10 1soelect-
v focusing. multiple bands were obtained Qther
Investigators have Teported simular findings with
punfied lecuns (6 15) Multiple bands might
concenably anse from heterogenesty in the sugar
Chains

The LATH lectun has 2 molecular weight of
31,000 by gel filtration under neutra] conditions.
The molecular weight determined by SDS get
electrophoress was 13.000 These Tesulls indicate

T T T T T Tt
1 2 3 4 5 6 7

DAYS N CULTURE

106 lymphocytes A. Three-day cultures
0 cultures stumulated with 1,0 rg/ml of

that the lectin is composed of two sub-units The
molecular weight and number of sub-units are
similar to those of the mitogenic Lentif agglutinin
(12) The widely used mitogens PHA and Concana-
valin A have molecular weights above 100,000 ang
four sub-units (11).

The concentraton Tequired for optimal stimula-
tion was stgmficanty higher for LATH than for
PHA. This may be due to the abg i
AifTe

10 the fact that Iymph
Were used in these stuges;

It has been sh,
addition of varj

0Wn by other authors that, afier the
‘oUS mitogens. more thap 24 helapse
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Fig. 4. Gel filtration of fraction I B in Fig. 2 on a column
(.5 x 82 cm) of Bio-Gel P-300 under neutral
conditions (0 1 M Tris-HCI pH 8.0). Sample: 13 mg in
2.0 ml. The matenal 1 the main peak was eluted
corresponding to mol. wt. 37,000 according to a
standard curve constructed as described under »Materials
and Methods«. Fractions of 2 ml were collected at a flaw
rate of 4 ml/h.

Isoelectric focusing. The lectin formed five peaks
(Fig. 5). Haemagglutinating and mitogenic activities
were found in the materials eluted in the four major
peaks, which focused between pl 5.9 and 7.5.

Carbohydrate content. The neutral sugar content
was 0.5 per cent, calculated as D-glucose.

Haemagglutinating activity. The LATH lectin
and PHA gave similar titres when starting at a
concentration of | mg/ml.

Mi ic activity. The relationship between H.
thymidine incorporation and the number of lymp-
hocytes per culture was examined. For both PHA
and LATH, three was a linear relationship within
the range of cells tested (0.25—2 x 108/culture).

On exposure of lymphocytes to the LATH mito-
gen, a strong dose dependent stimulation of the in-
corporation of labelled thymidine was found (Fig.
6§ A). A plateau of maximum stimulation was
observed when the concentration was raised to 3§
pg/ml and higher. The concentration of PHA
required for maximum incorporation was 0 25-1.0
pg/ml. When an optimal amount of mitogen was
added to each culture and the incorporation of
labelled thymidine was measured at different times.
a significant increase could be detected for both
LATH and PHA after 24 h (Fig. 6 B). The DNA
synthesis was maximal between the second and-fifth
day for PHA and between the third and fifth day for
LATH.

Cells from two different donors were used in the
two experiments depicted in Figs 6 A & B. The
maximum amounts of incorporation were similar
for PHA and LATH for one subject. With eells
from the other donor, LATH was clearly less
effective than PHA. The results of further exper
ments with different subjects were in accordance
with these findings (not depicted) The mean
coefficient of variation for stimulation experiments
was 2.4%.

80D HALMAGGLUTINATION ACTIVITY

FRACTION NO

Fig 5 Isoelectric focusmng
performed 1 a LKB 810
mstructions  Fractions of 1.5 ml were

I column with 25 per cent
collected, dialyzed

2 after dialysis against saline. The focusing was

rom peak I B in Fig N
of the maternal from P line 1n sucrose according to the manufacturers

Ampho! : ure
against saline and assayed for haemagglutinating activity-
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Fig 6 Thymdine wncorporation 1nto duplicate cultures seeded with | 5 X 108 lymphocytes A Three-day cuttures

reated with sarious concentraions of the muogens B Time course study on cultures stimulated with 1.0 ug/ml of
PHA or 35 pg/ml of LATH

DISCUSSION

The present report describes mitogeme activity of a
lectin ssolated from the seeds of Lath rus odoratus

that the lectin is composed of two sub-units The
molecular weight and number of sub-units are

sumilar to those of the mitogeruc Lentil agglutinin
(LATH) by ammonwm sulphate fractionation and  (12) The widely used mitogens PHA and Concana-
Ton exchange chromatography The purity of the  valin A have molecular wesghts above 100,000 ang
wolated mitogen was tested m two SDS polyacryla-  four sub-unns (11).
mide gel systems The mitogen migrated as a single
Pprotein band 1n the el

The concentration required for optimal stimula-
B
However the discontinuous SDS system revealed in

tion was higher for LATH than for
PHA This may be due to the above-mentioned
addtion 2 very faim, fast-moving band This  differences mn molecular structure and/or that
confirms the sigmficance of using different gel  different lymphocyte populations are involved. The
Systems s pounted out by Fischert: et al (4) These  activaty of the Leni! 2gglutinin (18) seems 1o be of
feulls undicate a rather homogeneous lecn  the same order as that of LATH, although the
However when the lectin was subjected to 1soelect-  comparison is somewhat hampered by differences
nic focusing, multiple bands were obtamed Other 1n the cell culture techniques. In some expenments
iMestgators have reported simdar findings with  the lymphocyte stimulation with optimum LATH
punfied lectins 6. 15) Muluple bands might  concentration was equal to that obtained with PHA
“onceinably arise from heterogeneny in the sugar  while in other experiments the optimum LATH
chayg dose was less efficient than PHA This might be due
to the fact that Iymphocytes from diferent donors
were used 1n these studies.

Tt has been shown b
addition of various mi

The LATH lectin has a molecular werght of
37.000 by gel filtranon under neutral conditions
The molecular weight determined by SDS gel Y other authors that, after the
electrophoresis was 19.000 These results indicate {ogens, more than 24 b elapse
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Fig. 4 Gel filtration of fraction I B in Fig. 2 on a column
(1.5 x 82 cm) of Bio-Gel P-300 under neutral
conditions (0 1 M Tris-HCI pH 8.0). Sample: 13 mg in
2.0 ml. The material in the mamn peak was eluted
corresponding to mol wt. 37,000 according to a
standard curve constructed as described under »Materials
and Methods«, Fractions of 2 ml were collected at 2 flow
rate of 4 ml/h.

Isoelectric focusing, The lectin formed five peaks
(Fig. 5). H lutinating and mi ic activities
were found in the materials eluted in the four major
peaks, which focused between pl 5.9 and 7.5.

Carbohydrate content, The neutral sugar content
was 0.5 per cent, calculated as D-glucose.

Haemagglutinating activity. The LATH lectin
and PHA gave similar titres when starting at a
concentration of 1 mg/ml.

Mitogenic activity. The relationship between JH-
thymidine incorporation and the number of lymp-
hocytes per culture was examined. For both PHA
and LATH, three was a linear relationship within
the range of cells tested (0.25 -2 x 106/culture)

On exposure of lymphocytes to the LATH mito-
gen, a strong dose dependent stimulation of the in-
corporation of labelled thymidine was found (Fig
6 A). A plateau of maximum stimulation was
observed when the concentration was raised to 35
pg/ml and higher. The concentration of PHA
required for maximum incorporation was 0.25-1.0
pg/ml. When an optimal amount of mitogen sas
added to each culture and the incorporation of
labelled thymidine was measured at different times,
a significant increase could be detected for both
LATH and PHA after 24 h (Fig. 6 B). The DNA
synthesis was maximal between the second and-fiftth
day for PHA and between the third and fifth day for
LATH.

Celis from two different donors were used in the
two experiments depicted in Figs. 6 A & B. The
maximum amounts of incorporation were similar
for PHA and LATH for one subject. With cells
from the other donor, LATH was clearly less
effective than PHA. The results of further experi-
ments with different subjects were in accordance
with these findings (not depicted). The mean
coefficient of variation for stimulation experiments
was 2.4%.

800D HAEMAGGLUTINATION ACTIVITY

FRACTION NO
m Fig 2 after dualysis agatmst saline The l’ocu:ml “-’f:

Fig § Isoetectric focusing of the material from peak [ BA

column with 2.5 per cent

KB 8101
performed 1n a LI lected. dnalyzed

instrucuions Fractions of 1 § mi were o

I sucrose to the
aganst salme and assayed for haemagglutinaing actvity.
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Fig 6 Thymdine imcorporation o duphcate cultures

PHA o 35 yg/mt of LATH

DISCUSSION

The present report describes mitogenic activity of a
lectin 150lated from the seeds of Lath rus odoratus
{LATHD by ammonmum sulphate fracuonauon and
ton exchange chromatography The punty of the
wsolated mitogen was tested 1 w0 SDS polyacryla-

mide gel systems The mtogen migrated as a single
TROWwn Band wn the 2¢t

1 2 3 4 5 & 7
DAYS IN CULTURE

seeded with | § x 108 lymphocytes A Three-day cultures
wreated ih various concertrations of she mutogens B Time course study on cultures stumulat

ted with | O pg/mi of

that the lectin & composed of two sub-units The
molecular weight and number of sub-units are
simitar to those of the mitogeme Lentil agghitimn
12) The widely used mitogens PHA and Concana-
valin A have molecular weights above 100,000 and
four sub-umts (1)

The concentraten requured for optimal stumula-

However the dsconnnaons SDS system revealed in
addon a very famt, fast-moving band This
onfirms the sigmificance of using different gl
SYStems as pounted out by Fischernt et al (4) These
reults indicate a rather homogeneous lectin
However, when the fectin was subjected to wsoelect-
e focusing. multiple bands were obtained Other
Itvestigators have reporied simtar findings With
punfied fecums 16, 15) Multiple bands mught
©ncenably anse from heterogenerty 1n the sugar
whans

The LATH lecun has a molecutar werght of
37000 by gel fittration under neutral condiions
The molecular weight determined by SDS gel
ehetrophorests was 19.000. These sesulis indicate

uon was Tugher for LATH than for
PHA. This may be due 10 the above-mentioned
differences 1n molecular structure andfor that
different lymphocyte populations are mvolved. The
activity of the Lentif agglutinin (18) seems to be of
the same order as that of LATH. although the
18 somewhat by

1n the cell culture techniques In some expenments
the Iymphocyte strmutation with opumum LATH
coneentration was equal {6 that obtaned with PHA
while 1n other experiments the opuimum LATH
dose was less efficient than PHA. This might be due
to the fact that lymphocytes (rom different donors
were used (o these studies

1t has been shown by other authors that, after the
addhvon of vanous mitogens. more than 24 h elapse




before any increase in DNA synthesis is seen (2, 7).
Similar results were found with the LATH lectin.

The LATH lectin contained 0.5 per cent carbohy-
drates. Other purified lectins are reported to contain
2-10 per cent (16).

The author wishes to thank Dr. R. Aadersen for
performing the isoelectric focusing and Dr. L. O.
Froholm & Dr. L. Haaheim for the analyses on SDS get
electrophorsis.
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EFFECT OF HALOTHANE ANAESTHESIA
ON SECONDARY ANTIBODY RESPONSE AND
MITOGEN-INDUCED LYMPHOCYTE TRANSFORMATION
IN THE CHICKEN

A SALO. O LASSILA. M VILJANEN, J ESKOLA and L KANGAS
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University of Turku, Turku,

Salo, M. Lassla. Q.. Viljanen, M. Eskola, ] & Kangas, L. Effect of halothane anaesthesia on
secondary anubody response and 8! duced n the chicken. Acta
path microbiot scand Sect C. 86 105-108, 1978

The effect of a single halothane anaesthesia on the secondary antbody response and the lymphocyte
response in vitro 10 phy (PHA) and A{Con A) was studied. The antigens
used were bovine serum alburun (BSA) and killed Brucetla abortus orgarusms (Brucellal 1gG and IeM
antbodies against these antigens were quanufied by sohd-phase radioimmuncassay Lymphocyte
transformation was studied by a whole blood micromethod The chickens were anaesthetised for two
hours with 2% v/ halothane The halothane concentrauon of the blood was measured by gas
chromatography at the end of the anaesthesia

Halothare anaesthesia had no effect on the secondary anubody response against BSA and Brucefla In
emtrast, 8 caused a sgnficant decreasé wn the lymphocyte respanse to PHA and Con A This

Suppression was transient, however. and full recovery of the lymphocyte function was observed by the
first day after anaesthesia

Key words Anubody formation, halothane. lymphocyte transformation.

M Salo. Depantment of Anesthesiology, University Central Hospital, SF-20520 Turku 52, Finland
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Halothane 1s known to affect immune reactivity
m many ways A long exposure to halothane
depresses bone marrow function and decreases
penipheral granulocyte and lymphocyte counts (7)

ntradictory  observauons exist as regards the
tnterference of halothane with chemotaxis in vitro
(10, 12, 18} /a o halothane 15 reported to
decrease the of ® pento-

cell functions have been studied by exposing the
lymphocytes to halothane both i sitrp and in vivo,
Halothane mited with the culture medwm of
lymphocytes inhibits mutogenic €6, 9) and cytotoxic
(8) responses of lymphocytes in a dose-dependent
manzer. Repeated halothane anaesthesia suppresses
the response of chicken splenic Iymphocytes 1o
mr:?nqval%n A (Con A)(24)

neal exudate (4.5) The phagocytic functions of both
arculating (5) and fixed phagocytes (17) are also
affected Observations on the effects of halothane on
Becxll funcuions are contradictory. It decreases the
number of antibody-formung cells in the spleen (13,
14, 27, 28), but it 1s reported 1o have no effect on
agglutnin titres ewher 1 the primary or secondary
antbody responses (14, 24, 28) The effects [

N g the of class-specific
antibodies by radioimmuncassay may give more
accurate information than the agglutination Tethod
2s regards the effect of halothane anaesthesia on
amnboc_iy prqduction. More exact kinetic studies of
the mitogenic tesponses of lymphocytes are also
posslb!e with the new whole blood micromethod
{16). since the animals need ot be killed. Therefore,
the present work was undertaken to clarify lhe‘



effect of halothane anaesthesia on the kinetics of
secondary antibody production against a T-depen-
dent and a T-independent antigen and mitogen-
induced lymphocyte transformation.

MATERIAL AND METHODS

Animals

The experimental animals were four-weeh-old line P
White Leghorn chickens, homozygous for the major
histocompatibility locus. genotype B2B2,

Anaesthesia

The chickens were anaesthetised for two hours with
2% v/v halothane 1n a mixture of 30% oxygen and
70% nitrogen at a gas flow rate of 3 1/min, using the
Drager-Vapor® vaporiser (Dragerwerk Lubeck. Lubeck,
Germany) In preliminary experiments, 1 % v/v concen-
tration of halothane in the gas mixture inspired gave only
light anaesthesia in the chucken In the present work with
2% viv a proper third-stage surgical

measured by an electric thermometer (Thermorapd
Medeor G.m b H., Hamburg, Germany}

Secondary Antibodv Response

Seventeen chickens were immunised intraperitoneally
with 5 mg bovine serum albumin (BSA. Fraction V.
Armour Pharmaceutical Co. Ltd , Eastbourne, England}
and 107 formalin-killed Brucella abortus organsms
(Brucella) Nine animals were anaesthetised eight days
after the primary immunisation and eight chickens
served as a non-anaesthetised control group The
chickens were given a booster of the same size as the
primary immunisation {5 minutes after the onset of the
anagsthesia.

Blood samples were drawn for antibody titrations one
day before and one. 3, 6 and 10 days afier the
anaesthesia IgG and IgM antbodies to BSA and
Brucella were ified by solid-ph: d
say (23).

Lymphocy te Response to Mitogens
The mitogenic responses of lymphocytes were s:mlhcd
m 10 d chickens and 10 non-anaesthetied

anacsthesia was achieved, The halothane
of the blood was measured at the end of the anaesthesia
by gas chromatography (15). In the box where the
chickens were anaesthetised, the oxygen percentage was
22-25% measured by a Beckman Oxygen Analyser,
Model D2 (Beckman Instruments Ltd, Glennrothes Fife,
Scotland) No CO; could be measured in this box by a
(Godart NV, Bi . England)

To check the effect of the experimental arrangement
on the pH, PCOzand POjand on the rectal temperature,
five additional chickens anaesthetised with 2% v/v
halothane for two hours as before and five non-
anaesthetised controls were studied Blood samples were
taken into capillary tubes at the end of anaesthesia from
the wing artery and from the anterior metatarsus by
removing some scales The pH of these blood samples
was measured by a K 172 calome! cell and G 299 A
glass electrode (Radiometer A/S. Copenhagen, Den-
mark), PCO; by a PCO; electrode type E 5036 (Radio-
meter A/S. Copenhagen, Denmark) and PO2by a PO2
electrode type E 5046 (Radiometer A/S. Copenhagen.
Denmark), al) at 37° C The rectal temperatures were

controls one day before and one hour, one, 3, 6 and 10
days after the anaesthesia by a whole blood rmicromethod
(16). The mutogens used were phytohaemagglutmn
(PHA P, Difco Laboratories, Detroit, Mich , USA}ina
final concentration of 1200 pg/ml and Con A (Pharms-
¢a Fine Chemicals, Uppsala, Sweden) mn a fini!
concentration of 20 pg/ml The mitogenic r:_spom:\
were determined by the racorporation of | 128} 5-iodo-2+
deoxyuridine {1251] UdR., specific activity 90-1 10 mC/
mg. The Radiochemical Centre, Amersham, England)

Stanstics "
Student's f-test was used to compare the arthmet

means of comparable data.

RESULTS

pH. PCO3, PO1. Rectal Temperature and Blood Halor-

hane Concentration at the End of Anaesthesia :
The pH, PCOz and PO2 values are given 10 Table ‘

The rectal temperature at the end of anaesthesia #as 35

Holothane i J and Fne
TABLE | pH, PCO;and PQ; after Two Hours' 4 ’ with 2% viv in Fie h and Fiv
Non-anaesthetised Control Chickens Means * sd
pH PCOy(mmHg) POy (mmkig)
Samples from the anterior
metatarsus capillaries R o4
Halothane group 7383200690 (n=4) 3032409 (n=3) 633::: (a=4)
Controls 75400061 23236 6
Samples from the wing artery B 4102950 (0= 4
.036 260256 (n=3)
g;::’;";:egmup ;gg:gg% 200+14 (n=2) 673290 (=4
» =P<005
v =P<001
S
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Two Hours' Anaesthesia with 2% v]v Halothane
Antibody Responses to BSA and Brucella after ?

TA;: Eﬂzn nSAe::: ianr:es!ilmsed Chickens and Eight Non-anaesthetised Controls Primary Immumsation m/n;d out on
- yDay —8 Annbody Concentrations Indicated as Perceniage of Pooled Standard Plasma Means = s

Days after halothane anaesthesia

I, Groups

-1 +1 +3 +6 +10

2882 317
-ant] o 5582446  S8x118  367%£413 6282448

feGan S 2‘;’"0?““ 4622579 1722426  468=621 10812609 583 515
fManu-BSA  Halothane  S35=471  [{7=(23 41 (%259  $22+688 171z 142
Control 5082721 134161  50.5+380 635730 18Bx 244
IgGant-Brucelia  Halothane  152%259 585580 767806 131 1=945 250021278
Controt 2304316 469574 11422661 910578 mf: 9;:;

Al.ant-Brucella Haloth: 1312388 267x738  27.6%329 7302473 641z 6
it Bructe Comrol . 052 04 14% 19 3272309 8332483  778x 539

% 12° C(mean + sd) in the anaestheused chickens
and 412 = 013° C 1 the non-anaesthetrsed control
chickens {P<0 001) The blood halothane concentration
at the end of 2naesthesta was 0 221 * 0 054 g/l in the
antibody titration group and 0 236 £ 0038 g/l i the
Tymphocyte sumulation group

Secondary Anusbody Response

There were no sigmificant differences 1n the IgG- and
1gM-2nti-BSA and 1gG- and IgM-anti-Brucelta concen-
irattons between the anaesthetsed and the non anaesthe-
used chickens duning the follow-up of 10 days after
anaesthesta (Table 2)

Limphocy te Response 1o Muogens

A slight decrease m spontancous 1ncorporation of
[35UAR was observed one hour after halothane
2naesthesia (Fig 1), but at the same ume the PHA- and

lih 2 helothons

ioe e s

i e @) st

Con A-mduced transformation of peripheral blood
Iymphocytes decreased to 43 and 23% of the control
eroup values, respectively This suppression of mitogenic
responses was totally restored by the first day after
anaesthesia No rebound effect was observed

DISCUSSION

The effect of halothane on immune responses in the
chicken was measured using an anaesthesia resembling a
chinical Secondary

ton dunng anaesthesia was selected for the model
because subjects exposed 10 earhier contact with many
anugens can be expected to have a new contact ith some
of these anugens during the operation The antigens BS 4
and Brucella represent T-dependent a, 3) and T-
dependent antigens {22, 26), respectvely The Mitogens
PHA and Con A activate T-lymphocytes selectsvely n
the chicken (2, 21) and are commonly used to evalvate
cell-medrated immunity

Two hours’ anaesthesia of the chicken with 2% viv
halothane 1n this study did not affect the secondary
anubody response aganst BSA and Brucella when the
class-specafic antsbody concentrations were measured by
radiommmuncassay  This venfies the results obtamed
with the agglutination method (24) Halothane 1mpairs
the function of antbody-producing spleruc cells (13, 14,

Fig 1 Inarro tym,
w 10

phocyte responses to PHA and Con A
anaesthetsed chickens {~) and 1n |0 non-
anaestheused controls (+---) The mitogen responses on
day 0 were measured one hour afier the end of

mamfested 1n anubody
ultaneous changes pos-
f regulatory T-cells may
ciency of B-cells during

In addition, sim
sibly oceurring i the activity of
compensate a temporary defi
halothane anaesthesia
The impasement of the mitogenic  respo
penipheral blood Iymphocytes to PHA zng ncsfn ‘:
observed m this study afier halothane anaesthesia was of
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effect of halothane anaesthesia on the kinetics of
secondary antibody production against a T-depen-
dent and a T-independent antigen and mitogen-
induced lymphocyte transformation.

MATERIAL AND METHODS

Animals

The experimental animals were four-week-old line P
White Leghorn chickens, homozygous for the major
histocompatibility locus, genotype B2B2.

Anaesthesia

The chickens were anaesthetised for two hours with
2% v/v halothane in a mixture of 30% oxygen and
70% mtrogen at a gas flow rate of 3 1/min, using the
Drager-Vapor® vaporiser (Dragerwerk Lubeck, Lubeck,
Germany). In preliminary experiments, 1 % v/v concen-
tration of halothane in the gas mixture inspired gave only
light anaesthesia in the chicken In the present work with
2% viv a proper third-st surgical

measured by an electric thermometer (Thermarap
Medeor G.m.b.H , Hamburg, Germany)

Secondary Antibody Response

Seventeen chickens were immurused intraperstoneal!
with 5 mg bovine serum albumm (BSA, Fracuon V
Armour Pharmaceutical Co. Lid., Eastbourne, Englant
and 107 formalin-killed Brucella abortus organsm
{Brucella). Nine animals were anaesthetised eight dzy
after the primary immunisation and eight chicher
served as a non-anaesthetised control growp Th
chickens were given a booster of the same suze as th
primary immunisation 15 minutes afier the onsetof th
anaesthesia.

Blood samples were drawn for antibody titrations o
day before and one, 3, 6 and 10 days afier b
anaesthesia 1gG and IgM antubodies to BSA an
Brucella were ified by solid-ph i
say (23).

Lymphocyte Response to Mitogens
The mitogenic responses of lymphocytes were studix
in 10 ised chickens and 10 non-anaestheusa

anaesthesia was achieved. The
of the blood was measured at the end of the anaesthesia
by gas chromatography (I5). In the box where the
chickens were anaesthetised, the oxygen percentage was
22-25% measured by a Beckman Oxygen Analyser,
Model D2 (Beckman Instruments Ltd, Glennrothes Fife,
Scotland). No CO; could be measured in this box by a
(Godart NV, , England)

To check the effect of the experimental arrangement
on the pH, PCOzand POzand on the rectal temperature,
five additional chickens anaesthetised with 2% v/v
halothane for two hours as before and five non-
anaesthetised controls were studied. Blood samples were
taken into capillary tubes at the end of anaesthesia from
the wing artery and from the anterior metatarsus by
removing some scales. The pH of these blood samples
was measured by a K 172 calomel cell and G 299 A
glass electrode (Radiometer A/S, Copenhagen. Den-
mark), PCO; by a PCO; elecirode type E 5036 (Radio-
meter A/S, Copenhagen, Denmark) and POz by a PO2
electrode type E 5046 (Radiometer A/S. Copenhagen.
Denmark), all at 37° C The rectal temperatures were

controls one day before and one hour, one, 3. 6 and It
days after the anaesthesia by a whole blood nucromethoe
(16) The mitogens used were phytohaemagglutioy
(PHA P, Difco Laboratortes, Detroit, Mich, USA)m:
final concentration of 1200 pg/mi and Con A {Pharma
cia Fine Chemicals, Uppsala, Sweden) mn a finz
concentration of 20 pg/ml. The mitogenic r:cpomr.
were determined by the incorporation of [1291}5-10do-2
deoxyuridme {1251] UdR, specific activity 90-110 mCy
mg, The Radiochemical Centre, Amersham, England)

Statistics .
Student's r-test was used to compare the arith

means of comparable data

meti

RESULTS

pH, PCO, POy, Rectal Temperature and Blood Halot
hane Concentraton ai the End of Anacsthesia

The pH. PCOz and POy values are given in Table 1‘
The rectal temperature at the end of anaesthesia a5 35¢

toth e hetised and Fine
TABLE 1 pH, PCO; and PO; after Two Hours' A h with 2% v/v m Five A, and Fir
Nou-anaesthensed Control Chickens Means * sd

pH PCOz{mmHg) PO(mmHg)
Samples from the anterior
metatarsus capillaries B _
Halothane group 738300699 (n=4) 30.3%4.09 (n=3) 632:?.: =4
Controls 7540=0.061 232£36 600
Samples from the wing arterv _ 2 (a= )

260£5.6 (n=3) 84.0£9.52 (n

g:::;:?:e grosp ;g::gggg 20014 (n=2) 62.3x9.0 (n=4)
a =P<005
®» =P<00l
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CROSSED IMMUNOELECTROPHORESIS AND
ELECTROIMMUNOASSAY OF HUMAN IgG SUBCLASSES

VIVI-ANNE OXELIUS

Department of Pediatnics and Institute of Medical Mucrobiology, University of Lung, 5221 85 Lund,
Sweden

Oxehus, b -A Crossed and
path mucrobiol scand Sect C. 86 109-1i6, 1978

of human IgG subclasses Acta

Human IgG1, 1gG2. 1gG3 and 1gG4 1n WHO poot 67/97. a normal serum poal. Cohn Fracl}on 1 and
individual sera were exammed by crossed an in agarose
with 1gG sudclass specific rabbit anusera In these metkods the fact that 1gG subclasses duffer 1n the
electrophoreuc field 15 utlized 1gG4 s located anoducally, 1gG3 cathodically, and 1gG2 and IzG1 both
anodically and cathodically The mean, SD and range of serum IgGl. 1gG2, 1gG3 and 18G4 m 20
normal adults found by the electrommunoassay were given and related 1o the amount m the WHO
pool 67/97 The 1gG subclasses values obtzined by electroimmunoassay agreed with the values
obtarned by single radia) diffusion The of double (mterplate

was | 5-5 5 per cent Repeated freezing, thawing and storage of the serum at room temperature did
not mMuence quanutauon of 1gG subclasses Cohn Fraction I was found to contan smaller amounts of
12Gl, 1gG2 and 1gG4 than those found 1 the normal serum pools Crossed immunoelectrophoresis
and eleciroimmunoassay also easly reveal failing qualty of IgG subclass antisera To obtan good

anusera 1n rabbits against 1gG subclasses immumzaton should be done with several myeloma protens
with different electrophoretic mobility within the Same subclass

key words Human IgG subclasses, crossed

‘ -A Oxels, Depaniment of Peduatrics. Universuy of Lund, §-221 85 Lund, Sweden
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Normal human IgG consists of four subclasses
designated 1gG1, 1862, IgG3 and 1G4 (Grey &
Kunkel 1964, Tern & Fahey 1964, Kunkel et al
1966) Molecules of these subclasses differ m
structure of the carboxy-terminal three-fourths of
herr keavy polypeptde chamns and 1n number and
arrangement of the interheavy chan disulfide
bridges Linking the heavy to the light polypepude
chaiss (Frangione et al 1969, Frangione & Milstern
1968). These differences are the basis of the concept
that the four subclasses of IgG are coded for by
dilferent structura) genes. In addiuon to these
sorypes 1gG molecules are known to carry allotypic
‘vanatons catled Gm factors. More than 20 different
Gm factors have been ideatified. most of them are
found in association of only one of the four

subclasses of IgG heavy polypeptide chains (Narvig
etal 19672, Narsig er al. 1967b). The quamitative
distribution of the subclasses in normal sera has
been published (Yount et al 1967, Yount ef af.
1968, Schur et al 1970, Virella et al, 1970,
Stewnberg et al 1973, Giessen et al 1975). The
relative concentrations have been estimated to be
60 9% for 1gG1, 29.6% for I3G2, 5.3% for 1G3
and 4.2% for 18G4 {Steinberg et al 1973) In
wodividual sera a correlation has been detected
between the concentration of the subclass 1gG3 and
the phenotype expressed by Gm factors on IgG3
molecules (Yount er al. 1967). Also ™e2n Concenira-
tions of 15G4 are !zighﬂ in sera positive for Gm(23)
‘Ih;:))l? sera lacking this marker {Steinberg et af.

This paper reports 1) qualitative data of IsG
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vivo (25). The basic cellular mechanism mediating the
N L Pl . . .

of in

this study perhaps arises from the direct inhibitory effect
of halathane on all phases of the cell cycle (11, 19, 20),
thus decreasing the proliferation of lymphocytes. Howe-
ver, the possible additional effect of hypothermia cannot

be excluded. The rapid recovery of

o

. Hill, G. E., Stanley, T. H., Lunn, J. K, Liy, W,

English. J. B., Loeser, E. A., Kawamura, R,
Senther, C. R. & Hull, H. R.: Neutrophil chemotaus
during halothane and halothane-Ny0 anesthesia in
man. Anesth. Analg. Curr. Res 56 696~702,
1977,

concurs with the clinical view that the role of anaesthesia
in the decrease of lymphocytic responses afler an
operation is small compared with the trauma-induced
decrease.

Supported by a grant from the Emit Aaltonen Founda-
tion. Halothane (Anestan®) was donated by Leiras,
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Human 1gG1. [gG2. 1§G3 and 1G4 1n WIIO pool 67/97. 2 normal serum pool, Cohn Fracuon {1 and
individual sera were examined by crossed and n agarose
with 1gG subclass specific rabbit antsera In these methods the 3t that 156 subclasses differ 0 the
electrophoretic field 15 utilized 1gG4 1s located anodicalty, [3G3 cathodically. and 13G2 and 15G1 both
anodically #nd cathodically The mean, SP and range of serum 1561, 13G2, 15GY and 15G4 1n 20
normal adults found by the electroimmunoassay were given and related (o the amount 1 the WHO
pool 67/97 The 12G subclasses values obtamed by electroimmunoassay agreed with the values
obtaned by single radnal diffusion The of double Unterplate 3
mas 1 5-5 5 per cent. Repeated freczing, thawing and storage of the serum a1 room temperature did
not influence quanutation of 1gG subclasses Cohn Fraction If was found to contain smaller amounts of
1gG1. 1gG2 and 1G4 than those found 10 the normal serum pools Crossed immunoclectrophoresis
and electrommunoassay also easdy reveal fahing quality of 15G subclass antiscra To oblan good
antsera 1n rabbits against IgG subclasses immunization should be done with seseral myeloma protens
with different electrophoretic mobility wuhin the same subclass

Rey words Human IgG subclasses crossed
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Normal human 1gG consists of four subclasses
designated 1gGl, 12G2, 1gG3 and 18G4 (Groy &
Kunkel 1964, Terry & Fahey 1964, Kunkel et at
1966). Molecules of these subclasses differ in
structure of the carboxy-terminal three-fourths of
therr heavy polypeptide chains and in number and
arrangement of the interheavy chain disulfide
‘bridges Lnking the heavy to the light polypeptide
chais (Frangione et al. 1969, Frangione & Malstein
1968). These differences are the basis of the concept
that the four subclasses of IgG are coded for by
Gifferent structural genes In addition to these
1sotypes 1gG molecules are known to carry allotypic
Variations called Gm factors. More than 20 different,
Gm factars have been identified, most of them are
found in association of only one of the four

subclasses of 1gG heavy polypepude chains (anig
etal 1967a, Nanig et al 1967b) The quantitanve
distnbution of the subclasses 1n normal sera has
been published (Yount er al 1967, Yount e al.
1968, Schur et al 1970, Virella et af 1970,
Steinberg et al. 1973, Giessen et al 1975) The
Telatne concentrations have been estimated to be
60.9% for 1gG1, 29.6% for 1G2, 5 3% for 153G
and 42% for 18G4 (Stcinberg et al 1973). In
todividval sera a correlation has been detected
between the concentration of (he subclass 1gG3 and
the phenotype expressed by Gm factors on IgG3
molecules (Yount et af 1967) Atso mean concentra-
tions of 13G4 are !ﬂgher in sera positive for Gm(23)
t‘h;;:};-n sera lacking this marker (Steinberg et at,

This paper reports 1) qualitatve daa of IgG
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vive (25). The basic cellular mechanism mediating the
Mt induced inhibition of mi ic esp in
this study perhaps arises from the direct inhibitory efTect
of halothane on all phases of the cell cycle (11, 19, 20),
thus d ing the prol ion of lympl s. Howe-
ver, the possible additional effect of hypothermia cannot

~

- Hill, G. E.. Stanley, T. H., Lunn, J K. Liy, w,

English, J. B., Loeser, E. A. Kawamurg, R.
Senther, C. R. & Hill, H. R.: Neutrophit chemouis
during halothane and halothane-N10 anesthesia in
man. Anesth. Analg. Curr. Res. 56- 696=702,
1977,

be excluded. The rapid recovery of p 13. Humphrey, L. J., Wingard, D IV. & Lang, R . Efft
concurs with the clinical view that the role of anaesthesia of halothane on spleen cells. In vitro studies on
in the decrease of lymphocytic responses after an ibility of i ion  Surgery 65
operation fs small compared with the trauma-induced 939-942, 1969.
decrease. 14, Humphrey, L. J., Wingard, D. W. & Lang, R : The
effect of surgery and ancsthesia on the immunologsc
Supported by a grant from the Emil Aaltonen Founda- ;*;Sé’;"SiW"eSS of the rat. Surgery 65: 946-951.
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' ’ Halothane anaesthesia in caesarean section Acta
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tuman 1gG1. 1gG2. 1gG3 and 12G4 1 W HO pool 67/97.a norm;;r:mm poel. Cohn Fmﬁn’zz:"n:
were examined by crossed

Tndx;’ld:él ::t:us:r:peaﬁc nbbuyamxma In these methods the fact that 3G subch\z\a dx:f:(r:. Im &
electrophorec field 1s untzed TgG4 15 located anodically, 1gG3 cathodically, :nd ;G ::’l H e
anodically and cathodically The mesn. ST ard fange of wrum 15GL, 15G2, 15G3 and UG \‘:‘"o
normal adults found by the elecirormmunoassay were given and related 1o the amount Ia the

pool 67/97 The IgG subclasses values oblamed by electroymmunoassa) agreed With the values
obtained by single radsal diffusion The reproducibiliy of double determinations Unterplate vanations)
was | 5-5 5 per cent Repeated freezing, thawing and storage of the serum at room temperature did
1ot 1nfluence quanutation of 1gG subclasses Cohn Fraction 41 was found to contain smaller amounts of
166). 1gG2 and IgG4 than those found 1n the normal serum pools Crossed immunoclectrophoresis
and electroimmunoassay also easdy reveal fahing quality of IgG subclass antiera To obtun goad
antisera in rabbuts against IgG subclasses immunization should be done with several myecloma protens

with different elecirophoreuc mobility within the same subclass
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Normal human IgG consists of four subclasses
designated 1pG1, 1gG2, 1gG3 and 1¢G4 (Grey &
Kunkef 1964, Terry & Fahey 1964, Kunhel et al
1966) Molecules of these subclasses differ 1n
structute of the carboxy-terminal three—fourths of
therr heavy pofypeptide chains and 1n pumber and
arrangement of the interheavy chain disulfide
bridges linking the heavy to the light polypeptide
chains (Frangione et al 1969, Frangione & Milstein
1968) These differences are the basis of the concept
that the four subclasses of IgG are coded for by
different structural genes In addition to these
ssotypes IgG molecules are known to carry allotypic
¥arauors calied Gm factors More than 20 different
Gm factors have been identied, most of them are
found 1 association of only one of the four

subclasses of 15G heavy polypeptide chains Nanig
etal 1967a, Nanig et al 1967b). The quantitaune
distributon of the subclasses in normal sera has
been published (Yount et of 1967, Younr er af.
1968. Schur er af 1970, Virella et al. 1970,
Steinberg et al 1973, Giessen ef af. 1975). The
selave concentrations have been estimated 0 be
60 9% for 15G1, 29.6% for 1gG2, 5.3% for 1gG3
and 42% for IgG4 (Steinberg e1 al. 1973). In
individual sera a correlation has been detected
between the concentration of the subclass IgG3 and
the phenotype expressed by Gm factors on IgG3
molecules (Yount er at 1967). Also mean concentra-
tions of [gG4 are higher 1n sera pasitive for Gm2y)
(ll:;x;xl )m sera lacking this marker (Steinberg ef qf.

This paper reports 1) qQualitative data of G
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subclasses in normal serum pools, Cohn Fraction 11
and individual sera by crossed immunoelectropho-
resis, 2) quantitative data about normal serum
pools, Cohn Fraction Il and individual sera by
electroimmunoassay and 3) a comparison of these
data with Gm factors representative of the subclas-
ses of IgGl and IgG3. The sera were therefore
typed for the genetic markers Gm(1), Gm(4) and
Gn_l(S)‘ In the immunochemical studies rabbit
antisera were used.

MATERIALS AND METHODS

| Normal Human Sera and Myeloma Proteins
A normal serum pool (IgG content 128 LU./ml)
prepared {rom blood somples from 400 registered blood
donors was used.
Reference serum pool 67/97 (1gG content 96 1.U./ml)
from WHO International Reference Centre for Immunog-
lobulins, Lausanne, Switzerland,
Individual sera from 20 normal adults and different
Gm patterns were analysed
Cohn Fraction IKKabi 64) was kindly supplied by
Kabi AB, Sweden.
1¢G myeloma proteins of all four 1gG subclasses were
isolated from sera of patienis with multiple myeloma by
fum sutphate ipt , ive electrop-
horesis in agarose, DEAE chromatography (Peterson &
Sober 1956) and Sephadex G 200 gel filtration (Flodin &
Killander 1962). The IgG myeloma proteins were
classified by Gm typing or by testing them with
iffusion and i €SI against
specific subclass antisera. For reference purpose anti-
1gGl, anti-IgG2 and anti-13G4 were kindly placed at our
disposal by Dr. Skvari, and anti-IgG3 by Dr. Grey.

2. b8 Sudaless Aniisons
Antisera were prepared in rabbits The method of
Spregelberg & Wergle (1968) was followed. The rabbits

proteins including all heavy-light chain combinations
and IgG subclasses with different Gm markers. Alsg oG
subclass deficient sera were used. B

3. Quality and quantity of IgG Subdlasses

Crossed immiunoelectrophoresis was performed accor.
ding to Laurell (1965} and Ganrot (1972). Barbiual
buffer, 0.75 M, pH 8.6, containing 0 002 M Ca + + was
used. In the first step sera were run undiluted and Copn
Fraction 11 20 g/1. Antiserum concentration was chosen
5-20%.

Immunoelectrophoresis was run as descrbed by
Quchterlony (1962), in agarose.

Electroimmunoassay was done in the way desctibed
by Laurelt (1972) for other proteins. The values obtaned
were calculated relative to the concentration m the
reference serum pools. The concentrations of 1G
subclasses in the WHO reference serum pool 67/97 were
givenas: § 1 g/lfor 1gG1, 2.5 g/l for 1gG2, 0 55 ¢/l for
13G3 and 0.35 g/1 for 1gG4 (Steinberg et ol 1973) The
values in this article were given according to the valugs in
this reference serum (Steinberg et al. 1973) Barbyal
buffer, 0.75 M, pH 8.6, containing G 002 M Ca* * was
used as electrophoresis buffer. Samples were diluted
1:10, 158, 1:2 and 1.2 1n buffer solution for determna-
tion of IgG1, IgG2, 1gG3 and IgG4, respecuvely. The
holes in the agarose plate were placed in approprate
positions for the IgG subclass anafysed. The lonest
possible antiserum concentration (4-11%) was chosen
The electrophoresis was run 4 hours for IgGi and 1263
and 3 hours for IgG2 and 1gG4 at 10 Vper cm Agarose
from Miles-Seravac, Maidenhead, was used 1n all( the
expertments. After the plates had dried they were stained
with Comassie Brilliant Blue R-250 {Mann Research
Laboratory, N.Y., USA)} Double determinations were
made of 20 samples from registered blood donors and
the 1nterplate reproductbility of the test was calculated
for each 1gG subclass

Sers fropen £n? dhawed oy & Gve dimes, and stoead 21
room temperature for 1, 3 and 5 days were compated
with fresh serum for any difference in the results of the

were made tolerant to three of four IgG gtven
by intravenous mjection of 15-20 mg of a centrifuged
solution of a muxture of 1solated myeloma protein
Simultaneously the immumzing dose of a 3-5 mg
sofution of myeloma protemn wn Freund's complete
adjuvant was given subcutaneously Booster doses of the
immunizing IgG subclass were given once a week 3 or 4
umes Antusera sustable for use in the immunodiffusion
assay were obtamned 712 weeks after the first immuni-
2ing dose had been given Judging from our expersence,
IgG subclass specific antibodies 1n rabbits are detected
already early 1n the course of immunization Repeated
tolerance doses or immunizmg doses did nat improve the
result High-utered antisera against IgG3 were readily
produced by rabbits without previous preparation of the
animals with tolerant doses of the other IgG subclasses.

When necessary ant* era were rendered specific for
1gG by absorption w % serum fractions or isolated
serum proteins by incuisation at 37° C for one hour and
at 4°C overmight. S aclass specificity was secured by
absorpuon 1n the same way but with 1solated myeloma

Single radial immunodyfJusion according to Mancini ¢t

al. (1965).
Gm determination as described by Grubb (1956)

adapted in microtuter system (Borel 1967).

RESULTS

IgG1. On crossed immunoelectrophoresis (Fig. 1)
and electroimmunoassay (Fig. 7) the 1gGl of the
WHO pool 67/97 as well as of our own standard
serum pool gave a precipitation pattern anodal and
cathodal to the apphcation hole. With these
methods deficient antisera were easily recognized.
An antiserum agamnst Gm(l) myeloma protein
produced strong precipitates with sera from indivi-
duals homozygous with Gm({) type while sera frotn
Gm(4) homozygous individuals showed thinner and
more diffuse precipitation lines with the same



antiserum Antisera against both Gm(i) and Gm(4)
were therefore used. 1gG1 of both Gm(1) and
Gm(4) homorzygous individuals spread over the
same electrophoretic area (Fig. 2, Fig. 7} showed
roughly the same concentrations. The amount of
1§G} in Cohn Fraction 11 (10 g/1) was about 50 per
cent of that in the WHO poot 67/97 (Table 1). The
anodal portion of Cohn Fracuon 1i was relatively
smaller than that for the WHO serum pool (Fig. .
Fig. 7). The mean value, standard deviation and
range for 20 blood donors are given in Table 2.
There was good agreement of the IgG1 values found
with electroimmunoassay and single radial immu-
nodiffusion (r = 097)

IgG2 On crossed immunoelectrophoresis (Fig 3)
and clectroimmuncassay (Fig. 8) the 1gG2 of the

Fig 1 Crossed immunoelectrog
phoresis and immu;
t\{?;l\;nhomls of Cobn Fraction II (20 g/1) (A) :r:
pooll 67/97 (B} agamst anu 13G1 anuse-
fum Anode is upwards and to the lefi

‘WHO pool 67/972
Coha Fraction Il

Fig 2 Crossed immunoelectrophoresis and 1mmuno-
electrophoresis of one homozy gous Gm(1) serum (C) and
one homozygous Gm(4) serum (D) against anty 15G1
antserum Anode 15 upwards and 10 the left.

TABLE ! /gG Subclass Lerels in Cohn Fraction 11
3Gl 1gG2 1gG3 1G4
gh

5.10
2355

250
1.25

055
0.59

035

10g/1 004

_—
& According to i}
oy sordung 10 the levels determined by Steinberg et f,

1t



TABLE 2. /gG Subclass Levels in g/l in 20 Healthy

Adulis
1gG1 13G2 1gG3 1gG43)
Mean 7.55 3.80 0.72 0
. . .54)
sSD. 252 1.53 0.27 )

Range 4.22-12.92 1.17-7.46 0.41-1.28 <0.01-2.65

:; A;mm:ims less than 0.01 g/1 regarded as 0.005 g/L.
on-detectable IgG4 values (less th
RANYo s than 0.01 g/I) were

|

immunoelectrophoresis and immuno-
electrophoresis of Cohn Fraction 11 20 g/1) {A) and
WHO pool 67/97 (B) against antt 1gG2 anuserum.
Anode 1s upwards and to the left.

Fig 3 Crossed

112

A
B '('

Fig 4. Crossed immunoelectrophoresis and immuno-
electrophoresis of Cohn Fracuon 110 g/l (A) and
WHO pool 67/97 (B) against anti 1gG3 anuserum
Anode 1s upwards and to the left.

standard pool and individual sera gave 2 precipita:
tion pattern both anodal and cathodal to the
application hole. An antiserum raised by only on¢
1gG2 myeloma protein sometimes gave incomplete
open« precipitation lines with some serum samp-
les. Therefore antiserum prepared from w0 or
more 1gG2 myeloma proteins of different electrop-
horetic mobility was used. The amount of 1gG2 in
Cohn Fraction [ (10 g/1) was about 50 per cent of
that in the WHO pool (Table 1). The anodal part of
Cohn Fraction 11 was refavely smaller than that of
the WHO pool (Fig 3, Fig. 8) The mean value.
standard deviatton and range of samples from 20
blood donors are given in Table 1 There was good
agreement between the 1gG2 vatues found with the
electroimmunoassay and with the single radial
immunodiffusion (r = 0.97).



1563 The 1gG3 of the standard serum pool, Co‘hc:
Fracuon 1! and indwvidual sera were s;:u: 4
athodally in the crossed imrqunocleclrop u(rrgx

pattern{Fig 4}and in the :lmroxmmunmmé (u;)
9) Sera from indiniduals homozygous to mh

gave a precipitauon hne which spread o\e; llc
whole cathodal area. while <«era from m.dm ualy
lacking Gm(5) showed only a short _pr:apnmc n
the cathodal area (Fig. 5. Fig. 9 Indnviduals Lukmsr
Gm(S) showed low concentrations The amount of

1gG3 1n Cohn Fraction {f (10 /1) was about the
same as that of the WHO pool. The mmn‘\alu.c.
standard deviation and range of 1gGJ are given in
Table 1. The correlation coefTicient berween values
determuned by electrommunoassay and  single
rada) immunodiffusion was 0 93.

Fig 5 Crossed immunoelectrophoresss and mmuno.
electrophoresis of one homozygous Gm(-5) secum (£)
a0d one homozygous Gm(5) serum (F) against ant 1gG 3
anuserum Anode 1s upwards and 1o the left.

Fig 6 Crossed immunoelectrophorests and immuno-
electrophorests of Cohn Fraction 11 (20 g/1 (A} and
WHO pool 67/97 (B) agun anu 1564 anmerum
Anode 15 upw ards and 1o the left.

IgG4 The 18G4 of the standard serum pool, Cohn
Fraction [l and individual sera were situated mainly
anodally in crossed immunoelectrophoresis (Fig 6}
and electrommunoassay (Fig. 10). 1n Cohn Frac-
tion 11(10 g/1) 10 per cent of that in the WHO pool
was found (Fig 6, Fig. 10) The mean value and
range for 20 blood donors are given in Table 1. The
concentrations ranged from not detectable with this
method to relatively high values, There was good
agreement with the values found with the electroim-
munoassay and the sin,

gle radial immunodiffusion
technique (r = 0.99)

Double determinauon of 20 sera was carned out
10 assess the reproducibiity of the method. The
determmations were made on different plates 10
assess the mterplate vaiation. The “ariation coeffi-

cients of the interplate determinations were 3.4%

1n3



TABLE 2. IgG Subclass Levels in g/l in 20 Healthy

Adults
1gG! 15G2 1sG3 18G42)
Mean 7.55 3.80 0.72 0.54v)
SD. 252 1.53 0.27

Range 4.22-12.92 1.17-7.46 0 41-1.28 <0.01-2.65

3) Amounts less than 0.01 g/! regarded as 0.005 g/1
) Non-detectable 1gG4 values (less than 0,01 g/1) were
found in 25%.

bt e OO
B t

oelectrophoresis and 1mmuno-
Fraction 11 (20 g/D) (A) and
15G2 antiserum.

Fig. 3. Crossed immun
electrophoresis of Cohn
WHO pool 67/97 (B) against antt
Anode is upwards and to the left.

12

p—

B - .1
S trea
A o
b PR,
B “
' 10
and mmmuno-

Fig. 4. Crossed smmunoelectrophoresis
electrophoresis of Cohn Fraction 11 (20 g/D (A) and
WHO pool 67/97 (B) agamst antt 1gG3 antserum
Anode 1s upwards and to the left.

standard pool and individual sera gave 3 precipitd-
tion pattern both anodal and cathodal to the
application hole. An antiserum raised by only on¢
1gG2 myeloma protein someumes gave ncomplete
wopen« precipitation lines with some serum samp
les. Therefore anuserum prepared from two Ol
more IgG2 myeloma protens of different electrop
horetic mobility was used The amount of IgG2 ir
Cohn Fraction I1 (10 g/1) was about 50 per cent ©
that in the WHO poo! (Table 1). The anodal part ©
Cohn Fraction 11 was relatvely smaller than thato
the WHO pool (Fig 3, Fig 8). The mean value
standard deviation and range of samples from A
blood donors are given i Table 1. There was goo
agreement between the 1gG2 values found with th
electroimmunoassay and with the single radia
immunodiffusion (r = 0.97).



DISCUSSION

The clectroimmuncassay was found to be most
convenient for quantitation of human 1gG subclas+
ses This method uttlizes the dafferences in electrop-
foretc mobility of the 1gG subclasses in asays
using agarose gel, barbial buffer pHl 86 with
Ca~ - the 1gG1 and 15G2 molecules migrated o
both the 2n0de and the cathode The 1gG3 molecules
mgrated only to the cathode and the 15G4
molecules only to the anode  Also antisera contai-
tng anubodies to more than one 128G subclass could
be used in this method For an antmerum with
speaficnty of both 1¢G3 and 1¢G4 could be used in
measuning the anodal preciprate as IgG4 and the
cathodal precipitate as 13G3

The mean. S D and normal range of 1gG1. [5G2.
1263 and 1gG4 were generally 1n agreement with
the results reported by other authors (Steinberg ¢t
af 1973) For 1gG4 which 1s the smallest of the [gG
subglasses the range of the values found was wider
than for the other IgGsubclasses In S out of 20 sera
15G4 was not detected (< 001 g/D) studied wuth
this method

Sera from 1ndiniduals homozygous for Gmi5)
showed fong distinct precipitates 1n electroimmuno-
assay, while sera from individuals lacking Gmt5)
showed shon precipuates 1t confirmed earlier
findings that Gm(5.5) sera have the highest 1gG3
concentrations (Yount er @l 1967) Gm(l.1) and
Gm{4.4) sera also represenung ifferem allelles on
the other hand showed IgG| precipiates that
distended over the same electrophoretic area and
showed roughly the same concentravons of 1gGl
Electro:mmunoassay and crossed smmunoelectrop-
horests were useful methods to evaluate the
ocondwons of the [gG sutclass anusera (Grubb
1972) Sometmes ndividual sera gave incomplete,
diffuse or thin precipitates with some antisera in
electroimmunoassay and crossed

1thank Mrs Ann-Margreth Cartyson for stilful techrixcal
assntance
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Fig. 7. Q

WHO poot 67/97 1:10(6), 1: 20(7), 1:40(8).
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Fig 9 Quantitation of [gG3 by electrormmunoassay of
Gm(~5,5) serum 1.2(1), Gmf5,5) serum 1:2(2), Cohn
Fraction 1 (20 g/1) 1.2(3), | 4(4), 1:8(5) and the WHO
pool 67/97 1:2(6), 1 4(7), 1 8(8)

for 1gGl, 5.5% for 1gG2, 5.1% for 18G3 and
1.5% for IgG4. Storage of serum at room
temperature for 1, 3 and S days and repeated

114

of 1gG1 in i of
Gm(1, 1) serum 1:10 (1), Gm(4,4} serum 1:10(2), Cohn
Fraction II (20 g/1) 1:10(3), 1:20(4), 1.40(5) and the

Fig. 8. Q of 1gG2 in i of
Cohn Fraction I1(20 g/1) 1.8(1), 1.16(2), 1:32(3)and the
WHO pool 67/97 1:8(4), 1 16(5), 1:32(6)

&
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Fig 10. Qx of 1gG4 by y of
Cohn Fraction 11 (20 g/D) | 2(1), 1 4(2), 1 §(3) and the
WHO pool 67/97 1 2(4), | 4(5), 1 8(6)

freezing and thawing of sera up to five times before
analysis did not apprecmably affect the results of
quantitation of any of the IgG subclasses tested.



DISCUSSION

The clectroimmuncassay was found to be most
comentent for quantiation of human 1gG subclas-
ses. This method utilizes the differences in elecirop-
Yoreuc mobrlity of the 1¢G subclasses In assays
using agaroe gel. barbital bulfer pHl 86 with
Ca- - the IgGl and 1gG2 molecules migrated 10
both the 2nodz 2nd the cathode The 15G3 molecules
migrated only to the cathode and the 18G4
motecules only to the anode Also antisera contas-
ung antibodes ta more than one 18G subclass could
be used in thiy method For an aninerum with
specificty of both 18G3 and 15G4 could be used 10
measyting the anodal precipitate as [5G4 and the
cathodal precipiiate as 15G3

Themean.S D and normal range of IgG1.1gG2.
1§63 and 1gG4 were generally 1n agreement with
the results reported by other authors {Stemberg et
al 1973) For 12G4 which s the smallest of the 1eG
subclasses the range of the values found was wider
than for the other IgGsubclasses. In § out of 20 sera
1G4 was not detected (< 00} g/1) studicd with

tus

Se‘;ﬂl"lr%dm indniduals homozygous for Gmis)
showed fong disunct precipitates 10 electrommuno-
assay, while sera from individuals laching Gmi$)
showed short precipriates 1t confirmed earbier
findings that Gm(5,5) sera have the highest 1gG3
concentrations {Yount et al 1967) Gmil.1) and
Gm {3,4) sera also representing differem allelies on
the other hand showed IgGl precipiates that
distended over the same electrophoreuc area and
showed roughly the same concentranions of 13G1
E and crossed
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IN VITRO LOCOMOTION OF HUMAN LEUKOCYTES
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in Millipore Filiers ai Different Incubation

Times
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Schremer A In vitro locomoton of human leukocytes P

n
eullipore filters at dafferent incubation tmes  Acta path microbiol scand Seat C, 84 117-121, 1978

The dustribuuon of leukocytes 1n Boyden muttipore filiers afier sumulation wath casen was determined
afier 30 and 180 mun by the use of a photographic method Afier 30 min the distribution was
characterzed by a second degree cunve with a falling slope and after 180 mun by a hincar cunve with a
nsing slope The results showed that with most of the modifications of the Boyden method in ine at
present. the choice of mcubation time s crucial for the evatuaton of counung resuls

Key words Chemotauis measurement of. leukocytes, human. lxomoton
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Boyden's filter techmque (Bovden 1962) stll
seems 1o be the most auracuve for measuring
chemotanss The greatest advantage of this method
hes in s simplienty and n the possithity to change
«li media and concentrauon gradients at will
However, satistical studies of the reproductbility
are sull scamty Determination of chemotactic
Tesponse using the mallipore filter method 1s made
according to at least three principles One possibality
1S to count the cells that have passed the enure depth
of the filter after a gnen tme (Distal surface
oounung, Boyden 1962, double filter techruques,
Keller & al 1972, Gallin & af 1973) Another
method impties counting of cells that are present at
A given ttme at a given Jevel.re mma grven section
Within the filter {In-filter counting, Zigmond &
Hirsch 1973 Wilkmson 1974) Finally. the distance
uavelled by the fastest moving cells may be
measured (Leading front method, Zigmond &
Hursch 1973, Witkinson 1974)

All these methods offer partial information on
the Janetics of a cell population, the mformation
being obviously time-dependent To mvestigate this
influence of incubation tme, the leukocyte distribu-
ton 1n Boyden filters after chemotactic sumulation

with casemn was determined by in-filter counting
after two different perods of incubation To sene

this purpose. a photographic cell-counting method
was developed

MATERIALS AND METHODS

All glassware was siliconzed Micropipettes and vialy
were washed with ethano! and nnwd with Lpwater
Chemical solutions Devtran T S00 was purchased from
Pharmacia Fine Chemical, Uppsala. Sweden, Heparin
300 1u per ml from A/S Apothekernes Laboratorium,
Oslo. Norway and Casein Hammarsten from Merck,
Darmsiadt, West Germany All reagents were ansyucal
grade

Isolation of lewhocs tes. Each mi
per ml) blood was mixed w
Dextran T 500 and the b
1n plastic tubes for 45

1 of heparinszed (10 4y
102 mi 45 wivper cent
lood cells were allawed to setile

eel's pet ml and the pH to 7 4 The §
Sobepe mla e ¢ leukocy te suspension



Chemotaxis. Modified Boyden chambers from Neu-
roprobe, Bethesda, Maryland, U.S.A., and nitroceltulose
filters from Mullipore Filter Corp., Bedford, Massachu-
setts, U.S.A. (SSWPO 1300 lot 129281) with a pore size
of 3 pm, were used in all experiments Leukocytes were
applied to the filters by centrifugation of 0.4 ml cell
suspension in a Shandon Elliot cytocentrifuge at S00 X g
for 3 min. Each filter was rapidly transferred fo a
chamber, the lower compartment of which had been
filled with a mixture of 80 per cent saturated casein in
Hanks® solution {appr. 4 mg per ml) and 20 per cent
pooled, heat activated (37° C for 15 min) human serum
The upper compartment was filled with 2 per cent
human serum albumin in Hanks' solution, and the
chambers were incubated at 37° C at 100 per cent relat-
ve moisture. After the incubation period (vide mfra), the
filters were carefully transferred to a staining rack, fixed
in a mixture of 10 per cent methanol in absolute ethanol,
dehydrated in increasing concentrations of ethanol,
stained with haematoxylin, made optically homogenous
with xylene and mounted on glass slides

Photographic procedure. Cells that had migrated into
the filters were photographed at different levels within
the filters by means of a Leitz Orthomat-W fully
automatic photomicroscope, on which the distance
between two divisions on the micrometer screw corre-
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CELLS PER FIELD
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Fig 1 Aand t
A 30 min incubation, B 180 mm incubation

B Individual cell counts at various depths 1n mitlipore filters after ch

sponds to appr. ! pm in focal depth A high contras
lithographic film — Kodalith Ortho. Kodak Company «
was found to be the most suitable The best results wes
achieved when the film was exposed as 1f 1t had af
optical sensitivity of 6 Din (3 ASA). Correction of thi
light source became optimal by the inclusion of a greet
filter. The films were developed as prescribed by tht
manufacturer, projected on paper and counted with af
automatically recording marker pencil.

Experimental design Blood leukocytes were isolated
from five healthy staff members on five occasions f
two experiments, six filters were prepared as described
and incubated for 30 min. In another two expenments.
eight filters were prepared and incubated for 180 mm I
one experiment, 14 filters were prepared, six of whi
were incubated for 30 min and the remaining eight fof
180 min. Within each filter four randomly selected fields
were photographed (magnification 25 x 3 2x [0)ateach
of seven levels, beginning 25 pm from the cell-starung
side and advancing in steps of 15 pm (Fig 1, 2 and 3
Cells on the cell-starung side and or the distal surface o
the filter were counted photographically once on exct
filter, except for one experiment m which only one counf
was obtainable In the 180 min expenments. ‘diect
differential counts of cells on the distal surface of ¢
filter were made, once for each filter.
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emotactic stimulation with cascit
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Fig 2 Mean leuhocy te counts 2 ST at vanous depths tn mtlipore filters after chemotscue sumulauon with caan

20d 30 min incubatron Counts from the cell-sarting side ate indicated at disance zro, and

cunts from the dital

surface at distance 130 pm (mean & range) Data from three experiments

RESULTS

Figure 1 shows plots of individual cell counts
agamnst the corresponding distance from the cell-
starung side i two randomly selected experiments,
after incubatson for 30 min (Fig | A)and after 180
mn (Fig 1 B Mean counts across all ilters are
glotted for each of three experiments from the 30
min group in Fig 2 and from the 180 mun group in
Fig 3 More than 95 per cent of cells that had
reached the distat surface of filters were granulocy-
es

Statistics

1o the 30 mun expersments. the standard devia-
tion (SD} for counts from different fields on the
same level m each filter decreased monotonically
from 218 a1 25 pm to 2 7 at 115 pm which equalled
66 10 4 per cent of the corresponding level mean
The same monotomc decrease was found for the
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Fig 3 Mean Jeukocyte counts = SEM at various depths i mully
and 180 min incubation Counts from the cel-starting side are
surface at distance 130 pm (mean & range) Data from thres

standard error of the mean {SEM) across all filters
for each level (Fig. 2} In the 180 mun expeniments,
SD ranged from 13812 0 5 (108 10 2 por eent of the
fevel mean) with a tendency toward increasing
spread with increaming distance from the celle
starting side (Fig. 3) In both groups. the data from
mdividual filters in cach expeniment were more
homogeneous than the data across all filters The
mean cell-count distribution i each of the 30 min
experiments (Fig. 2) was well described by a second
degree polynomial {Revidual Square Mean 10015,
4692 and 10669)3)

There was no sigmficant differences between the
regression coefficients of intercepts {p>>0 07)*, but
a close correlation was found between intercepts
and corresponding regression coefficients (R = -
09879)9). In the 180 min experiments. each mean
cell-count distribution (Fig. 3) came close 10 a hinear
function (p<<0 001)¢) The regression coeffictents
were all positine. There was no significant diffe-
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pore filters afier chemotacuc stmulation with casern

wdicated at distance zero, and counts from the distal
expenments,
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Chemotaxis Modified Boyden chambers from New-  sponds to appr. 1 pm in focal depth A high contrx
roprobe, Bethesda, Maryland, U.S A., and nitrocellulose  lithographic film — Kodalith Ortho, Kodak Company
filters from Millipore Filter Corp , Bedford, Massachu-  was found to be the most suitable The best results we
setts, US A. (SSWPQ 1300 Jot 129281) witha pore size  achieved when the film was exposed as 1f it had ;
of 3 pm, were used in all experiments. Leukocytes were  optical sensitivity of 6 Din (3 ASA) Correction of {
applied to the filters by centrifugation of 0.4 ml cell  light source became optimal by the inclusion of a grs
suspension 10 a Shandon Elliot cytocentrifuge at SO0 X g filter. The films were developed as prescribed by 1
for 3 min Each filter was rapidly transferred 0 a  manufacturer, projected on paper and counted With :
chamber, the lower compartment of which had been automatically recording marker pencil
fitled with a mixture of 80 per cent saturated casein in Experimental design. Blood lenkocytes were isolat
Hanks® solution (appr. 4 mg per ml) and 20 per cent  from five healthy staff members on five occasions.
pooled, heat activated (37° C for 15 min) human serum  two experiments, six filters were prepared as desenb
The upper compartment was filled with 2 per cent and incubated for 30 nun In another tho expenmen
human serum albumin in Hanks' solution, and the eight filters were prepared and incubated for 180 min
chambers were incubated at 37° C at 100 per cent relati-  one experiment, 14 filters were prepared, six Uf whi
ve moisture. After the incubation period (vide infra), the  were mcubated for 30 min and the remaimng eight {
filters were carefully transferred to a staining rack, fixed 180 min. Within each filter four randomly selected fie
in a mixture of 10 per cent methanol in absolute ethanol,  were photographed (magnification 25 x 3 2x 10)ates

in i of ethanol, of seven levels, beginmng 25 pm from l‘he eell-stary
stained with haematoxylin, made opticaily h side and ing in steps of 15 pm (Fig. 1, Zafnd-
with xylene and mounted on glass stides. Cells on the cell-starting side and on the dutal surface

Photographic procedure. Cells that had mugrated into  the filter were counted photographically once on €
the filters were photographed at different levels within  filter, except for one experiment in which only on{mu
the filters by means of a Leitz Orthomat-W fully was obtainable In the 180 min sxpenmems, din
automatic photomicroscope, on which the distance differential couats of cells on the dista) surface of
between two divistons on the micrometer screw corre-  filter were made, once for each filier

1580] .
1450 A
13501 +
1250 5001 .
1507 i B
10501 - 00|
9501 - :
8501 | 300]
st . 200
700
3 9160
o sooi N g
o H:JMO
& o
£ o0 : v 120]
! ]
] . g
O 400 . 100 . x )
: 80 : i
300 N : ; :
v . ) :
| P i
- l ' i “© ! i
! . : P R
100 oLt i : 20 N ' ! v
-t I ] ]
; 0o 115 & 1 25 40 55 70 85 00 M5
Sio B 0 o T wmma MICROMETERS FROM CELL-STARTING SIDE

MICROMETERS FROM CELL-SBRTING SIDE

. . th caser
various depths in millipore filters alter chemotactic sumulation with case!
and B Indiv: cell counts at varx p
Fig 1 A and B Indyvidual cell

A 30 min incubation, B 180 min incubation.

110



the study of the kinetics of whole cell populations,
which appear to be an important hass of the
counting methods 1n use at present.

The skilled techmcal assastance by Mrs Eha dshelund v
gratcfully acknowlcdged T am abo indetied 1o Rohv
Stjamen M S for statstcal guidance and performance of
stasuical analyses
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rence between intercepts or regression coefficients
(p>0.18) %) and no correlation between intercepts
and corresponding regression coefficients in this
group (R = 0.1953)<).

4) Biomedical computer programs BMDPSR. Health
sciences computing facility. Department of Biomathe-
matics, School of Medicine, Los Angeles, U.S.A.

b) Kruskal-Wallis H-test

<) Pearson correlation coefficient

) Student t-test

DISCUSSION

If cells which have migrated through the entire
depth of Boyden filters accumulate on the distal
surface, counting of these cells is actually a velocity
measurement of the fastest moving fraction of the
cell population. The same considerations can be
made for double-filter techniques in which the
migration is either stopped by a second small pore-
size filter and the cells that have accumulated
between the filters are counted, or the leading
portion of cells is allowed to enter a second filter of
equal pore size to be counted there, visually or by
radio-assay. Finally, the leading front method is
nothing but a velocity measurement of the fastest
moving two (three) cells. A condition for the
validity of such countings is the existence of a
uniformity in the kinetics of whole cell populations
when they are exposed to an excitant. Zigmond &
Hirsch (1973) found such uniformity in random
migration of horse granulocytes. They also found
the distance travelled by the leading front to be a
valid index for the behaviour of the total cell
population. Recently, Swanson & Becker (1976)
found a uniformity in migration of human neutrop-
hils by the use of a chemotactic factor. However, by
adding p-nitrophenyl-4-chlorobutyl phosphonate to
the cell-side compartment, these investigators found
the expected inhibition of migration by counting the
total number of stimulated cells, whereas they
found enhancement by use of the leading front
method. The present results obtamned with casein as
attractant also showed a umformuty in the distribu-
tion of human granulocytes within millipore filters

However, the exponential type of distribution after
30 mun incubation (Fig 2) and the linear type after
180 mun (Fig 3) appear to represent only fractions

of the kinetic picture representative of the total cell

population. In these experiments, in-filter counting

at a distance of. for example, 50 pm from the f:ell-

starting side of the filters, would have given

approximately the same result after incubation f9r

30 and 180 mun. A positional change of the plane in

which counts are made, for example from 50 to 100

120

pm, is analogous to a small reduction in incubatiog
time at an unchanged counting level. In the presay;
experiments, such a change would have resulted i
considerable decrease in cell count after incubauop
for 30 min, whereas a similar change after 180 min
would have caused a slight increase in the coun
Because increasing chemotactic activity accelerates
migrating leukocytes (Witkinson 1974), use of 3
weaker attractant in these experiments would have
made the cell distribution curves appear further 1o
the left in the diagrams. Therefore, a weaker
attractant would have yielded lower counts after
incubation for 30 min, whereas higher couns
would have been the result after 180 min Although
easier to count and less subjective than direct
counting under the microscope, the photographi-
cally obtained counts showed only a moderate filter-
to-filter reproducibility. In the 30 min experiments,
the close correlation found between the regression
curve intercepts, which represent the regressive cefl-
count at distance zero, and the corresponding
regression coefficient, indicates that in these exper
ments the cell load 1s important for the distribution
of cells within the filter Therefore, the considerable
variations in cell load on the starting side of filters
(Fig. 2) may be partially responsible for the
variation 1n in-filter counts from filter to ﬁ]ter: The
reason why no correlation existed belweep mle'r-
cepts and corr ding r i it n
the 180 min experiments remains unclear. The
finding that in each experiment the interoept of
regression curves was below the corresponding cell-
count on the starting side of the filter indicates that
only a fraction of the cell population — evidently the
granulocytes — particpate in migration. The _ooums
on the distal surface of filters in 30 min experiments
(Fig. 2) were in accordance with extrapolated values
from the regression curves. However, n 180 min
experiments distal surface counts showed great
variations (Fig. 3). Therefore, in the long incubation
experiments, counting on the distal surfaoe‘“'olﬂd
have given no relevant informatton Comparison of
mntercepts and regresston coefficients for regression
curves 1n each group of experuments indicated no
sigmificant difference from person to person- ﬂ“r
present results show the great mportanc® °v
choosing the suitable incubation time when Boy-
den’s technique 1s used in any modification They
also show that the counts are dependent on the cell
load, and that distal surface counting 15 useless
when long periods of incubation are used (('224 3
hours). The reproducibiity might be improved if the
difference in cell foad from filter to filter could be
reduced. The n-filler method, modified by the
hi hni d, 1s vatuable for
measuring chemotaxis. [t may also prove useful for




Acta path mucrobiod scand. Sect. €, 86~ 123-129, 1978
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Crossed immunoelectrophoresis was used to study precipitating antibodies against Nerssersa menungrisdrs
1n sera from 214 normal persons and i human A poly<p < anbigen
preparation and a corresponding rabbit antiserum constituted the reference system Al the sera
contained one o five precipstins aglinst N menngndis which could be sdentificd and quantified by
means of the reference system The precipitn scofe. which expresses the number and titre of preapiuns
m each serum. increased with age More than 25 preapitins were found 1n the gammaglobulin
preparauon ncluding anubodies against the groupsp po A.Band C Aborp of
three of the five normaily occurring precipiuns (nos 4. 19, 22) with antigens from vanous bactera
showed that precipstins nos 4 and 19 could be completely absorbed by antugens from other Nersseria
species, but not by antigens from other geaera This indicates that these (wo precipiins may have been
mduced by non-pathogenic Nessseria species o by memngococtt The finding of protectne anubodies in

g2mmaglobulin mught indicate the possibility of 11s use 1n prophyl or therapy against
mfections
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A polyspecific antibody response to Neisseria
meningritdis has been shown in serum from patients
with meningococeal infection (11), However, pati-
ents with meningitis of other aetiology also had
anubodies agaimst memngocoest {4 1) Thrs rawses the
Question as to whether even normal persons have

0

acteria.

MATERIALS AND METHODS

serum from normal persons, and 1o evalume
whether such antibodics might be induced by other

either spx Y

Or cross-reactive, which have been induced by other
bacteria, since N memngitidis is known to share
Cross-reactive antigens with a large number of other
bacterial speces (12).

The atm of thus study was to deternine, by means
of sensitive crossed immunoelectrophorette met-
bods, the occurence, specficities and utres of

g antibodies against N. ited

in

Normal sera Sera from 214 normal persons without
known mfecious of tmmunological disorders were
examined None of the persons had 2 known history of
menmingocaccal wafection The matena) comprised 12
newborns {cord blood), 44 children examined in
connection wath parenthood questions, 29 children from
a pacdiateic ward hosputalized for rocturnal enuresis,
epilepsy, congenital heart disorders, adiposity or socul
reasons, 32 persons from the laboratory and hospiay
stalland therr relatives, 65 blood donors, and 32 Der:cns






TABLE { Auméer and Fercentage of Normat Persons

otk Newserst memngidis Preceprtins Moy 19,
Dystrituted According

22 ond S8
1o Titre Class

No Tare V-3 Ture 46 Tire 19

Prespin PN Y Namber ) Nemwr () Nember ()
epruts )

6 16 s )
‘ 0 155 O
- !’9 7 (813 168 a9 ¥ us g
Z\\'B ;é 30 AT 10t “n L] un
Yo

iin Score

(Arbitegry Uaits)

Ageunvears NB' Yi-% -2 319 20-39 20-59 6079 80-93
NootPesns 12 25 22 28 %2 M 27 W
* Newborns

Fig 2 Mean precipiua score within the given age groups
= 1 SD The precipitin score expresses both number of

precipins and their utres

The number of precspins per serum ranged from !
10 5 {meant 3 2} In Table i. which shows the utres
of the thres most prevalent precipiuns. 1t can be seen
that precipitins agaimnst antigen na 19 ace present in
100%. agamnstno 2210 97% and agamstno 55 1n
86% of the sera Precipiuns against antigens nos 4
and 48 were found 1n 5% and 15% of the sera.
respectively A few other sera (1 2% showed
addisonal precipins whuch, however, could not be
1denufied with certainly 1n the reference pariern

A precipitin score was calculated {or each serum.
and the distrsbution according to age is shown in
Fig 2 The lowest score was found 21 the age of 36
emonths, after which 1t increased with age 10 twice as
tugh values 1 the oldest persons As regards the
number of precipitins, the age varation was less

obvious {mean 32 precipiins per person, range
RS ¥AY

Gammaglobulin

The pooled plasma from which the gammagtobu-
lin was prepared showed precipitin scores stmitar (o
those of normal serum  Howeuer, as shown w Fig
3, when the concentrated gammagiobufin was
neorporated in the intermediate gel in the reference
sysiem, at least 25 precipiuns were found, snciuding
nos 2 and 7 directed against the group-specific

ides A and C, Antibod;

against the group-specific polysaccharide B could
also be demonstrated m gammaglobuhn when
group B antiserum was used in the reference gel
(Fig. 4). Only munor quanutative dyfTerences bet-
ween the nine gammaglobulin batches were found,

Absorption Experiments
When the meningococcal Ref-ag was run against
gammagiobulin mcorporated in the reference gel(a

1



from an old peoples” home. Some of the sera had been
used in a previous study (14).

Gammaglobulin Nine batches of 10% human gam-
maglobulin produced according to Deutsch ef al. (4), as
well as their corresponding plasma pools, were studied,
The gammaglobulin batches are included in the commer-

ning the electrophoresis have been described elew ben
(12, 13,17,

The degree of absorption of N, meningindis antubodye
was esuimated by comparison of the area included b
precipitate after absorption with areas of this precipityy
on four standard plates with decreasing amounts
in in the reference ge! (100%, 75%, 304

cial gammaglobulin from Statens Ser Copen-
hagen. Each batch originates from serum from at Jeast
2000 normal subjects.

Immunoelecirophoretic Methods

Crossed immunoelectrophoresis with intermediate gel
was used to detect human antibodies against meningo-
cocet and was performed as described previously (11).
Briefly, 2 ul N meningitidis antigen (Ref-ag) was run
against 75 pi of the corresponding rabbit antiserum (Ref-
ab)in 1.875 ml gel (5 pt/cm? on 5X 5 cm glass plates
The Ref-ab contains 63 precipitins against Ref-ag,
including those against the group-specific polysacchari-
des A and C, but not including precipitins against the
group-specific potysaccharide B (11). An intermediate gel
with 200 pl saline, normal serum or plasma pools in 0 8
ml gel (33.3 pl/cm2) was interposed between first and
second dimension runs.

5x 7 cm glass plates were used for the gammaglobu-
lin 1 ml gammaglobulin was incorporated 1n 1 15 ml
intermediate gel (62 5 pl/cm2). The reference gel was
composed of either 100 pl Ref-ab in 0.9 ml gel {10 pul/
cm?) or 400 pl meningococeal group B antserum (11) in
06 ml gel (40 pt/cm?). Since the high concentration of
gammaglobulin in the mtermediate gel caused a certain
amount of unspeafic background staining. and as the
electro-endosmotic properties of the gel tended to make
the reference pattern move mto the intermediate gel, an
»empty« gel, with saline was always interposed between
the reference gel and the intermediate gel

The human precipitins were 1dentified 1n relation to
the xefs system 2) O of antihodies 10
the human sera was carried out by comparison of the
area included by each precipitate 1n the mtermediate gel
contatning human serum with the corresponding areas in
eleven standard plates with dilutions of Ref-ab in the
intermidiate gel (11). The titres of the human precipiins
were then expressed 1n relation to the concentrations of
Ref-ab in the standard plates {utre 1-12) {20} The
precipitin score for each serum was calculated according
to Axelsen et al (3)., as described previously (11). The
precipitin score includes both the number of precipins
and the utres of each of the precipitins

Crossed-lie 1mmunoelectrophorests was used for
absorptton of antibodies in siru experiments (18). 400 pt
gammaglobulin was used in the 1.5 mi reference gel
26 7 pl/em?) The anugen concentration 1a the interme-
drate gel was 33 3 pl/cm2 Antigens from the following
bacteria were ncluded (see Table 2). FPseudomonas
aeruginosa (16). Bordetella pertussis (10), Eschenichia
coli, Klebsiella preumomae type 35. Staphy lococcus
aureus, Streptococcus pneumoniae, Slrcplacqccus'ﬂ"ﬂxf‘
nes group A, Branhamella catarrhalis, Neisseria sub-
flava, Neisseria sicca and Neisseria perfima. Thf
preparation of the antigens and technical details concer:
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and 25%) In this way, the degree of cross-reaction cr
be expressed as 0%, 25-50%, 50~75%, 75-100% an
100%, respectively. Absorption of less than 25% n
considered to be msignificant, due 1o the analyy
variation of the present method (15}

RESULTS

Normal Sera
All normal sera contained precipitins against &
meniagitidis, an example of which is given in Fig 1,

Fig 1. Crossed immunoelectrophoresis of Neisserd
meningitidis antigens (Ref-ag) aganst a corresponding
anuserum (Ref-ab) with intermediate gel coniwing
saline (A) or normal serum (B) The three precipiates
usually found 1n normal serum are indicated by arroRs
and numbers. (Technical. anode to the right in the fint
dimension and at the top n the second dumension
Starning: Coomassie britliant blue }




TABLE | Sumber and Percontage of Normat Fenons with

(]
Newwerts mencagindes Freclprtns Sas 19, 22 and 55

Destnbuted Accordine 1 Titre Cluss

No Tutee 1-3 Ture -6 Tare 79
- AN Number ()
2 N i T Number (%) Sumber (%) urnl
reapiuns h
)
[ 153 ay s6 06 so [E3)
gt 7 5} 68 09 39 :I;: o
:0 2 o an 0 HD 9 3
No
)
Sz
@S0
£z
]
a =
S 3
2
[
5
Agenvears NB® Yo% %2-2 3-19 20-39 40-5% 60-79 £0-33
Noof Persons 12 25 22 28 52 30 27 1B
* Newborns
Fig 7 Mean precipitin score within the grven age groups
£ | SD The precipiun score expresses both number of
precipiuns and sheir tires
The number of Precipitins per serum ranged from | Gammaglobulin

105 {mean 32) In Table 1, which shows the ttres
of the three most prevalent precapitins, 1 can be seeq
that precipiting agamnst antigen no 19 are present 1n
100%  against no 22 1 97% and aganstno 55n
86% of the sera Precipitins against antigens nos 4
and 48 were found 1 5% and 15% of the sera,
Spectively A few other sera (12% showed
additional precipitins Which, however, could not be
1denufied with certamnty i the reference pattern

A precipitin score was calcutated for each serum,
and the distribution according to age 15 shown m;n
Fig 2 The lowest score was found at the age of 36
Months, after which 1t increased with age 1o twice as

igh values m the ofdest persons  As regards the
Rumber of precipitins, the age vanation was less

Obvious (mean 1.2 precipins per person, range
26-36)

The pooled plasma from w hich the gammaglobu-
Tin was prepared showed Precipitin scores simular (o
those of normal serum However, as shown in Fig
3, when the concentrated gammaglobulin  was
incorporated m the intermeduate gel 1n the reference
System. at least 25 precspitins were found, nciuding
nos. 2 and 7 directed 28NSt the group-specific
polysaccharides A and C, Tespectively. Antibodies
against the Broup-specific polysaccharide B could
also be demonstrated 1n gammaglobulin when
group B antserum was used 10 the reference gel
(Fig 4) Only minor Quantitative differences per.
‘ween the nine gamaglobufin batches were found,

Absorpuon Experimenys
When the meningococeaf

! Ref-ag was run against
gammaglobulin 1NCOrporat;

od 10 the reference gef (3



A - .
B Ref-gel

Fig 3. i i isseri " y .
g 3. Crossed of N antigens (Ref-ag) agamnst a corresponding antiservm

(_Rlef-al;)d in lhe}r(efcrmw gel (Reﬁggl) The second intermediate gel (Im-gel 2) contains saline. A: saline 1n the first
$ ermeduate gel {Im-gel 1); the meningococcal reference pattern can be seen, B. 10% concentrated gammaglobulin in

e.ﬁfﬂ intermediate gel. At least 25 precipitates have been pulled down, thus indicating the presence of anubodies
against the corresponding antigens in the gammaglobulin preparation. (Technical: see Fig. 1.}

.- . im-:gel 2 a

im~gel 1 LS, ‘

lem

Ut fe w

Fig 4 Crossed of Neisseria ftidis antigens (Ref-ag) against a N. meningitidrs group .
antiserum 1n the reference gel (Ref-gel) The second intermediate gel (Im-gel 2) contains saline A. saline in the firs
i 1s indicated b;

intermediate gel (Im-gel 1). The precipitate cor tothe group B p 3
an arrow It can be seen that the group B anuserum also contains other meningococcat precipitins. B. N, meningitids

antiserum (Ref-ab) 1n the first intermediate gel The Ref-ab contains precipitins against the antigens in the Ref-2f
except the group B polysaccharide (11}, and thus all precipitates are pulled down except that corresponding to group E
polysacchande. C. 10% human gammaglobulin in the first intermediate gel. The precipitate corresponding to group B
polysaccharide has been pulled dows, thus indicating the presence of antibodjes against this antigen in the

gammaglobulin preparation (Technical. see Fig. 1.}

126



fe in
isser: Nos 4, 19, 22} Regularly Demonstral!
Neisseria memngitidis Precipiting (8

TABLE 2 dbserpton of 'h;fz:l’;: Gammaglobulin with Antigens from Other Bacteria

Cross-reactive antibodies and degree of cross-reactvity

100% 100-275%  75-B50%  SO-Z%
Pseudomonas aeruginosa 2 19
4,0 groups 3,5, 6, 11}
Escherichia col 2 19
(2.rough and 021 H2T)
Bordetella pertussis 17 19
(4,51 3803-3825-3843-1860)
Klebsiella preumoniae 19.22
(Lype 35
Staphylococcus aureus n
{4, from each of four phage groups}
2
Streptococcus preumoniae (1)
n

Streptococcus pyogenes {1, group A}
Brankamella catarrhalis 2 19
(2. ATCC 8193 and NCTC 4103)

it tna 4.19.22
Nessseria subfla .19.
N sicea (1. ATCC 9913) 419.22
N perflara (1, ATCC 10555) 419.22

less sensitive technique), only three precipitates
were visible regularly, corresponding to antigens
00s. 4, 19 and 22, whereas four other precipitates
‘were very faint and only visible occasionally (nos. 2,
7,48 and 55)

Antibodies against antigen no. 22 could be
completely absorbed by antigens from all bacteria
examined, except the genus Strepfococcus Antibo-
dies against no. 19 could be absorbed by all gram-
negative bacteria examined, but 100% absorption
could only be effected by antigens from other
Neisseria species, the only species which could also
2bsorb antibodues against antigen no 4 (Table 2)

DISCUSSION

The study of serum shows that practically alf nor-
mal persons examined had antibodies against me-
ningococcal antigens nos, 19,22 and 55, and a few
persons also against antigens nos. 4 and 48,
However, this seems 1o be only the »op of the
1ceberge (1), because when

bulin was examined, at least 25 precipiting were
revealed, most of them low-titred and only detec-
table by means of the sensitive intermediate gel
technique The possibility that the high number of
precipitins in gammaglobulin might originate from
2 few hyperimmune sera is Jess Likely, since such
sera have not been found among the normal sera
eXamined, or among meningococcal convalescent
sera {11).

In a previous study on the occurrence of
antibodies against P. aeruginosa in normal sera,
precipiting against one antigen (ccn'esponding to
meningococcal antigen no. 19 {12)) were found in
only half of the sera and against one other antigen in
4% of the sera (14) The much higher prevalence of
sera with antibodies against some meningococcal
antigens (average 3.2) may be because meningocoe-
cal antigens show 100% Cross-reactivity with most
antigens from other Neisserig species (12} and
because these species are members of the normat
flora. It s possible, therefore, that antibodies against
¥he "‘2‘5"““5‘?“] anﬁggns do not reflect prior

Wi

i, but rather with

1



the cross-reactive Neisseria species. This applies eg.
to antibodies against antigens nos. 4 and §5 which
cross-react with antigens from other Neisserig
species but not with antigens from 21 other
bacterial species (12). The three other antigens, nos.
19, 22 and 48, against which antibodies occur in
normal sera, have been shown previously to cross-
react with many other bacterial genera also (12).

Only 75% of antibodies in gammaglobulin
against meningococcal antigen no. 19 could be
absorbed by other gram-negative genera, e.g. P.
aeruginosa, whereas 100% of normally occurring
antibodies against the same P. aeruginosa antigen
(n0. 10 (12)) could be absorbed by several other
gram-negative bacteria including N. meningitidis.
This indicates that although 75% of the normally
occurring antibodies against antigen no. 19 might
be induced by several other gram-negative bacteria,
the remaining 25% of these antibodies must be in-
duced by bacteria belonging to the Neisseria species.
These results are in accordance with the previous
finding (14) that antibodies against P, aeruginosa
antigen no. 10 were present in only 54 % of normal
sera.

The degree of cross-reaction was 25-50%
between meningococcal antigen no. 22 and the other
gram-negative bacteria employed in this study (12).
This means that only 25-50% of the rabbit
antibodies raised against antigen no. 22 could be
absorbed by antigens from these other bacteria.
Human antibodies against antigen no. 22 in
gammaglobulin could be absorbed completely by
other bacterial genera. The antibodies in gammaglo-
bulin against meningococeal antigen no. 22 are thus
directed against a common antigenic determinant of
this molecule and may be induced by some bacteria
other than Neisseria.

The origin of antibodies against antigen no. 4§,
which was shown previously to cross-react with a
few genera of gram-negative bactersa {12), could not
be elucidated in this study

Antibodies against the group-specific polysaccha-
ndes A, B and C were also detected in human
gammaglobulin preparations. The antibodies aga-
inst polysacchandes A and C were high-titred, in
contrast to the low-titred antibodies against group B
polysacchande. The fact that such antibodies against
the group-specific B polysaccharide could be found
1n gammaglobulin was somewhat surprising. since
this polysacchanide is known to be a poor immuno-
gen (8, 23). It 1s notable, however, that antibodies
against group B polysaccharide were also found in
five out of seven patients infected with group B
meningococc: (11) using the same group B antise-
rum in the reference gel as in this study.

Antibodies against the meningococcal polysacc~
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harides may also be induced by other bacteria, since
some widely occurring bacteria have been found to
possess capsules wWhich cross-react with meningo-
coccal polysaccharides A, B and C. Straing of
Bacillus pumilis have been shown to produce 2
polysaccharide which is antigenically and strycp-
rally related to N. meningitidis group A polysaccha-
ride (19, 21), and the K1 and K92 antigens of £, cofy
have been shown to be antigenically and Structurally
related to N. meningitidis group B and C polysaccha-
rides, respectively (6, 9).

Antibodies against the group-specific polysaucha-
rides A and C are known to confer protection
against infection with the corresponding meningo-
coccal groups (7, 22), and small amounts of
antibodies against group B polysaccharide are
known to add considerably to the i defir
against group B disease in the presence of type-
specific antibodies (5). The clinical implication of
this study may therefore be that gammaglobulin
may prove valuable as prophylaxis or in the thevapy
of meningococcal infections.

NS

Some of the sera were kindly provided by Dr. Peter
Bakgaard, Department of Obstetrics YA, Rigshospitafet,
and Dr. Klavs Henningsen, Department of Serology,
Institute of Forensic Medicine, University of Copenha-
gen. The gammaglobulin preparations and plasma pools
were obtained by courtesy of Dr. Poul Hansen,
Department of Blood Fractionation, Statens Seruminsu-
tut, C and the ji | group B
antiserum by courtesy of Dr. J. B. Robbins, Bureau of
Biologics, FDA, Bethesda, Maryland, U.S.A.

REFERENCES
. Axelsen, N, H.. Analysis of human Candifa

Y P
A model for analysis of complex microbial antigen-
antibody systems. (Thesis). Scand J. Immunol 5+
176-190, 1976.
Axelsen, N. H., Bock, E. & Kroll, J : Companson of
antisera Scand J. Immunol. 2: Suppl. 1, 101-103,
1973.
Axelsen, N. H ., Buckley, H. R.. Drouket, E, Budrye
Jorgensen, E., Hattel, T. & Andersen, P L .-gros%d
immunoelectrophoretic analysis of precipitins 19
Candida albicans in decp Candida infection. P0§‘|-
bilities for standardization in diagnostic Candida
serology. Scand. J Immunol. 4: 217-230, 1975,
Deutsch, H. F, Gosting, L. J, Albert, R. A. &
Williams. J W.: Biophysical studues of blood plasma
proteins. Recovery gamma-globulin from human
blood protein mixtures J. biol Chem. J64: 109-
118, 1946.
Frasch. C. E, Parkes, L. McNelis. R. M. &
Gotschlich, E. C.: Protection against group B
meningococcal disease, I. Comparison of group-

»~

d

>

b



ES

-

o

=

speaific and typesspeaific protection in the chick.
embryo mode! J. exp Med [44-319-328, 1976
Glode, M P, Robbuns. J. B , Liu, T.-Y., Gotschlich,
E C. Orstor. 1. & Orshov, F: Cross-anugemaity
and immunogenicity betw een capsular polysacchari-
des of group C Neisserla memngitidis and of
Eschenchia cofi K92 3. nfect Dis 135 94-102,
1977,
Gold, R. & Artenstein, M S -2 Field trial of group
memngococeal polysacchande vacane in 1969~
70 Bull Wid Hith Org 45 279-282, 1971.
Gorschisch, E € Development of polysacchande
vaceines for the preveation of menngococcal
diseases Monogr Allergy 9 245-258, 1975
Grados, 0 & Ewing, W H Anugemc relauonship
between Escherichia colt and Neisseria meningindis
J mfect. Dis 122 100-103, 1970
Heriz,J B, Howby, N, Andersen. V. & Bakgaard,
P Crossed immunoelectrophoretic analysis of
Bordetella pertussis anugens and of corresponding
anubodies 10 human sera Acta path microbiol
scand Sect. C, 84 386-394, 1976
Hoff, G E & Haiby, N Crossed immunoctectrop-
horetic analysis of Nersserra meninguidis anugens
and of cotresponding anubodics 1 pateents with
meningococcal disease Acta path microbiol scand
Sect C, 86 1-9, 1978
Hoff, G E & Haiby, N Cross-reactions between
Netsseria meninguidis and twenty-Seven other bacte-
fial species Actapath mucrobiol scand, Sect. B, 86
87-92, 1978
Hoiby, N Cross-reactions between FPseudomonas
aeruginosa and thirty-six other bacterial species
Scand ) Immunol 4 Suppl 2. 187-196, 1975
Hoby. N Normally occurring precipstating antibo-
dies against Pseudomonas aerugtnosa Prevalence,
specificities and utres. Scand J Immunol 4 Suppl
2,197-202, 1975
Heiby N The serology of Pseudomonas aeruginosa
analysed by means of quantitativé immunoelectrop-
horetsc methods 111 Reproductbility of a polyvalent

ES

2

N

0

~

b

P. aeruginosa reference standard anuigen. Acta path
microbiol. scand. Scct B, 83- 433442, 1975,
Heobv, N & Axclsen, N} ldenufication and
quantiation of preapiins gunst Preudomonds
ageruginosa in patents With cysuc fibrosis by means
of crossed immunoelectrophoresis with intermediate
g6l Acta path mcrobiol sand Sect. B, 81 298-
308, 1973

. Hoiby. N, Herz, J B & Andersen. V.: Crosse

reactions between Bordetella pertussis and twenty-
zight othet bactenal speacs. Acta path microbrol
sand Sect. B, 84 395400, 1976
Kroll, J.- Crossed-line  immunoelectrophoresis
Scand. J Immunol 2-Suppl |, 79-81, 1973
Anerowits. R. L., Gordon, R E. & Robbins. J B
Polysaccharides of the geaus Bacilfus cross-reacine
with the capsular polysacchandes of Diplococcus
preumoniae type U1, Hacmophilus influenzae type b,
and Nersseria meningindis group A. Infect Immun
8 896-900, 1973,
Sendsen, P, 1 & Axelsen,
2 body crossed
ang the speafiaty and titre of human precipiuns.
aganst Cendida albicans } immunol Mah [
169-179, 1972,
Vaan, W F, Liu, T-Y & Robbins, J B - Bacillus
pumilis polysaccharide cross-reactive with meningo-
coceal group A polysacchande {nfect. Immun /3.
1654-1662, 1976
Wahdan, . H. Sanborn, W R, Sippel, J E,
Gotschhch, £ €, EI Ghoroury, A A., Bablas, R.,
Jigis. N I, dmer, N 1, Boctar, W & Crjetnorié, 8 ;
A controlled field tnal i Egypt of a serogroup A
polysacchande vacoine Bull WId Hith Org 48,
667672, 1973
Wyle, F A, Aviensiein, M S, Brands, B .,
Goischhich, E C, Kasper, D L, Altieri, P. L,
Berman. S L. & Lowemhal, J p: Immunologic
tesponse of man to group B memngococeal poly-

sla;;;unde vaccnes ) mfect. Dis 126 $14-522,

N H: A modified
Y




the cross-reactive Neisseria species. This applies eg.
to antibodies against antigens nos. 4 and 55 which
cross-react with antigens from other Neisseria
species but not with antigens from 21 other
bacterial species (12). The three other antigens, nos.
19, 22 and 48, against which antibodies occur in
normal sera, have been shown previously to cross-
react with many other bacterial genera also (12).

Only 75% of antibodies in gammaglobulin
against meningococeal antigen no. 19 could be
absorbed by other gram-negative genera, eg. P.
aeruginosa, whereas 100% of normally occurring
antibodies against the same P. aeruginosa antigen
(no. 10 (12)) could be absorbed by several other
gr: gative bacteria includi A ingitidi
This indicates that although 75% of the normally
occurring antibodies against antigen no. [9 might
be induced by several other gram-negative bacteria,
the remaining 25% of these antibodies must be in-
duced by bacteria belonging to the Neisseria species.
These results are in accordance with the previous
finding (14) that antibodies against P. aeruginosa
antigen no. 10 were present in only 54 % of normal
sera.

The degree of cross-reaction was 25-50%
between meningococcal antigen no. 22 and the other
gram-negative bacteria employed in this study {12).
This means that only 25~50% of the rabbit
antibodies raised against antigen no. 22 could be
absorbed by antigens from these other bacteria.
Human antibodies against antigen no. 22 in
gammaglobulin could be absorbed completely by
other bacterial genera. The antibodies in gammaglo-
bulin against meningococcal antigen no, 22 are thus
directed against a common antigenic determinant of
this molecule and may be induced by some bacteria
other than Neisseria.

The origin of antibodies against antigen no. 48,
which was shown previously to cross-react with a
few genera of gram-negative bacteria (12}, could not
be elucidated in this study.

Antibodies against the group-specific polysaccha-
rides A, B and C were also detected in human
gammaglobulin preparations. The antibodies aga-
inst polysaccharides A and C were high-titred, in
contrast to the low-titred antibodies against group B
polysaccharide. The fact that such antibodies against
the group-specific B polysaccharide could be found
in gammaglobulin was somewhat surprising, since
this polysaccharide is known to be a poor immur50A
gen (8, 23). It 1s notable, however, that anlibodl;s
against group B polysaccharide were also found in
five out of seven patients infected with group B
meningococci (i 1) using the same group B antise-
rum in the reference gel as in this study.

Antibodies against the meningococcal polysacc-
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harides may also be induced by other bacteria, singe
some widely occurring bacteria have been found o
possess capsules which cross-react with meningo-
coccal polysaccharides A, B and C. Strains of
Bacillus pumilis have been shown to produce 3
polysaccharide which is antigenically and struct-
rally related to N. meningitidis group A polysacchs-
ride (19, 21), and the K1 and K92 antigens of E. cof
have been shown to be antigenically and structurally
related to N. meningitidis group B and C polysacchy-
rides, respectively (6, 9).

Antibodies against the group-specific polysaccha.
rides A and C are known to confer protection
against infection with the corresponding meningo-
coccal groups (7, 22), and small amounts of
antibodies against group B polysaccharide are
known to add considerably to the immuno-defense
against group B disease in the presence of type-
specific antibodies (5). The clinical implication of
this study may therefore be that gammaglobulin
may prove valuable as prophylaxis or in the therapy
of meningococcal infections.
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Beekgaard, Department of Obstetrics YA, Rugshospitalet
and Dr. Klavs Henningsen, Department of Serolosy,
Institute of Forensic Medtcine, University of Copenha-
gen. The gammaglobulin preparations and plasma pools
were obtained by courtesy of Dr. Poul Hafvxen.
Department of Blood Fractionation, Statens Seruminsti-
tut, C and the i 1 group B
antiserum by courtesy of Dr. J B. Robbins, Bureav of
Biologics, FDA, Bethesda, Maryland, US A.
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INHIBITORY AND STIMULATORY EFFECT
OF SPLEEN CELLS FROM TUMOUR BEARING ANIMALS
ON THE GROWTH OF SYNGENEIC TUMOUR CELLS

F S LARSEN and J V. SPARCK

The ITmmunological Laboratory, Statens Seruminstitut, Copenhagen, Denmark

Larsen. F S & Sparck. J V Intubitory and sumulatory effect of spleen cells from tumour beaning
ammals on the growth of syngeneic tumour cells Acta path mucrobiol scand Sect C. 86 131-139, 1978

When spleen cells from C3H mxce moculated with a primary spontancously ansen C3H mammary
caranoma were added to tumour target cells of the same type in vitro, both an inhibitory and a
stumutatory effect on target cell growth were seen. when compared with the effect of adding normal
syngeneic spleen cells The inhibitory effect was seen regularly when high concentrations of spleen cells
were added, while there was a sumutatory effect when low concentrations were added to the tumour
target cells When transferring sploen cells from tumour beanag mice together with a tumour 1nocutum
10 groups of normal syngeneic recipients, the resultant tumour growth was enhanced, as compared with
Tecrpients given tumour plus normal spleen cells and those given tumour cells only [t was found that
the spleen cells which caused the greatest enhancement in yivo caused the greatest snhibion 7 vitro
This relationship could be explaned by assuming the occurrence 10 spleens of tumour bearers of a
Ppopulation of reactive cells whih when added 1n high concentratons to tumour target cells in vitro
cause mhibition, while they cause sumulauon of wmour growth n vio because of being transferred to
reqpients in relatively fow concentrations

Key words Spleen cells, tumour bearing mice. syngeeic tumout cel] growth

Flemming § Larsen. Immunological Laboratory, Statens Seruminstitut, Amager Boulevard 80, DK-2300

Copenhagen S, Denmark
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The finding that lymphocytes from tumour
bearers may be cytotonic agarnst temour cells of the
same type in 1iro gave support to the assumption
that these cells constiute 2n ymmune defence
aganst the tumour. The apparent paradox that
tumours grow 1n spite of the Ppresence of immune
cells could be explained by the extstence of blocking
serum factors, as suggested by the finding that
serum of tumour bearers often contam substances
whibtory to the in vitro cytotoxic reaction between
mphocytes and the tamour (7)

However, when testing this in vitro reacuon
between Iymphocytes and tumour target cells,
Som:}xms also a target cell growth stimulatory
2anity of lymphocytes from tumour bearing
animals was seen, as compared with lymphocytes

from normal antmals (2, 11) This stimulatory
activity was found when »lowe lymphocyte tumour
cell ratios were tested (500 1), while target cell
nlné;nbinon often was found with higher ratios (4,

Furthermore, 1t was found that lymphoud cells
from tumour bearing animals enhance tumour
growth in vivo after transfer together with 2 tumour
moculum to syngeneic Tecipients, as compared with
transfer of normal lymphocytes (5, 12, 13, 17,18),
Such an enhancement was found when the spleen
cells were taken from donor mice at a fate stage of
tumour growth, while spleen cells from an early
Stage caused ihibition of tumour growth (S 13).1t
has also been shown that the mhibitory and
stimulatory activities of spleen cells

! Were associated
Wwith separable cell populatons amn, indicating the
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The finding that lymphocytes from tumour
bearers may be cytotoxic against tumour cells of the
Same type i 1ero gave support W the assumption
that these cells comstitute an 1mmune defence
2gainst the tumour The apparent paradox that
tumours grow in spite of the presence of immune
cells could be explained by the existence of blocking
serum factors, as suggested by the finding that
serum of tumour bearers often contain substances
tnhibitory to the in vriro CYLOtoXsC reaction between
Iymphocytes and the tumour (7}

However, when testng this u \itre teacuion
between lymphocytes and tumour target cells,
someumes also a target cell growth stimulatory
auvity of lymphocytes from tumour beaning
ammals was seen, as compared with lymphocytes

from normal antmals (2. 11) Ths sumulatory
activity was found when wlowa lymphocyte tumour
cell ratios were tested (00 1), while target cell
;ln;\;b\mn often was found with higher ratios 14,

Funthermore, 1t was found that lymphoid cells
from tumour bearing amimals enhance tumour
growth in vvo after transfer together with a tumour
tnoculum to syngeneic recipients, as compared with
transfer of normal lymphocytes (5, 12, 13178
Such an enhancement was found when the spleen
cells were taken from donor mice at a fate stage of
tumour growth, white spleen cells from an early
stage caused inhibitton of tumour growth Gy n
bas also been shown that the inhibitory and
stimulatory activities of spleen cells were associated
with separable cell populations a3, indicating the
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The finding that lymphocytes from tumour
bearers may be cytotoxic against tumour cells of the
same type 1 vitro gave support to the assumption
that these cells comsttute an 1mmune defence
aganst the tumour. The apparent paradox that
fumours grow 1 spite of the presence of immune
celis could be explasned by the existence of blocking
serum factors, as suggested by the finding that
serum of tumour bearers often contain substances
inhubitory to the i vitro cytotoxic reaction between
Iymphocytes and the tumour (7)

However, when testing this in vitre reaction
between fymphocytes and tumour target cells,
sometimes also a target cell growth stimulatory
activity of lymphocytes from tumour bearing
ammals was seen, as compared with lymphocytes

from normal animals (2, 11) This stimulatory
activity was found when sloww lymphocyte tumour
cell rauos were tested (500 1), while target cell
iln‘;x)xbmun often was found with higher ratios (4,

Furthermore, 1t was found that lymphoid cells
from tumour bearing animals enhance tumour
growth invivoafier transfer together with a tumour
Inoculum to syngeneic recipients, as compared with
transfer of normal lymphocytes (5, 12, 13,17,18)
Such an enhancement was found when the s‘ple:n
celis were taken from donor mice at 2 Jate stage of
tumour growth. while spleen cells from an early
stage caused inhibition of tumour growth (5, |3), It
has also been shown that the inhubitory a.mi
stumulatory activities of spleen cells were associated
with separable cell populations (13), indicating the
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ammals were diinbuted symmetncally on to the plate
One plate was ised for each concentration of spleen cells
10 be tested, w0 that 12 wells recerved normat ceticand (2
sumilarly siuated wells recened cells from Ihe umous
Peanng ammals Exght wells receied medium only and
served a5 medium controls Usually several plates with
different spleen cell concentrations  were  prepared
tncutaven was performed for 3 days tn seated botes
conwiming bumidificd $% OOy atmaosphere At the end
of this penod. the plates were washed by immersion i
saline untd the G celis were
temorved The plates were then fived i methanol and
suned with Giemsa s
Calculanons  Percentage teduction was calculated
from the formula

NN
T x100%
Ne
and percentage sumulanon from
NN,
LI 00

Ne
$iving pegatine nalues Noand Neare the average number
of remareag target celts 10 normal cell control and
expermmental wells. respectively

RESULTS

Intubition of Tumour Growih in vitro after Adduon
of Spleen Cells from Mice Inoculated with Tumeur.,

The MC-test is used widely as 3 method for
detecung the reactiviy of fymphoid celic (rom
animal o man zg3inst tumours or atlogent: grafis.
When uung this test in different series of syngenes
tumour transplantatons of spopLpcowly arsen
CIH mamma carcrnomas. transplantation of only
one out of three lumours resulted 1n detecutie and
significant tumour exll mnhubstion or killing by the
addition of spleen cells from the recipient muce, as
compared with spleen cetls from normal mice Thic
negtne result when using some tumours was not
duc simply 1o Infenof techmque becamne, at the
same tme. a definite CTO1ORK 3tintty against the
tumour cells of splcen cells from aliogencic
immunized mice was seen.

In an attempt 10 increase the sensitnaty of the
MC-test, the spleen cells were incubated for 3 days
with Con-A tefore addition fo target celis [t was
expected that. if not already present. eyotouc

TABLE | dddition to Tumour Target Cells of Preincubated or nor Prevcubated Spleen Cells from e Inoculared
with Tumour

Remaiming number and percentage reducuon of tumour cells afier

Days afier Spleen addition of 103 spleen cells per well
wransplan. cells
bon addedn No Prawcubauon Premcutauon
premcubation withour Con-A with Con-A
N 146 ” X
9
8 10% ns}h 12% ta)
s - 5 . 471% (s8)
N 185 27
" 56
H%(s) 9% (ss)
. - . & ) 9%, tsxs)
» N 81 1% ) 62
- ns| N
. " , 89% (ss5) ND
N 282 49
2 30
5% (ns}
. {ns 94% (sss) 47% (s)
16
¥ N Spleett celis from normal animals )
T spleen cells from animals inoculated with tumour
8 = notsigmficant.
S = sgafiantp < 005 (Students test)
S5 = sgmificant.p < 0 01.
555 = mgmficant, p < 0 00]
ND = notdane
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presence in the spleen of both inhibitory and
stimulatory lymphoid cells,

It is still an open question whether the enhancing
cells act as direct stimulatory cells or as cells
suppressing immune resistance to the tumour, The
former possibility was favoured by Sparck (14, 15)
who, by tr lanting mouse Y adenocar-
cinomas, demonstrated that tumours grew less well
in i ppressed syngeneic recipients, in con-
trast to what was found in the allogeneic combina.
tion. He formulated a theory of immune stimulation
of tumours claiming that tumour growth is
dependent on an active immune response of the
host, and that a weak immune response promotes
tumour growth, while a strong immune response
inhibits the tumour.

The purpose of the present work was to study the
in vitre reaction between tumour target cells and
lymphoid cells from tumour bearing mice at
different times after tumour inoculation and to
study the effect of these lymphoid cells on tumour
growth in vivo by transferring them together with
the tumour inoculum to normal recipients,

MATERIALS AND METHODS

Tumours. The tumours used in this study were primary
C3H mamma i from a C3H line
of fow tumour frequency (< [5%) After having
reached a suitable size, the tumours were removed, cut
into small pieces and washed twice with prewarmed
saline 10 ml of warm trypsin 0.2% in phosphate
buffered saline was added and the suspension shaken for
§ minutes in a 37° C waterbath Then the supernatant
was decanted through a gauze filter into § ml foetal catf
serum and kept 1n the cold. The process was repeated
until the tissue was exhausted. If the solution became
viscous, 1020 drops of a 0 04 % DNase solution (Sigma
Chemical Co . St Lows, Mo ) were added. The pooled
supernatants were centrifuged for 10 minutes at 300 x g
and the cells suspended 1n RPMI-1640 (Gtbco Bio Cult.
Scotland) contaming 20% foetal calf serum. 0 05 mg/ml
treptomycin, 0 01 mg/ml and 1500 1U/ml
penicillin and supplemented with 1 % of a freshly thawed
solution of 200 mM glutamin Thts medum will be
referred to as 20%-RPMI The cell suspension was
counted with trypan blue. and after centrifugation for 5
minutes at 400 x g was adjusted to 107 dye excluding
cells per m! ina mixture of one part foetal calf serum and
one part 20% dimethyl sulphoxide 1n photpha(elbuﬂ‘er
The suspension was sucked into straws contaming 06
1 each and stored in liqud mtrogen after programmed

freezing
Tumour transplaniation. On the day of transplanta-

tion, 2 number of straws containing the frozen tumour
cells were thawed by rapid transfer from the mlrt;gen
container to tubes of 20 %-RPMI prewarmed 1o 37° C.
The straws were immediately cut open and r:rr}oved.
leaving the cells free. The suspensions were centrifuged

P

for § minut_es at 400 x g, the cells were resuspended 1
T_C-|99 (Difco) and washed once with this medum
Viable cells were counted and the suspensions adjusted to
the desired concentrations. The recipients were each
given 01 ml subcutaneously. The tumours were fully
transplantable and became palpable 3—4 weeks afier
inoculation The tumour growth was followed taice 2
week by measuring the two main diameters of each -
mour with calipers. Regression was never seen

Tissue culture (target cells) Tumour cells w ere used as
targets in the microcytotovicity test (MCuest) of
Takasugi & Klein (16). One straw of tamour cefls was
thawed as described above, and the cells were counted
and resuspended in 20%-RPMI. [0 pb was dispensed
into the wells of Faloon 3034 microtitre plates (Falcon
Plastics, Los Angeles, Calif.) and incubated at 37°Cina
sealed box contamning 5% CO; atmosphere. The plaung
efficiency varied from tumour to tumour, but generally
500-1000 living tumour cells had 10 be seeded out in
each well to get approximately 50 adherent cells on the
next day.

Preparation of spleen cells for transfer. The mice were
killed by cervical dislocation. The splesns were removed
and forced gently through fine wire mesh into 20%-
RPMI. The resulting suspension was homogenized
carefully with a Pasteur pipette and filtered through 3
double layer of gauze. The cells were washed three umes
in 20% -RPMI by centrifuging for 5 minvtes at 400 X g
and adjusted to § X 107 viable cells per ml in TC-199
Just before transfer ta the recipients, the spleen cells were
mixed with wmour cells and an amount of 0 2 ml »as
injected subcutaneously,

Preparation of spleen cells for the MC-test Spleens
were forced gently through fine wire mesh into about 4
ml 20%-RPMI The suspension was homogenized
carefully with a Pasteur pipette, layered on 3 ml
wlymfoprep« (Nyegdrd & Co , Oslo} and centrifuged for
15 minutes at 400 x g The cells at the interphase
(recovery 25%) were washed three times in 20%-RPMI
by centnifuging for § munutes at 406 x g and were
adjusted to 107 lving cells per ml m 20%-RPML afier
which they were ready for the MC-test

Preincubatton was performed 1n fest tubes (Falcon
2001, Los Angeles, Calif ) containing 5 x 106 cells in2
i 20%-RPMI Half of the tubes were usually given 20
pg/mi Con-A (Sigma Chemical Co . St Louss. Ma) The
tubes were incubated for 2 or 3 days in 5% CO2
atmosphere. At the end of this period the content of the
tubes was pooled. centrifuged and resuspended n 20%-
RPMI and adjusted to 107 viable ceils per ml The
number of viable cells at the end of the culture process
was generally 40-50% of the imitial number

Microcytotoxicrny test One day after planng of the
target cells the non-adherent cells were removed by
inverting the plates and changing the medum The spleen
cells were added 1mmedtately after the medium was
again sucked away. Since the growth of target cells on
the plate was reduced in the outermost wells, these
received medium only In order to secure equivalent
conditions for the cells to be tested. the normal spleen
cells and the spieen cells from the tumour bearing



ammals were disinbuted symmesricalty on o 1he plate
One plate was used [or each concentration of spleen cells
{obe tested, so that 12 wells reoened normal cells and 12
similanly stuaied welfs recenved cells rom the tumout
beaning amumals. Exght wells recenred mediwom only and
sened as medum controls Usually several plates with
dilferent spleen oIl concemirauons  were prepased
Tncubation was performed for 3 days in scaled boves
containing humsdified §% COz aimosphere At the end
of this period. the plates were washed by ymmeron
hysiological saline unni the non-adherent cells were
removed The plares were then fixed 0 methano and
staned with Giem<a stamn

Calculations Percentage reduction was Glculated
from the farmula

bY]
and percentage sumulation from

NeNe

Ne
gnvng negatnevalues N and Neare the average number
of remammg target cells i1 normal cell control and 1
expenmental wells. respectively

x 100%

RESULTS

Inbubition of Tumour Growth in vitro efter AdStion
of Spleen Cells from Mice Inoculatal with Tumaur,

The MCucst s used widely as 8 method for
detecting the reactivity of tymphoid celis from
animal of Tan against wmours or altogencic grafts.
When using this test in diffcrent series of syngencic
tumour transplantations of spoptancously arren
C3H mamma carcinomas. transplantation of only
one out of three tumours resulted in detectable and
sigrficant tumour cell inhibition or Xiliing by the
addition of spleen cells from the recipient mice, as
compared W ith spleen cells from normal mice “This,
negatine resuft When DSING “OME TMOUTS ™38 HY
due simply to inferior techmque because, at the
same tme. a definite cytotonic actnity against the
tumour cells of spleen celis from  allopencic
immunized mice Was seen

[n an attempt to fncrease the sensitnvity of the
MC-test. the spleen cells were sncubated for 3 doys
with Con-A before addition to target cells. It was
expected that, if not atready presemt. cytolonic

TABLE 1 Addision 1o Tumour Target Cells of Prewncubated or not Pretacubated Spleen Cells from Mice Innculated
with Tumour

Remaning number and percenuge reduction of tumoar exlls after

Days afier Spleen addimon of 103 spleen cells per well
transplan- eells
1auon addedd No Preincubation Preincudation
preincubaton without Con-A. with Con-A
N 146 (&} 49
8 0% (ns) 12% {ns) 4T% (sssh
T 132 15 184
N 185 n
15 EAC 7 s
9%, (ss)
. 128 . s3] ) 79% (sss)
n N 1 62
~1% {ns)
T 0 ; 89% (sss) ND
N
49
2 30
5% (ns)
. s R 94% (ss8) _ 4% (9)
o ;*l spleen cells from normat animals
*- spleen cells from animals wocwlated with tumour
™ = notsignficant
s sigruificant, p < 0 05 (Students t-test)
: = significant. p < 0 G1
s = nigaifi
Sy ificant, p < 0001

not done
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presence in the spleen of both inhibitory and
stimulatory lymphoid cells.

1t is still an open question whether the enhancing
cells act as direct stimulatory cells or as cells
suppressing immune resistance to the tumour. The
former possibility was {avoured by Sparck (14, 15)

who, by tr ing mouse y adenocar-
cinomas, demonstrated that tumours grew less well
in i essed syngeneic r in con-

trast to what was found in the allogeneic combina-
tion. He formulated a theory of immune stimulation
of tumours claiming that tumour growth fs
dependent on an active immune response of the
host, and that a weak immune response promotes
tumour growth, while a strong immune response
inhibits the tumour.

The purpose of the present work was to study the
in vitro reaction between tumour target cells and
lymphoid cells from tumour bearing mice at

for 5 minutes at 400 X g, the cells were resuspended iy
TC-199 (Difco) and washed once with this Mediuy
Viable cells were counted and the suspensions adjusted o
the desired concentrations. The recipients were ex
given 0.1 ml subcutaneously. The tumours were foly
transplaniable and became palpable 3—4 weeks nf\{r
inoculation The tumour growth was followed twice 5
week by measuring the two main diameters of each ty.
mour with calipers Regréssion was never seent

Tissue culture (target cells) Tumour cells were used 35
targets in the microcytotoxicity test (MC-test) of
Takasugi & Klein (16). One straw of tumour cells wys
thawed as described above, and the cells were counteq
and resuspended in 20%-RPMI. 10 | was dispensed
into the wells of Falcon 3034 microtitre plates (Falcon
Plastics, Los Angeles, Calil.) and incubated at 37° Cina
sealed box containing 5% CO3 atmosphere The plating
efficiency varied from tumour to tumour, but generally
500~1000 living tumour cells had to be seeded out in
each well 1o get approximately 50 adherent cells on the
next day.

I ion of spleen celfs for transfer. The mice were

different times after tumour i ion and to
study the effect of these lymphoid cells on tumour
growth in vivo by transferring them together with
the tumour inoculum to normal recipients.

MATERIALS AND METHODS

Tumours The tumours used in this study were primary
spontaneous C3H mamma carcinomas from a C3H line
of Jow tumour frequency (< 5%} Afler having
reached a suitable size, the tumours were removed, cut
into small pieces and washed twice with prewarmed
sahine. 10 ml of warm trypsin 0.2% in phosphate
buffered saline was added and the suspension shaken for
5 minutes in a 37° C waterbath. Then the supernatant
was decanted through a gauze filter into 5 ml foetal calf
serauw and kept io he rold The process was repeated
unul the tissue was exhausted If the solution became
viscous, 10-20 drops ofa 0.04 % DNase solution (Stgma
Chemicat Co., St. Louis, Mo.) were added The pooled
supernatants were centrifuged for 10 nunutes at 300 x g
and the cells suspended in RPMI-1640 (Gibco Bio Cult,
Scotland) containing 20% foetal calf serum, 0 05 mg/m?
streptomycin, 0.01 mg/ml neomycin and 1500 1U/ml
pencillin and supplemented with | % of a freshly thawed
solution of 200 mM glutamin This medium will be
referred to as 20%-RPMI The cell suspenston was
counted with trypan blue. and after centrifugation fo'r 5

minutes at 400 X g was adusted to 107 dye excluding

cells per ml 1 a mixture of one part foetat calf serum and

one part 20% dimethyl sulphoxide in phospha}e bufler

The suspension was sucked into straws containing 0.6

mt each and stored in liquid nitrogen after programmed

ng.

fre;‘fzxmgour transplantation. On the day of transplanta-
tian, 2 number of straws containing the frozen tumour
cells were thawed by rapid transfer from the mlrggcn
container to tubes of 20%-RPMI prewarmed to 3 C.
The straws were 1mmediately cut open and rcn?ovei
feaving the celts free. The suspensions were centrifuged

[R¥)

!
Killed by cervical dislocation The spleens were removed

and forced gently through fine wire mesh into 20%.
RPMI. The resulting suspension was homogenized
carefully with a Pasteur pipette and filtered through a
double layer of gauze. The cells were washed three umes
in 20 % -RPMI by centrifuging for 5 minutes at 400 X ¢
and adjusted to 5 X 107 viable cells per mt in TC-199
Just before transfer to the recipients. the spleen cells were
mixed with tumour cells and an amount of 0 2 ml was
injected subcutaneously
Preparation of spleen cells for the MC-test Spleeny
were forced gently through fine wire mesh into abme
ml 20%-RPMI The suspension Was homogenized
carefully with a Pasteur prpette, layered on 3 m
wlymfoprep« (Nyegird & Co , Oslo) and centrifuged for
15 minutes at 400 x g The cells at the interphast
(recovery 25%) were washed three times tn 20%-RPMI
by centrifuging for § minutes at 400 x g and were
adjusted to 107 living cells per mt in 20%-RPML after
which they were ready for the MC-test
Preincubation was performed 1n test tubes (Falcon
2001, Los Angeles, Calif ) contaimng § x 106 cells in 2
mi 20%-RPMI_ Half of the tubes were usually given 20
pe/m] Con-A {(Sigma Chermeal Co , St Lows. Mo) The
tubes were imcubated for 2 or 3 days m 5% CO:
atmosphere At the end of this period the content of the
tubes was pooled. centrifuged and resuspended tn 20%-
RPMI and adjusted to 107 viable ceils per ml The
number of viable cells at the end of the culture process
was generally 40~50% of the imtial number.
Microcytotoxicny test One day after platng of the
target cells the non-adherent cells were removed by
\nverting the plates and changing the medium The spleen
cells were added immediately after the medmm was
again sucked away Since the growth of target cells on
the plate was reduced tn the outermost wells. these
received medium only. In order to secure equivalent
conditions for the cells to be tested. the normat spleen
cells and the spleen cells from the tumour bearing



week, three of the inoculated mice and three normal
mice of the same age and sex were killed and tested
simultaneously in the ordinary MC-test and a0 1
the modified test invohing preincubation of the
spleen cells with and without Con-A. The table
shows that when the spleen cells were tested in the
ordimary MCtest without  preincubx only

picture resulted, but the initial inhibition was
weaker and the subsequent stimulatory acthay
somewhat more pronounced  Aglin the lower
spleen cell concentration caused stimulation earlier.

This behaviour led to the assumption that the
stumulatory activity which occurred 18-39 days
after tion was not due to the dominance of a

mmor dufferences in target cell growth occurred
when spleen cells from normal and tumour
inoculated mice were added However, after prein-
cubation for 3 days a strong tumour inhibitory
effect of the spleen cells from tumour inoculated
mice was seen as compared with those of normal
mice, when the cells were added 1n a concentration
of 105 cells per well. Thrs effect was found
wrespectne of whether the spleen cells were
mcubated with of without Con-A

Sumulation of Tumour Cell Growth in witro afier
Addition of Spleen Cells from SMice Inoculated with
umour
Fig | shows the result of a similar expeniment
Again 30 muce were tected sub with

certan sumelatory population of &ells durning that
period, but was the result of a gradually dimmnhing
number of reactne cells cawang inkititon in hig!
and sumulation 1n jow concentratons

1n order (0 1M estigate this cONCCPUION. 108 Were
performed 1 which many different concentrations
of <pleen cells were added to the trget cells The
results are shown in Table 2 Shifts are ween from
no reaction o sumulibon and then to ishibition
with the additon of increaung concentrations of

spicen cells These reults clearly show that the
P of and s dine
d being A with the

additon of high concentrations and stmulabont
with low concentrations of spleen cells This

wmour (35 x 105 cells/mouse) Three of these
and three normal mice were killed every week. The
spleen cells were incubated for 3 days before
addiion to tumour target cells As seen 1n Fig la.
the spleen cells showed rapsd and strong snhibitory
reactions {1 days after inoculation this inhibstory
actrty dechined The decline took place earliest with
thelower spleen cell concentration and about a week
Later with the higher concentration 25 days afier
toculaion, sumulatory actisity occurred. te the
m{mber of remaiing target cells in wells incubated
with spleen cells from mice inocutated with tumour
®as hugher than the number of target cells 1n wells
*th spleen cells from normal animals At the time
of appearance of tumour (46 days), a period of
whibtory acuvity was again seen When the spleen
©IIs were incubated with Con-A (Fig 1b). 2 ssrilar

was seen dent of the ume after
tumour moculation, but the concentration of spleen
celly at which the mhititory effect changed to
stimulatory effect varned wath the ime after tumaour
moculation and the test method used

Anahsis of the Kineties of the Reuction between
Spleen Cells and Target Cells in sitro

When the term stimulation or inhibition ts used
n the prewent study. 1t refers to an increase ot
decrease 1n the number of target cells remaining
afler the addiwon of spleen cells from tumour
bearers relatne to the number of target cells
remasming after the addition of normal spleen cells
Therefore it was imporiant to study the effect of
both normal and tumour bearer spleen cells on
target growth, compared with the growth of target

TABLE 2 Addinion 0 Tumour Target Cells of Differ

1 Adbton o Tumour Tareer Celts of Differens Coneeirauoms of Srieen Cel from e oculted ik Taeour

- ! Loncentranons of Spleen Celts from §

T S e s e bt o s i 1 o e
dedd  proncubenon K

O 1S 3eam exl0r 23.10 23
» N m 151 [

199 s
. - eum e v m e
n w 10 w e
o N 281 1 39 m S04
T . 26 —% M ~1% e -18%, 3 1% a A%
m m 02 o 500
LRI
R it
= b, il
1= watanr o

= Wt p <001
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effector cells would develop during this preincuba-  been thawed after nitrogen storage. This cryopreser-
tion period, thus increasing the tumour killing ved tumour also supplied the small amounts of
effect. tumour cells needed as target cells in the MCiet

Table 1 shows the results of an experiment in  during the weeks of testing. The nitrogen storage
which 30 normal C3H mice were each given thus made it possible to use the same tumour
subcutaneously 106 viable tumour cells which had  suspension as inoculum and as target cells Even
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i h g ding spleen cells from mice incubated with tumour target cells The
Fig. 1. Inhibitory and su;z:(:?‘h:rurﬁ:‘:;;r o) amiwih on-A.(Fig. 1) before the addion 10 e targe s T2
spleen “"? wererprel-mtu 1Is were added, 105 and 4 x 104 per well. Percentage reduction 1s the relative rtd_!m}gam
mmxmml;onsclspl.i:ni:eexverimcnml wells compared with wells with normal cells added. ns = no signi!
?e\:ir:x\:tei;: sta:rgep : 005, ss = p < 001,555 = p < 000l (Students t-tesy).
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eck, three of the inoculated mice and three normal
ice of the same age and sex were kulled and tested
multaneously in the ordinary MC-test and also in
1 modified test involving preincubation of the
Seen cells with and without Con-A. The table
jows that when the spleen cells were tested in the
rdimary MC-test  without i i only

picture resulted. but the initial inhibition was
weaker and the subsequent stimulatory acuvity
somewhat more pronounced Again the lower
spleen cell concentration caused sumulation earhier.

This behaviour led to the assumption that the
stimulatory activity which occurred 13-39 dnys
after § tation was not due 1o the dominance of 2

mor differences in target cell growth occurred
.hen spleen cells from normal and tumour
soculated mice were added. However, after prein-
ubation for 3 days a strong tumour inhibitory
flect of the spleen cells from tumour inoculated
nice was seen as compared with those of normal
nice, when the cells were added in a concentration
of 105 cells per well This effect was found
mespective of whether the spleen cells were
ncubated with or without Con-A.

Stimulation of Tumour Cell Growth m vitro after
Addition of Spleen Cells from Mice I d with

certain stimulatory population of cells dunng that
pertod, but was the result of a gradually diminishing
number of reactive cells @using snhibition 1n high

and stimulation in low concentrations
Tn order to investigate this conception. tests were
performed 1 which many different concentrations
of spleen cells were added to the target cells The
results are shown tn Table 2 Shifts are seen from
no reaction to sumulation and then to infubiton
with the addiion of increasing concentrations of
spleen cells These results clearly show that the
of and Is dose

Tumour
Fig 1 shows the result of a sinular experiment.
Agan 30 mice were imjected with

being d with the
addivon of high concentrations and sumulation
with low concentrations of spleen cells Ths

tumour (35 x 105 celis/mouse) Three of these
and three normal mice were killed every week. The
spleen cells were incubated for 3 days before
addition to tumour target cells As seen 1 Fig la.
the spleen cells showed rapid and strong mhibitory
reacions 11 days after ioculation this mhibitory
actnuty declined The decline took place carliest with
the lower spicen cell concentranion and about 2 week
later with the higher concentration 25 days after
moculation, sumulatory activity occurred, 1e. the
tumber of remaning target cefls in wells cubated
#1thspleen celfs from mice moculated with wmour
%25 lugher than the number of target cells 1n wells
With spleen cells from normal amimals At the ume
of appearance of tumour (46 days), a period of
inhibrtory actvity was again seen. When the spleen
eells were incubated with Con-A (Fig 1), 2 similar

aher

hip was seen T of the ume after
tumour oculation. but the concentrauon of spleen
cells at which the inhibitory effect changed 1o
stimulatory effect vaned with the time after tumour
moculation and the test method used

Anabsis of the Kinetes of the Reaction between
Spleen Cells and Target Cells i vitro.

When the term sumulation or mhibition ts used
1 the present study, 1t refers to an increase or
decrease 1n the number of target cells remaimng
after the 2ddion of spleen cells from tumour
bearers relatve to the number of target cells
rematning after the addition of normal spleen cells
Therefore 1t was important to study the effect of
both normal and wmour bearer spleen cells on
target growth. compared with the growth of target

AB|
LE 2 Adduwion to Tumour Target Cells of Dyfferent Concentrations of Spieen Cells from Mice Inoculated with Tumaur

Soleen Ca
o g TR BT £ gt etucion/suulton of o Wy s aer knan of e of slern e
Miedd procobaios 0 15x 100 3% 105 8<I® 02510 354100 9.1 15 a0 1onw Tor
N
“ £ ] s 15 s 37
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a 261 Y Bh 04 m
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effector cells would develop during this preincuba-  been thawed after nitrogen storage. This cryopreser
tion period, thus increasing the tumour killing ved tumour also supplied the small amouats o
effect. tumour cells needed as target cells in the MCrtes

Table 1 shows the results of an experiment in during the weeks of testing. The nitrogen storag
which 30 pormal C3H mice were each given thus made it possible to use the same tumou
subcutaneously 106 viable tumour cells which had suspension as inoculum and as target cells. Even
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ng spleen cells from mice incubated with tumour target Del:lss TT::

incubated without (Fig. 12) and with Con-A (Fig 1b) before the addstion to the mgﬂed“ctfon \o
oo 061l§ e Fotoen cel dded, 105 and 4 x 104 per well Percentage reduction is the relative redu et
vt spleen' o :ﬁ::ear:ml ;vells compared with wells with normal cells added. ns = no s1gnulK
::1:‘:;:7: llsm:gi: ZHS (l;;‘::: =p<00l,ss=p< 0.001. (Students t-test).

Fig. 1. Inhibitory and stimulatory effect of addis
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GAPS AFTER TUNOUN TRANSFLANTATION K3 THE SPLEEW CELL DONOR

Fig 3 Tnhibutory and sumulatory effect i virro of spleen
ells from ammals tmoculated with tumour 2-30 days
earlier. The spleen cells were pre-incubated both with
and without Con-A before the addition to the target cells
Sigaificance of the difference between experimental and
normat cells group ns = not signuficant. s = p < 005,
s =p<00)sss =p <0001

was palpable 1 the groups), all the ammals were
illed, the spleens removed and the spleen cells
tested in the modified MC-test. The eight suspen-
stons, plus a normal spleen cell suspension, were
each mixed with tumour cells yust prior to injection
into rune groups of 10 mice Each mouse recerved 7
X 105 tumour cells and 50 x 105 spleen cells
subcutaneously A 10th group was given tumour

AvERAGE TUNOUR SITE ) W RECIPIENT WICE.

c 3 % % % A ®
OAYS AFTER TONOUR TRANSPLANIANON 10 SPEEN CELL DONOR

Fig 4 Tumour size n mice myected with tumour cells
together with spleen cells from tumour bearing mice
faken at different stages of tumour development
Enhanced tumour growth in groups of mice having
Tectived a tumour noculum plus spleen cells from mice
Imgected with tumour cells 2-30 days previously The
Spleen cells were also tested s vutro (Fig 3) The figure
shows the tumour size 1n the groups. tmeasured at three
Gifferent umes. as a function of the ume since the spleen
cell donors were imjected with tumour The average
fumour diareter 1n the group which recened tumour

only was 0 3 m on day 40. 1 0 mm on day 54.and 3 3
mm on day 68

cells only. The tumour cells used for in@hlian of
donor mice and for injection together with spleen
cells into recipient mice and for target cells were all
taken from one original spontancous C3H mamma
crcinoma which had been stored in small aliquots
in hquid mtrogen.

“The result of this combined in vitro and in viso
experiment is shown in Figs. 3and 4 fnitro, l!}c
result was almost the same as in the experiments in
Fig. 1, showing an initial inhibitory period with
maximum on day 5 followed by a period of
declining activity. A maximum was reached on day
19. when cells premncutated with Con-A caused
stimulation of target cell growth, and thereafter a
period of infibitory activity again occurred

When the spleen cells were transferred 1o
recipients together with a tumour inocutum, the
result was a general enhancement of tumour
growth, as compared with the growth in the group
given tumour plus normal spleen cells and in the
group given tumour cells only The later two
groups had almost identical tumour growth The
groups with the biggest enhancement of tumour
growth were those given the spleen cells which were
the most inhibitory in vitro, ie spleen cells from
amimals carrying 22-30 day-old tumour and from
those carrying 5 day-old tumour

DISCUSSION

In order to obtain the best approximation to the
natural fomour phenomenon, an experimental sys-
tem was used which involved transplantation of
primary, spontaneously ansen CIH mamma carci-
nomas. Such tumours occurred with low frequency
and were stored as cell suspensions tn small a), iquots
in hiquid mitrogen This method was preferred to
serial passage in vitro or in vivo in order to avoid any
changes in antigenicity or growth behaviour during
the experiments.

The failure to detect in vitro reactivity of spleen
cells from tumour bearing mice with the ordinary
MC-test might be due to weak antigenicity of the
tumours used It might also be due to inhibition of
Iymphoid cells by serum factors, but extensive
washing of the cells before addition 10 target cells
did not induce reactivaty. as had been expected from
the findings of others (3}

However, strong acuvity was obtained when the
spleen cells were preincubated for 2-3 days it vitro
before addition to target cells. Using this modifica-
ton of the MCrtest, reactivity was detected 1n
spleens of mice after transplantation of any of the
(umour§ used. A stmiar increaged activity of
lymphoid cells were also fou

nd by othe
after one night of preincubation. (6.9, 20



REMAINING NUMBER OF TARGET CELLS REMAINING NUMBER OF TARGET CELLS

REMAINING NUMBER OF TARGET CELLS

REMAINING NUMBER OF TARGET CEULS

500

€00.

200

125x10' SPLEEN CELLS PER WELL

Do MORMAL ELL CONIROL
- —s EXPERIMENTAL GROUP psss
S

s00.

200,

200

T 2 3
DAYS AFYER SIART OF LULIURE
252107 SPLEEN CELLS PER WELL

00 MORMAL CELL LONTROL
S~ —e EXPERMENTAL GROUP
MEDIIM CONTROL

600

<00

200

7 7 3
OAYS AFITER START OF CULIURE

50x10° SPLEEN CELLS PERWELL

o~ NORMAL CELL CONTROL
o ~b EXPERIMENTAL GROUP
s« MeDIGM CONTROL

§

N
8

7 2 3
DAYS AFTER START OF CULTURE
100x107 SPLEEN CELLS PER WELL

e NORMAL CFLL CONROL
ot EXPERIMENLL GO0UP
s« mEDIM COMTROL

7 7 H
DAYS AFIER START OF CULTURE.

cells with no spleen cells added (medium control)
during the 3 days of incubation.

The resuits of experiments in Which the reaction
between spleen cells and target cells was stopped on
days 1, 2 and 3 after start are shown in Fig. 2 The
growth of target cells without added spleen cells was
dependent on the number of target cells seeded out
Below a certain threshold number, there was
progressive growth on day | and day 2, but a
decline occurred on day 3. When the target cells
were seeded out in numbers above the threshold
there was a steady growth on day 3 also Addition
of normal spleen cells to the target cells resulted n
enhanced growth being greatest when 105 spleen
cells were added. The addition of smaller numbers
resulted in less enhancement. The addition of spleen
cells from mice inoculated with tumour § days
previously resulted in an opposite effect, Enhance-
ment was seen when small numbers of spleen cells
were added and the enhancing effect was greater
than that of normal spleen cells, thus giving 2
relative stimulation, but this was not significant
until day 3. However, the enhancing effect of spleen
cells from tumour inoculated mice decreases rapidly

. as more spleen cells are added, and in the high

concentrations where normal spleen cells have the
biggest enhancing effect, spleen cells from tumour
inoculated mice are the most inhibitory, leaving 2
number of target cells far below that of medlll'lm
control. In this situation there is a relative inhibition
of tumour cell growth, this being significant already
on day 2 of culture, When lower numbers of target
cells were seeded out, the number on day 3 was
often diminished in medium control, as compared
with wells with spleen cells added in concentrations
as high as 105,

Enkanced growth of Tumours in vivo after Inocula-
tion of Tumour together with Spleen Cells from
Tumour Bearing Mice.

In order to investigate the influence of spleen oe]}s
from tumour inoculated mice on tumour growth i1
vivo, the following experiment was carried out
During a period of 30 days, eight groups of thre¢
mice each received 4.4 x 105 tumour cells. 2 d2y$
after the last group was mjected (before any tumour

Fig. 2. Inhibitory and sumulatory effect of adding spleen
cells from mice noculated with tumour to tumour !argtl
cells. The spleen cells were pre-incubated 3 days without
Con-A before addition to the target cells and thereafter
the reaction was stopped on day 1, 2 and 3. Significance
of differences between either experimental or normal cell
group and medium control. ns = not significant, s = P
< 005.ss = p <001, sss = p < 0.00l.
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Fig J lahibitory and sumulatory effect in vizro of spleen
eelis from anmals inoculated wath tumour 2-30 days
earlier The spleen cells were pre-incubated both with
and wthowt Con-A belore the addiion to the target eells
Stgmificance of the difference between experimental and
normal cells group ns = potsignificant.s = p < 008,
s=p<00lsss = p< 000}

Was palpable tn the groups), all the ammals were
killed, the spleens removed and the spleen cells
tested in the modified MC-test. The eight suspen-
sions, plus a normal spleen cell suspension. were
tach mived with tumour celfs Just prior o injection
Into mune groups of 10 mice Each mouse received 7
X 105 tumour cells and 50 x 105 spleen cells
subcutaneously A 10th group was given tumour

o nm

P L N ]
S AFTER TUMOUR ThAnseLaNTATION 10 SRLESH CELL DONOR

Fie 4 Tumour size 1n muce imjected with tumout cells
together with spleen cells from tumour bearing mice
LXes st dufferent stages of tumour development
Eshacced tumour growth 1 groups of mice having
received a tumour moculum plus spleen cells from mice
tnected with tumour cells 2-30 days previously The
spleen cells were also tested 1 virro (Fig 3) The figure
;Y:lnrws the tamour size 1 the groups, measured at three
mu“::! {umes. as a function of the ume since the spleen
- mots were mnjected with tumour The average

mour diameter 11 the group which received tumour

only was 0 3 mm on day 40, 1 0 4,
™ on day 68 y 40. 1 O mmonday $4.and 3 3

cells only. The tumour cells used for inoculation of
donor mice and for injection logether with spleen
cetls inta recipient mice and for target cells were all
1aken from one original spontaneous C3H mamma
carcinoma which had been stored in small aliquots
n liquid nitrogen

The result of this combined in vitro and in vivo
experiment is shown in Figs 3and 3 Invitro, the
result was almost the same as in the experiments in
Fig 1. showing an initial inhibitory period with
matimum on day 5 followed by a period of
declining activity A mavimum was reached on day
19, when cells preincutated with Con-A caused
sumulation of target cell growth, and thereafter a
period of inhibitory activity agan occurred

\When the spleen cells were transferred 1o
recipients together with a tumour inoculum. the
result was a gencral enhancement of tumour
growth, as compared with the growth in the group
given tumour plus normal spleen cells and in the
group gnen tumour cells onfy The latter two
groups had almost identical wmour growth The
groups With the biggent enhancement of tumour
growth were those given the spleen cells which were
the most inhubitory int vitrm, te. spleen cells from
ammals carrying 22-30 day-old tumour and from
those carrying 5 day-old tumour.

DISCUSSION

In order to obtain the best approximation to the
natural wmour phenomenon, an experimental sys-
tem was used which imvolved transplantation of
primary, spontaneously ansen C3H mamma carci-
nomas. Such tumours occurred with low frequency
and were stored as cell suspensions 1 smal] aliquots
m liquid nitrogen This method was preferred to
serial passage in 1170 or i vivo in order to avoid any
changes 1 antigenicity or growth behaviour during
the expeniments

The failure to detect in vitro reactivity of spleen
clls from tumour bearing mice with the ordinary
MC-test might be due 10 weak antigenicity of the
tumours used It might also be due to inhibition of
lymp{xmd cells by serum factors, but extensive
washing of the cells before addition to target cells
did ot 1nduce reactivity, as had been expected from
the findings of others (3).

However, strong acuvity was obtained when the
spleen cells were preincubated for 23 days in vitro
before addition to target cells. Using this modifica.
ton of the MC-test, reacuvity was detected n
spleens of mice afler transplantation of any of the
tmours used A similar increased activity of
Tymphotd cells were also founc

d by others (6, 9,
after one night of preincubation. »
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cells with no spleen cells added (medium controf)
during the 3 days of incubation.

The results of experiments in which the reaction
between spleen cells and target cells was stopped on
days 1, 2 and 3 after start are shown in Fig 2.The
growth of target cells without added spleen cells was
dependent on the number of target cells seeded out.
Below a certain threshold number, there was
progressive growth on day | and day 2, buta
decline occurred on day 3. When the target cells
were seeded out in numbers above the threshold
there was a steady growth on day 3 also Addition
of normal spleen cells to the target cells resulted in
enhanced growth being greatest when 105 splieen
cells were added. The addition of smalfer numbers
resulted in less enhancement. The addition of spleen
cells from mice inoculated with tumour § days
previously resulted in an opposite effect. Enhance-
ment was seen when small numbers of spleen cells
were added and the enhancing effect was preater
than that of normal spleen cells, thus giving 2
refative stimulation, but this was not significant
until day 3. However, the enhancing effect of spleen
cells from tumour inoculated mice decreases rapidly
as more spleen cells are added, and in the high

" concentrations where normal spleen cells have the

biggest enhancing effect, spleen cells from tumour
inoculated mice are the most inhibitory, leaving 2
number of target cells far below that of msdlflm
control. In this situation there is a relative inhibition
of tumour cell growth, this being significant already
on day 2 of culture. When lower numbers of target
cells were seeded out, the number on day 3 was
often diminished in medium control, as mefmd
with wells with spleen cells added in concentrations
as high as 105,

Enhanced growth of Tumours in vivo after Inocula-
tion of Tumour together with Spleen Cells Sfrom
Tumour Bearing Mice.

In order to investigate the influence of spleen ceffs
from tumour inoculated mice on tumour growik
vivo, the following experiment was carried out.
During 2 period of 30 days, eight groups of three
mice each received 4.4 x 105 tumour cells. 2 days
after the last group was injected (before any tumour

Fig 2. Inhibitory and stmulatory effect of adding spleen
cells from mice noculated with tumour to tumour 'wge(
celts. The spleen cells were pre-tncubated 3 days without
Con-A before addition to the target cells and thereafter
the reaction was stopped on day 1, 2 and 3. Significance
of differences between either experimental or normal cell
group and medium coritrol- ns = not significant, s = p
< 005.ss = p<00l,sss = p< 000l



Actually, recent observations by others point 10 &
certain degree of non-specificity especially of the
mamour enhancing activity of transferred spleen
alls (18} It is therefore of impeortance to clarify
whether the effects of the lymphoid system
described by us are expressed only with syngeneic
tmour target cells, and experiments are now being
carried out including target tumours of different
speaficities

The suthors thank Efse Nielsen and Jane Maller for
excellent technical asssstance and Catherine Hejgaard and
Agnete Thorborg for revising and typing the manuscript.
Ths work was supported by the Danish Sedical
Research Council {grant 512-5858).
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The stimulatory and inhibitory effect of spleen
cells from tumour bearing animals was clearly dose
dependent, sti ion being domi when the
spleen cell/target cell ratio was approximately
500:1 and inhibition when the ratio was 2000:1.
This correlated with the results of Medina &
Heppner (10) and Fiedler (4) who also found stimu.
fation with ratio 500:1 and inhibition with higher
ratios.

This dual behaviour in vitro of spleen cells from
tumour bearing mice could be explained by as-
suming the existence of one population of reactive
cells which are inhibitory when present in high and
stimulatory in low concentrations. This suggestion
would apply to the results obtained when testing
spleen cells at different times after inoculation of
tumour. An early period of strong inhibitory
activities was seen 5-16 days after tumour trans-
plantation. However, this activity declined or some-
times disappeared during the following weeks, often

vivo after transfer of cells inhibitory in vitro could
be explained as the effects of one population of
sensitized spleen cells having either inhibitory or
stimulatory capacity.

This assumption contrasts with the idea that
inhibitory and stimulatory effects of spleen cells are
mediated by two separate populations of sensitized
cells, namely inhibitory cells and enhancing cells,
respectively. In the work of Smal! & Trainin (13),
inhibiting and enhancing activity of spleen eells
from mice sensitized with tumour was separated by
velocity sedimentation. They found inhibitory acti-
vity associated with the fractions containing small,
slowly sedi ing cells and with the
larger, rapidly sedimenting cells. However, these
results do not exclude the possibility that the rapidly
sedimenting cell population contains some small
cells, and therefore the possibility exists that the
different activities of the cell fractions are simply
due to a different content of small reactive cells
causing ent in low and inhibition in high

resulting in stimulatory activity. This sti 44
effect would thus not be the result of a new
population of stimulatory cells, but simply the effect
of the reactive cells being present among the spleen
cells in such low concentrations that stimufation
oceurs.

It is important to emphasize that the spleen cells
used in the microcytotoxicity test were isolated by
means of Ficoll-Isopaque flotation. By this method 2
population of cells of a certain density is selected,
and this particular population may vary with time
after inocculation of tumour cells. On the other
hand, the preparation of spleen cells for transfer
experiments in vivo did not involve any fractiona-
tion procedure.

The result of the transfer experiments was a
strong tumour growth enhancement when spleen
cells from tumour bearing mice were added to the
tumour inoculum, as compared with the effect of
adding normal spleen cells or injecting tumour cells
alone. The injected spleen cells were also tested in
vitro in the MC-test, and there seemed to be a
correlation between inhibitory activity in vitro and
enhancing activity in vivo The ratio between spleen
cells and tumour cells injected was 7:1, i.e. much
lower than in the MC-test. It 1s therefore possible
that the cells causing inhubitton in witro cause
stimulation in vio because they are present in
relatively low concentrations after transfer to_ the

concentrations.

The tumour growth enhancement could also b
due to transfer of supressor cells inhibiting a8
immune response against the tumour. Admittedly,
the existence of suppressor cells is well documented
in some different systems. These include the T el
mediated suppression of antibody synthesis (8) and
the T and B cell mediated suppression of delayed
type hypersensitivity (1, 19). Also in the tumour-
host system suppressor cells may exist which
modulate an immune response against the tumour.
but the fact that 2 tumour grows in spite of the
presence of an immune response against it may §15°
be due to direct stimulatory capacity of the »im-
mune« lymphoid cells (12, 14, 15).

Such stimulatory reactions may be the result of
interactions between lymphocytes and weakly anti-
genic tumour cells. Strongly antigenic ceU§ may
induce cytotoxic reactions, as is the case during the
rejection of highly antigenic tumours, while wakl}:
antigenic tumours from a syngeneic source may
induce an i p which promotes the
tumour growth This relationship was demonstra-
ted by Spdrck (14, 15) and the present results seem
to give further support to the proposed immurfe
stimulation hypothesis for tumour growth. It is
conceivable that a strong immune response oorre-
sponding 1o a high concentration of reactive
Jymphoid cells inhibits the tumour, while the weak

T i Corr dingly, the cell P 4
which are less inhibitory or even stimulatory in
vitro become less stimulatory or non-reactive after
transfer in vivo because they are diluted. Thus, _lhe
findings of a concentration dependent in vitro
inhibition or stmulation of growth of tumour

immune response, represented by a lower concen-
tration of reactive cells, stimulates the tumour.

It must be emphasized, however, that the
stimulatory and inhibitory effect reported may not
be caused by immune reactigns in the strict sense,
ie. the may be of a non-specific nature.

target cells, and of tumour growth t in
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Actually, recent observations by others point t0 a
certan degree of non-specificity especially of the
tumour emhancing activity of transferred spleen
clis (18, 1t 15 therefore of importance to clarify
whether the effects of the lymphoid system
described by us are expressed only with syngencic
tumour target cells, and experiments are now being
amed out including target tumours of different
speaficrties.
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The stimulatory and inhibitory effect of spleen
cells from tumour bearing animals was clearly dose
dependent, stimulation being dominant when the
spleen cell/target cell ratio was approximately
500:1 and inhibition when the ratio was 2000:1.
This correlated with the results of Medina &
Hepprer (10) and Fiedler (4) who also found stimu-
lation with ratio 500:1 and inhibition with higher
ratios.

This dual behaviour in vitro of spleen cells from
tumour bearing mice could be explained by as-
suming the existence of one population of reactive
cells which are inhibitory when present in high and
stimulatory in low concentrations. This suggestion
would apply to the results obtained when testing
spleen cells at different times after inoculation of
tumour. An early period of strong inhibitory
activities was seen 5-16 days after tumour trans-
plantation. However, this activity declined or some-
times disappeared during the following weeks, often

vivo after transfer of cells inhibitory in vitro coud
be explained as the effects of one population of
sensitized spleen cells having either inhibitory or
stimulatory capacity.

This assumption contrasts with the idea tha
inhibitory and stimulatory effects of spleen cells ar¢
mediated by two separate populations of sensitizzd
cells, namely inhibitory cells and enhancing cells,
respectively. In the work of Small & Trainin (13),
inhibiting and enhancing activity of spleen cells
from mice sensitized with tumour was seperated by
velocity sedimentation. They found inhibitory act-
vity associated with the fractions containing small,
slowly sedi ing cells and with the
larger, rapidly sedimenting cells. Howeser, thest
results do not exclude the possibility that the rapidly
sedimenting cell population contains some smal
cells, and therefore the possibility exists that the
different activities of the cell fractions are simply
due to a different content of small reactive cells
causing in low and inhibition in high

resulting in stimulatory activity. This sti y
effect would thus not be the result of a new
population of stimulatory cells, but simply the effect
of the reactive cells being present among the spleen
cells in such low concentrations that stimulation
occurs.

It is important to emphasize that the spleen cells
used in the microcytotoxicity test were isolated by
means of Ficoll-Isopaque flotation. By this method a
population of cells of a certain density is selected,
and this particular population may vary with time
after inocculation of tumour cells. On the other
hand, the preparation of spleen cells for transfer
experiments in vivo did not involve any fractiona-
tion procedure.

The result of the transfer experiments was a
strong tumour growth enhancement when spleen
cells from tumour bearing mice were added to the
tumour inoctlum, as compared with the effect of
adding normal spleen cells or injecting tumour cells
alone The injected spleen cells were also tested in
vitro in the MC-test, and there seemed to be a
correlation between inhibitory activity in vitro and
enhancing activity 2 vivo. The ratio between spleen
cells and tumour cells injected was 7.1, i.e. much
lower than in the MC-test. It is therefore possible
that the cells causing hibition in vitro cause
stimulation in vive because they are present in
relatively low concentrations after transfer to the

iDi T dingly, the cell

concentrations.

The tumour growth enhancement could fdso be
due to transfer of supressor cells inlu"bi!{ns 0
immune response against the tumour. Admittedly.
the existence of suppressor cells is well documented
in some different systems. These include the Tel
mediated suppression of antibody synthesis (8)and
the T and B cell mediated suppression of delajed
type hypersensitivity (1, 19). Also in th'e tumour-
host system suppressor cells may exist which
modulate an immune response against thg umour.
but the fact that a tumour grows in sgue of the
presence of an immune response against it may %“"
be due to direct stimulatory capacity of the »im-
mune« lymphoid cells (12, 14, 15). :

Such stimulatory reactions may be the result o
interactions between lymphocytes and weakly anti
genic tumour cells. Strongly antigenic oel{s may
induce cytotoxic reactions, as is the case during the
rejection of highly antigenic tumours, while weakly
antigenic tumours from a syngeneic source may
induce an immune response which promotes the
tumour growth This relationship was demonsté-
ted by Sparck (14, 15) and the present resu'hs seem
to give further support to the proposed immuce
stimulation hypothesis for tumour growth. Itis
concejvable that a strong immune response oor}'f-
sponding to a high concentration of reactiv¢
lymphoid cells inhibits the tumour, while the wek
i response, represented by a lower concen-

which are less i y or even sti Y in
vitro become less stimulatory or non-reactive after
transfer in vivo because they are diluted. Thus, the

tration of reactive cells, stimulates the tumour.
It must be emphasized, however, that the
imulatory and inhibitory effect reported may not

i in vitro
findings of a co
inhibition or stimulation of growth of tumour

target cells, and of tumour growth enhancement in
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be caused by immune reactipns in the strict sense.
ie. the phenomena may be of a non-specific nature.
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The presence of an Fey receptor 11 choroid plexus may be of significance for the transfer of 1gG from blood
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Cerebrospunal fluid {CSF) contains low concentrations
of immunoglobulins as compared to serum (2, 13} The
Mechamsm by which transfer of immunoglobulins from
bood to CSF occurs 1s mot well understood (4)
Approxmately half the CSF 1s produced from choroid
Flexus m the ventricles of the bram (8) At least some of
the immunoglobulins are produced at these sites (5. 13)
Epithelia) cells in chorond plexus are connected with tight
Jncuons, and transport of macromofecules across the
pithelium 15 greatly restricted {blood-CSF-barrer) It
has been suggested that albumun and gammaglobulins are
actively transported through pmocytoic vesicles in the
tpithelial cells (2, 3, 10)

The data presented here 1ndicate that human choroid
Plexus possesses receptors with specificity for the Fey
Portion of 1gG These have aspects similar to the
comesponding receptors 10 human placenta (7) which
Drobably are of sigasficance un the transfer of 1gG from
mother 1o foetus (1)

Materials and Methods

Tissue Human chorold plexuses were obtained at
autopsies performed 1n the Department of Pathology 9—
20 b after the death of patients suffering from cardyac

1nfarction and without systemic disease Specimens from
other organs were provided by the Department of
Surgery Small pieces of ussue were rapudly frozen in
hiquid mutrogen and mounted on specimen holders for
preparation of tissue sections. Preces of tssues were also
fixed In 4% for i

The remaining ussue was frozen embedded in PBS and
wrapped 1 plasuc bags for storage at =25° C

Sera Antserz (o human immunoglobulins, albumin,
Clq and C3 were purchased from Behringswerke, AG,
Marburg, Lahn, West Germany. Antsera to sheep
erythrocytes were produced by immunization of rabbits.
. Tl'{e sera were heated at $6° C for 30 mun in order to
inactivate complement Sera from patients with infec-
Uous mononucleosis were selected from material sent for
Toutne serology.

Serum fractions Human 3G Uracvon 11, 16,5%
solution) was purchased from AB Kab, Stockholm, and
human albumin from Behringmerke, AG. Rabbit 15G
was oblained by ammonium sulphate precipitation of
::;n;:ls;nlmdl;ol{:\ed by gel filtration. Monoclonal

IBA an M owe
buman wmmﬁ o re the same purified preparations
138G fragments. Rabbu Flab), and
Faby fragmeats were prepared . semraneer
Stewart et af (1) Human and rabbyy Foy (ragments
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Cerebrospinal flurd (CSF) contains fow concentrations
of immunoglobulins as compared to serum (2, 13). The
echanysm by which transfer of immunoglobulins from
bood @ CSF octurs 15 pot well understood (4)
Approumately half the CSF 1s produced from choroid
Plexus 1n the ventricles of the bram (8) At least some of
the immunoglobulins are produced at these sites (5, 13)
‘Epithelial cells 1n choroid plesus are connected with Ught
Juactions. and transport of macromolecules across the
pithelum 15 greatly restncted (blood-CSF-barner} It

2 beent s d that alburmn and
ictively transported through pinocytotic vesicles m the
epithelaal eells (2, 3, 10)

The data presented here indicate that human chorod
plexus possesses receptors with speifity for 1he Fey
Porwon of JgG These have aspects similar 1o the
corresponding receptors 1n human placenta (7) which

probably are of significance in the transfer of IgG from
other o foetus (1)

Materials and Methods

Tissue Human chorod pleTuses were obtained a1
Jmopsies performed in the Department of Pathology 9=
0 b after the death of patients suffenng from cardiac

infarction and without systemic disease Specimens from
other organs were provided by the Depanment of
Surgery Small pieces of tssue were rapidly frozen in
liquid wutrogen and mounted on speamen holders for
preparation of trssue sections Pieces of tissues were alsa
fixed in 4% for i i
The remaiung tissuc was frozen embedded in PBS and
wrapped in plasuc bags for storage at ~25° C

Sera Anuiserz to human immunoglobulns, albumin,
Clq and C3 were purchased from Behringswerke, AG,
Marburg, Lahn, West Germany. Antisera to sheep
erythrocytes were produced by immunization of rabbits

The sera were heated 2 56° C for 30 mun 1n order to
nacuvate complement. Sera from patents with infec-
tious mononucleoss were selected from material sent for
Toutine sesology.

Serum fractions Human 1gG (fracuon 11, 16,5%
solution) was purchased from AB Kaby, Stockholm, and
human albumun from Behnngwerke, AG Rabbit IeG
was obtained by ammotum sulphate preciprauon of
normal serum followed by gel fiftrauon. Manoclonal
burman IgA 2nd 1gM were the same purified preparations
as used previously (7)

1¢G fragments Rabbit Flab); and Fach, and human
Flab), fragments were prepared in accordance with
Stewart et al (11). Human and rabbit Foy fragments




were prepared as described by Rossi & Nisonoff (9). The
various preparations were pure, as shown by immunoe-
is and double diffi in agar. The protein

of the were

TABLE 1. Haemadsorption of EA%) to Tissue Sections
Effect of Rabbit IgG and IgG Fragments in the EA
Suspension

assuming

1%
E —— 280 pm=14.6.
1em

Haemadsorption with lissue sections. The procedure
with tissue sections was the same as described previo-
usly, using a closed chamber technique (i2). The
concavity of a microculture slide was filled with the
indicator cells. A coverglass with a cryosut section of
frozen tissue was placed on the slide with the section in
the centre of the concavity pressed together and placed
with the coverglass facing downwards 10 allow the cells
to settle on the tissue sections. After 30 min at room
temperature the slides were turned and left for indicator
cells to detach from the glass and from non-reactive
tissue to settle into the concavity of the microculture
slides.

The indicator cefls (EA) were prepared by seositizing
sheep erythrocytes (E) with rabbit IgG antibodies (A) in
varying amounts expressed as agglutinating units. One
agglutinating unit is defined as the amount of the highest
dilution of antiserum which agglutinates an equal
amount of 1% suspension of E. For some experiments,
sheep E were sensitized with Flab’); or Facb prepared

EA suspended in IgG or

Type of tissue  Saline I8G fragmentst)
G Fab)y Fc Fad
Choroid plexus I+ - 3+ - 34+
Placenta + - 3+ - 3+
Spleen 3+ - 3+ - 34+

2) EA = sheep erythrocytes sensitized with rabbit kG
b} Final concentration, | sg/ml.

choroid plexuses were detected. The EA were properly
sensitized as shown by the reaction with the Fey posithe
areas of hver, spleen and placenta (7, 12). Rabbit E
sensitized with human IgG were also adsorbed, wheress
E prepared with human IgM or salivary IgA were not
These results indicate that the human choroid plexus
contains receptors for 13G.

‘The preferential binding of IgG was further substantt-
ated by the results obtained in inhibition expenments.
Rabbit and human IgG (Table 1) inhubited e
haemadsorption to choroid plexus, whereas human A,
1gM and albumin did not, even at a concentration of 16
mg/ml. The haemadsorption was dependent on complete
les, as shown by the lack of reactivity with E

from rabbit A, or with IgM from i
mononucleosis sera or rabbit E sensitized with human
natural IgG or IgA antibodies.

Haemadsorption was graded as 3+ when EA
appeared in multilayers attached to the tissue, and as 2 +
and | + when the tissue was covered by EA in tight
monolayers or by single cells, respectively. Furthermore,
the adsorbed EA appeared in a diffuse or focal pattern.
Fixation and staining of the preparations were performed
as described earlier (6).

Inhibition of haemadsorption. In these experimernts E
were sensitized with the least amount of A givinga 3+
h ption. EA were ded in albumin or in
the immunoglobulin preparations to be fested for
inhibiting activity, The final concentrations of the
preparations were § mgfml. 1 te preparations contar-
ned agglutinins to E, they were exhausted by absorption
with E before use In some experiments the tissue
sections were incubated with the anusera mentioned m
varions dilutions and washed tn PBS before the EA were
applied.

Results .
Cryostat sections of human choroid plexus were tested

with the various EA preparations sensitized to varying
degrees from 4 — % agglutinating units. W{m strongly
sensitized IgGEA (4 and 2 agglutinating units), a]lnfos(
the whole sections were covered. Using weaker sensitiza-
tion, the EA attached in a focal pattern and appanmjy
mainly to the epithelial tissue. No signiﬁ_am differences
in reactivity with specimens from 8 different human
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IgG
sensitized by Flab")z or Facb fragments of rabbit A, aven
in agglutinating amounts. In additon, neither rabbit
Flab)z Facb nor human Flab); fragments (4 mg/ml)
inhibited the adsorption of IgGEA, in contrast 10 e
marked inhibition obtained with Fey fragments {Table
.
Sections of choroid plexus were also incubated #1th
rabbit antiserum to human immunoglobulins. C19.C3
and albumin, before incubation with 1gGEA. Eithet 1o
inhibition was found or there was inconstant inhibitof
at Jow dilutions .
The influence of temperature on the hacmadsor‘v:r\x
activity was investigated by performing the test at 4°C,
20°C and 37°C. No difference in the degree of
haemadsorption was recorded Formaldehyde fixed 2nd
haematoxylin and eosin (H&E) stained sectons of e
choroid plexuses 1nvestigated showed nofmal structure
with epithelial, endothelial and some stromal eelis. and
no mfiltration of monocuclear cells.

Discussion

The results obtained show that human choroid plexus
possesses a receptor for the IgG molecule. The results
obtained in experiments with various f{ragments of
human and rabbit IgG indicated strongly that he
receptors reacted with the Fc portion of 1gG molecules
The lack of binding of Facb suggests that the Cy3 region
is of importance for the binding. These properties of he
choroid plexus receptor are similar to those of ’(he
placenta Fey receptor. Further similacities of the reacion



were indepence  of temperatures  between  4°C
and 37°C and the lack of blocking with antisera to
immunoglobulins, C3 and albumin The pattern of
binding indicated that the receptors are located at the
eprthelia) ussue In order 1o obtain a more precise
loctlmation of the Foy receptors, expenments with
mmune complexes of horseradish peromidase (HRP)-
rabhit IgG anu-HRP are in progress.

The presence of Fey receptors in human chorord
plexus may be of sigmficance for the transport of 128G
from blood to the cerebrospinal flurd At Jeast some of
the 1¢G 1s transferred through the choroid plexus (5) The
presence of pinocytotic vesicles in the epithehial cells of
the plexus indicates the existence of acuve transport
mechanisms for macromolecules (2, 3) The lack of IgA
wesrebrospiaal fluid from brain ventricles (13), 1 spite
of a similar molecular weight with 1gG, gives further
support to the assumpuon that the Foy receptor may play
2 mle 1 the transfer of IgG from blood to the
cerebrospinal flud

This work was supported in part by a grant from the
Noryegian Cancer Society
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‘were prepared as described by Rossi & Nisonoff (9). The
various preparations were pure, as shown by immunoe-
I horesis and double diffi in agar. The protein

TABLE 1. Haemadsorption of EA%) 1o Tissue Sections
Effect of Rabbit IgG and IgG Fragmenis in the Fi
Suspension

of the were

assuming

1%
E —— 280 pm=14.6.
lem

Haemadsorption with tissue sections. The procedure
with tissue sections was the same as described previo-
usly, using a closed chamber technique (12). The
concavity of a microculture slide was filled with the
indicator cells. A coverglass with a cryostat section of
frozen tissue was placed on the sfide with the section in
the centre of the concavity pressed together and placed
with the coverglass facing downwards to allow the cells
10 settle on the tissue sections After 30 min at room
temperature the slides were turned and left for indicator
cells to detach from the glass and from non-reactive
tissue to settle into the concavity of the microculture
slides.

The indicator cells (EA) were prepared by sensitizing
sheep erythrocytes (E) with rabbit IgG antibodies (A) in
varying amounts expressed as agglutinating units. One
agglutinating unit is defined as the amount of the highest
dilution of antiserum which agglutinates an equal
amount of | % suspension of E. For some experiments,
sheep E were sensitized with Flab’); or Facb prepared

EA suspended in 1¢G or

Type of tissue  Saline 15G fragmentst)
G Fably Fe Fad
Choroid plexus 3+ - 3+ - 3+
Placenta 3+ - 3+ - 3+
Spleen 3+ - 3+ - 3+

3) EA = sheep erythrocytes sensitized with rabbut 1§G
) Final concentration, | mg/mi.

choroid plexuses were detected. The EA were properly
sensitized as shown by the reaction with the Fey posiuse
areas of liver, spleen and placenta (7, 12} Rabbit E
sensitized with human IgG were also adsorbed, whtreas
E prepared with human IgM or salivary IgA were not.
These results indicate that the human choroid plens
contains receptors for 18G.

‘The preferential binding of IgG was further substanti-
ated by the results obtained in inhibition experiments
Rabbit and human IgG (Table 1) inhbited the
haemadsorption to choroid plexus, whereas human Tg.
1gM and albumin did not, even at a concentration of 1§
mg/m). The haemadsorption was dependent on complete
12G as shown by the lack of reactivity wihE

from rabbit A, or with 1gM antibodies from
mononucleosis sera or rabbit E sensitized with human
natural IgG or IgA antibodies

Haemadsorption was graded as 3+ when EA
appeared 1n multilayers attached to the tissue, and as 2+
and 1+ when the tissue was covered by EA in tight
monolayers or by single cells, respectively. Furthermore,
the adsorbed EA appeared in a diffuse or focal pattern.
Fixation and staining of the preparations were performed
as described earlier (6).

Inhibition of haemadsorption In these experimernts E
were sensitized with the least amount of A givinga 3+
h ion EA were ded in albumin or in
the immunoglobulin preparations to be tested for
inhibiting actwvity. The final concentrations of the

sensitized by Flab); or Facb fragments of rabbit A. 612
in agglutinating amounts. In addition, neither rabbit
Flab)y Fach nor human Flab’)y fragments (4 mg/ml)
inhibited the adsorption of IgGEA, m contrast 10 the
marked inhibition obtained with Fey fragments (Table
n .
Sections of choroid plexus Were also incubated with
rabbit antiserum to human immunoglobulins, C1 Q. a
and albumin, before incubation with IEGEA Exther 70
inhibition Was found or there Was inconstant inibiten
at low difutions
The influence of temperature on th .
activity was investigated by performing the test at 4C
30°C and 37°C No difference in the degree of
tion was recorded Formaldehyde fixed and

e haemadsorbing

preparations were )} mg/mi If the prep: contat
ned agglutinins to E, they were exhausted by absorption
with E before use. In some experiments the tissue
sections were 1ncubated with the antisera mentioned in
various dilutions and washed in PBS before the EA were
applied.

Results

Cryostat sections of human choroid plexus wmm}ed
with the various EA preparations sensitized to varying
degrees from 4 — /; agglutinating units ‘Vl'!.h strongly
sensitized 1gGEA (4 and 2 agglutinating units), al'most
the whole sections were covered. Using weaker sensitza-
tion, the EA attached in 2 focal pattern and appa:enﬂy
mainly to the epithelial tissue No significant differences
in reactivity with specimens from 8 different human
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haematoxylin and eosin (H&E) stained sections of Wbt
choroid plexuses mvestgated showsd normal strucfure
with epithelial, endothelial and some stromal cells. and
no infiltration of monocuclear cells

Discussion

The results obtaned show that human choroid plesus
possesses a recepior for the 1gG molecule. The muks'
obtained 1 expeniments with various fragmenis ol
buman and rabbit 1§G indicated strongly that ¢
receptors reacted with the Fc portion of 1sG molecules-
The lack of binding of Fach suggests that the Cy3 region
is of importance for the binding. These properies of the
choroid plexus receptor are similar to those of _lhg
placenta Fey receptor. Further simularities of the reactio?
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PROTECTIVE ANTITOXIC CHOLERA IMMUNITY IN MICE:
INFLUENCE OF ROUTE AND
NUMBER OF IMMUNIZATIONS AND MODE OF
ACTION OF PROTECTIVE ANTIBODIES

S LANGE and J HOLMGREN
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Lznge. S & Holmgren J Protectne antitoxic cholera immunity 1n mice Influence of route and
number of immunizations and mode of action of protective antbodies  Acta path macrobiol scand
Sect C, 86 145~152, 1978

An adult mouse model has been elaborated for studies of expenimental cholera (Vebrio cholerae
enterotoxin-induced intestinal secretion) and Protecing anlloxic immunity 1n erther ligated small bow el
loops or intact small intesune Mice of different nbred swrans samed markedly n intesunal
suscepubility to toxin, CSTBI being the most sentive straim tested Fluid accumulation staried within
I h after the mocutation of toxin and was maxtmal after 5 h. whereafter recovery gradually ensued
The dose-response cune was sigmowd. the EDso of crude toun being equnalent 1o about 01 pg
punfied twoxmn/em m the loops and 03 pg/cm n the nonligated intestine Two peroral (po)
mmunizations induced sigmificant protective immunity which increased markedly afier two further
immunizauons by the same route Addional po immunizations did not appreciably enhance the
protective tmmunity any further Intravenous v ) vaccosnation had to be repeated more than § umes
before ntestnal mmmumty could be observed No correlation betwcen serum anutoun titers and
protecuve immunity was found Electron microscopic examinauon revealed that whereas peroudase-
coupled cholera toxin bound ughtly 10 intestnal mucrovih from umimmunized or S-times 1v
mmunized mice 1t did not bind to the mcrovilli of po smmunized ammals The data thus suggest that
the protecuve immunity 15 mediated exclusively by locally produced antibodies which present the
binding of toxin to the gut epsthehum

Key words Vibrio cholerae enterotoxin. expennmental cholera, mouse model, protective immunization,
local immunity. peroxidase-conjugated cholera 1oxin
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The enteratoxin of Vibrio cholerae has been
shown to induce experimental diarrhoea when
injected intestinally m several anmal spectes mclu-
ding dogs {15}, rabbuts {12}, hamsters (3), chinchil-
125 {4) and rats (1) The mouse would represent an
especially suitable test ammal for several reasons. It
1s cheap, easy to handle, and available in several
genetically homogenous. inbred strains. Suckling
mice have recently been successfully used in

2analysing the diarrheogenic effect of live V. cholerge
2s well s cholera toxin (2, 5, 11, 16,17) Although
useful for Passive immunization studies of protec-
tion by antiserum of immune milk (5, 1, 16,17
the infant mouse modef is obviously not suitable ful:
investigations of the intestinal response obtained
du'nng the active immunization, Fujita & Finkels-
fein described a single loop-intestynal assay
ﬂd\{ll mouse which they claimed to be 1
estimation of toxin induced diarrhoen as

in the
seful for
well as of






RESULTS

Experimental cholera in intact and ligated small
untestine Four inbred strains of mice were tested for
ntestnal secretory responsiveness to ¥ cholerae
enterotonin Graded doses of crude cholera tovin
were injected into higated small bowel loops or the
intact small intestine and the fluid accumulaton
egistered § b later. Atlow touin doses the response
differed markedly between the mouse strains,
C57B) being most and DBA least sensitnve (Table
1). The mauimal intestinat secretory capacity. on the

TABLE ! Differenr Responsheness of Mice of Various
Inbred Strains to Intesnnal Challenge with Cholera Toan

Flud accumulauion {mg w eight tncrease/em intestine®!

PS Intact intesune
Crude toun challenge. mg
s 100 25 4

Mice 15

Cs7B) 47 110 162 96 16
Alsn 29 82 NT» 63 NT
Balb/c 23 8 NT 07 NT
DBa/1 15 20 175 36 $s

¥ each value 15 the mean of 4 amimals
b NT. not tested

other hand. did not seem to differ appreciably
beween the swrans, sioe CS7BL and DRA
produced a simular fluid volume per cm intestine
afier challenge with a high dose of toxin 1 the loop

mited with specific antiserum to purified cholera
enterotoxin or incubated at 56° C for 30 min before
being used for challenge. These treatments totally
abolished the capacity of the crude totin to induce
intesunal Nuid secreuon (Table 2)

The dose-response relationship was tested in
Tigated Joops as welt as in the non-ligated intestine.
In the loops half-matimal Muid accumulation was
produced by about 2.5 mg {0 $ mgfem)of the crude
totin (Fig 12} In the intact intestine EDgo was
about $0mg, ie. ) mg/em (Fig. 1b). Controt
experiments in the loop assay with purified cholera
toun gave a very similar dose-response cunve, EDso
being 10 pg (not shown).

The time course of Muwd accumulation in the iteal
loop and the intact intestine in respons¢ to cholera
touin was analysed {Fig 2) In both systems the
maxtmal response was attained about 5 h after the
touin admunsstration Thereafier the intestinal we-

t/*

/

svem (Table 1) The subsequent studies were w125 5 0 20
Derformmed w CSTB mice e MG CRUDE ToXN
Toascertain that the intestinal fluid
oduced by the crude cholera toun was an %] L
enterotoxin specific effect. a high dose of toxin was /
$
50 / by
TABLE 2 Specsficins in Action of Crude Cholera Toxn 3
on Intestinal Flud Accumulation g
40-
Weight (mg/cm)
Challenge Intestinal Intact small ¢
loop. intesuine
028
Toxnal >
135 +80) 4793 s ——p—————
Toun, 56°Cfor 30mn 2784 26322 i VG cR 0
Totn + antuserymnt 2813 251 =3 Fig 1 Dose. CPDE Toxm
PBS %24 M6e2 iz “response relationship between intestnal

® Toxin challenge 1n the loops were 5 0 mg. and n the
s sl antesune SO me (crude toxim)
OXn was incubated with an equal volume of
antiserum for 30 min at 37°C prior 1o the challenge

]
© Mean = SEM of S-animal groups.

of 5 ammal groups are shown



protective antitoxic immunity (8). In conurast, Lepor
& Banwell recently classified the adult mouse to be
unresponsive to intestinal toxin challenge (13). In
this study we have further explored the possibilities
of using mice for investigations of experimental
cholera and antitoxic immunity. The specific
objectives were: 1) to define conditions for produc-
tion of experimental diarrhoea by cholera toxin in
adult mice, and 2) to evaluate the protective
antitoxic immunity after enteral and parenteral
immunization.

MATERIALS AND METHODS

Mice. Inbred 8 to 12 week old mice of four strains
(C57B1/6J, DBA/1J, A/Sn, Balb/c) were used. Within
each experiment the animals were of the same sex and
differed no more than 10 days in age and § g in weight,
precautions which are important to dimimsh individual
variation.

Cholera toxin Highly purified cholera toxin (7,
Schwarz-Mann, Orangeburg, N.Y.) was used for immu-
zation and for sensitization of sheep erythrocytes. For the
intestinal challenge experiments crude cholera toxin was
used [t was prepared by dissolving freeze-dried culture
filtrate of V. cholerae (1ot 4493G, National Institutes of

loops injected with PBS never revealed any positne
reactions. Food and water were excluded and when not
specified otherwise the mouse was sacrificed after S h
The length of the loop was measured, and the foop with
the accumulated fluid weighed This gave considerably
greater accuracy than volumetric measurement of the
secreted fluid, since the total volume was small

b. Intact small intestine. Experimental cholera was
also produced in the non-ligated mouse intestine. After
the abdomen had been opened 0.5 ml tovin was inpected
into the upper duodenum. The animals, depried of food
and water, were usually sacrificed after S h The small
intestine was carefully freed from the mesentenc tissue,
the length measured, and the intestine with accumulated
fluid weighed.

<. Protection by immunization. The fluid accumulation
induced by cholera toxin in the ligated or non-ligated
intestine was found to be dose-dependant w hen estimated
in i ized as well as i ized animals The
dose-response curve was typically S-shaped in both
systems and the EDsg value, ie. the toxin dose gning
half-maximal fluid ion, was i d bet-
ween the upper and lower asymptote The protecine
effect of immunization — the protective factor = was
estimated as the ratio between the EDso values of the
vaccinated and concurrently tested non-immunized con-
trol groups

Passive haemolysis. Antibodies 1o cholera totin were
determined with a passive haemolysis technique Sheep

were ized by i S0p of

Health, Bethesda, Md) in sterile water and dialysing the
solution for 24 h against distilled water. The dialysed
toxin was concentrated |0-fold against polyethylenegly-
col and stored in aliquots at —20° C until used. Single
radial immunodiffusion tests against specific antitoxin
antiserum indicated that 1 mg of culture filirate in the
described form of crude toxin was equivalent to 0 3pg of
purified toxin, and this value was confirmed by toxicity
assays in higated intestinal Joops of rabbits.

h i: 1 (IV) injecti were

ery
packed, washed cells with § pg of highly purified cholera
toxin in 0.5 mt PBS at 4° C for 40 minutes. The coated
cells were washed 3 times 1n PBS and adjusted to the
desired cell density. Serial ditutions of heat-inactiated
serum, which had been absorbed with uncoated sheep
erythrocytes, were mixed with an equal volume (50 p”(?r
the sensitized erythrocytes. Twenty-five i of guinea pi¢
complement diluted 1:10 was added and the muture
i at 37° C for about 2h and then read

given n the lateral tail vein m a volume of 01 ml
Control mice were similarly injected with phosphate-
buffered saltne (PBS, 0.05 M phosphate. 0.14 M NaCl.
pH 7.2) Peroral (p o) immunization was obtained by
instillation via a baby feeding tube marked 4 cm from the
end under light ether anesthesia. The toxin. 0 25 ml. was
mixed with 0.25 ml of NaHCO3 (100 mg/ml. pH 8 §)
before the msutlatton The bicarbonate was shown to
neutralize the gastric acid for about | h without affecting
the toxin Mice given a total of 0 5 ml bicarbonate — PBS
solution were used as controls

Assays of Experimental Cholera and protective Immunity

a Ligated loops Mice. fasted for 24h but not
deprived of water. were anesthesized w:}h Elhe.r. the
abdomen opened, and the small mtestne ligated in two
6-8 cm long loops starting approumately 10 cm from
the duodenum The loops were myected with different

macroscopically for haemolysis Uncoated cells it
presence of serum and complement, as well as coated
cells in PBS and complement were tested as negathe
controls.

Binding of peroxidase coupled CT 1o intestinal mucosa
Coupling of peroxidase to purified cholera totin was
done as described elsew here (Lange, S, Hansson, H4
& Nvgren, H . to be published). Radial immunodiffusion
(Mancim) tests revealed that the stope for concentration
vs halo precipriate area was similar for coupled and
native toxin, indicaung that the couplng procedute had
not denatured the toun The labelled toun was

active fluid accumulation in the
mouse loop assay when tested 1n a dose of 4 p¢ Small
pieces of mtestinal tissue from vaccinated or control mw;
were incubated at 37° C for 30 mun with 6 pg/m! o
peroxidase-coupled cholera toxin 1 TC 199 mt.‘dlum
(Flow laboratories, Svenska AB, Solna) The specimens

were fixed with 3% glutaraldehyde in 0 15 M cacody-
1ate-bulTe with diamino-benzidine substraté

doses of toxin n a volume of 0 2 mt, and the abd
closed with agraffes Control loaps were not done
because a large number of experiments had shown that
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and embedded in Epon. Thin sections were examined in
an electron microscope



RESULTS

Experimental cholera in intact and ligated small
intestine Four inbred strains of mice were tested for
intestinal secretory responsiveness to V. cholerac
enterotoxin Graded doses of crude cholera toxin
were injected 1nto ligated small bowel loops or the
intact small intestine and the fluid 2ccumulation
registered § h later. At Jow toxin doses the response
differed markedly between the mouse strains,
C5781 being most and DBA least sensitive (Table
1) The maximal intestinal secretory capacity, on the

TABLE | Different Responsheness of Mice of Various
Inbred Strawns to Intestinal Challenge with Cholera Toxin

Huid accumulatien {mg weight increase/cm intestine™

Loops Intact intestine
Crude toxm challenge, mg
5 100 25 4

Mice 15

Cs7B1 47 110 162 96 13
AlSn 29 82 NT® 631 NT
Balb/c 23 28 NT 07 NT
DBA/1 15 20 175 36 55

2 each vatue 15 the mean of 4 animals
¥ NT.not tested

other hand, did not scem to differ appreciably
betseen the strams, since CSTBI and DBA
Produced a simifar flud volume per cm intestine
after challenge with a high dose of toxin i the loop
fysem (Table 1) The subsequent studies were
Performed 1n CS7BI mice
Toascertain thiat the intestinal flusd

mixed with specific antiserum to purified cholera
enterotoxin or incubated at 56° C for 30 min before
being used for challenge. These treatments totally
abolished the capacity of the crude toxin to induce
intestinal Nuid secretion (Table 2)

The dose-response relationship was tested in
ligated loops as well as in the non-ligated intestine.
In the loops half-maximal fluid accumulation was
produced by about 2.5 mg {0 4 mg/cm) of the crude
toxin {Fig 12} In the intact intestine EDgo was
about S0mg, ie 1 mg/cm (Fig. Ib). Control
experiments in the loop assay with purified cholera
toxin gave a very similar dose-response curve, ED g
being 1 0 pg (not shown).

The ume course of fluid accumulation in the ileal
loop and the intact sntesting in response 1o cholera
toxin was analysed (Fig 2) In both systems the
maximal fesponse was attained about $ h afier the
toxin adminmistration Thereafier the intestinal we-
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tnduced .by the crude cholera toxn was an
¢nterotoxin specific effect, a high dose of toxin was

TABLE 2 Specificity in Action of Crude Chofera Taxin
on fntestinal Flud Accumlation

Weight {mg/cm)
Challenge Intesunal  Intact small
loop intestine
Tonas)
135+ 80 47923
Toun S6°Clor 30min 27824 26322
oA+ aniserym 8223 25123
26224 276=12

¥
Toxn chatlenge in the loops were § 0 mg, and in the
N ;\uu small intestine S0 mg (crude toxn)
K0 Was mcubated with an equal valume of
m for 30 min at 37° C prior to the challenge

N antsery,
“ Mean £ SEVf of S.amimal groups

25 50 1

o MG CR%E TONIN 0
Fig 1 Dose-response relationship between mtesunat
toxin challenge and fluid accumutation 1n (a) igated
toops and (b) intact intestine The relative werght (mg/
<m) of control intestine (saline-injected loaps or mlag

mtestine (o). and intestine challenged with various mxnﬂ
doses (@) ate shown, the difference representing |hn
fluid accumulation Mean values + SEA{ (vertical by 5
of $ amimal groups are shown i



protective antitoxic immunity (8). In contrast, Lepor
& Banwell recently classified the adult mouse to be
unresponsive to intestinal toxin challenge (13). In
this study we have further explored the possibilities
of using mice for investigations of experimental
cholera and antitoxic immunity. The specific
objectives were: 1) to define conditions for produc-
tion of experimental diarrhoea by cholera toxin in
adult mice, and 2} to evaluate the protective
antitoxic immunity after enteral and parenteral
immunization.

MATERIALS AND METHODS

Mice Inbred 8 to 12 week old mice of four strains
{C57B1/6J, DBA/1J, A/Sn. Balb/c} were used. Within
each experiment the animals were of the same sex and
differed no more than 10 days in age and § g in weight,
precautions which are important to dimimsh individual
variation.

Cholera toxin Highly purified cholera toxin (7;
Schwarz-Mann, Qrangeburg, N.Y.) was used for immu-
zation and for sensitization of sheep erythrocytes. For the
intestinal challenge experiments crude cholera toxin was
used. It was prepared by dissolving freeze-dried culture
filtrate of V. cholerae (lot 4493G, National Institutes of
Health, Bethesda, Md) in sterile water and dialysing the
solution for 24 h agamnst distilled water. The dialysed
toxin was concentrated [0-fold against polyethylenegly-
col and stored in aliquots at —~20° C until used. Single
radial immunodiffusion tests against specific antitoxin
antiserum 1ndicated that 1 mg of culture filtrate in the
described form of crude toxin was equivalent to 0 3pg of
purified toxin, and this value was confirmed by toxicity
assays in ligated intestinal loops of rabbits.

Immuonzations  Intravenous (1.v) injections were
given 1n the lateral tail vemn n a volume of 0.1 mt
Control mice were similarly injected with phosphate-
buffered saline (PBS, 0.05 M phosphate, 0.14 M NaCl,
pH 7 2) Peroral (p o) immunization was obtained by
nstillation via a baby feeding tube marked 4 cm from the
end under light ether anesthesta The toxin. 0 25 ml, was
mixed with 0 25 ml of NaHCO3 (100 mg/m), pH 8 5)
before the instillaton The bicarbonate was shown to
neutralize the gastric actd for about 1 h without affectng
the toxin Mice given a total of 0 5 ml bicarbonate — PBS
solution were used as controls

Assays of Experimental Cholera and protectns e Immunity

a Ligated loops Mice. fasted for 24h but not
deprived of water, were anesthesized with ether. the
abdomen opened, and the small intestine ligated 1n two
6-8 cm long loops starting approximately 10 cm from
the duodenum The loops were infected with different
doses of toxin n a volume of 0 2 mi, and the abdomen
closed with agraffes Control loops were mot done
because a large number of experiments had shown that
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loops mnjected with PBS never revealed any posnwve
reactions. Food and water were excluded and when not
specified otherwise the mouse was sacrificed afier Sk
The length of the loop was measured, and the foop with
the accumulated fluid weighed. This gave considerably
greater accuracy than volumetric measurement of the
secreted fluid, since the total volume was small

b. Intact small intestine. Experimental cholera was
also produced in the non-hgated mouse intestine. After
the abdomen had been opened 0 5 ml toxin was injected
into the upper duodenum. The animals, deprived of food
and water, were usually sacnficed after 5h The small
intestine was carefully freed from the mesenteric issue,
the length measured, and the intestine with accumulated
fluid weighed.

<. Protection by immunization. The fluid accumulation
induced by cholera toxin in the ligated or non-tigated
intestine was found to be dose-dependant when esumated
in i as well as i d animals The
dose-response curve was typically S-shaped in both
systems and the EDsq value, ie the toxin dose giving
half-maximal fliid accumulation, was interpolated bet
ween the upper and lower asymptote. The protective
effect of immunization — the protective factor — was
estimated as the ratio between the EDso values of the
vaccinated and concurrently tested non-immunized con-
trol groups.

Passive haemolysis. Antibodies to cholera totin were
determined with a passive haemolysis technique. Sheep
erythrocytes were sensitized by ncubating 50 pl of
packed, washed cells with 5 pg of highly punified cholerz
toxin in 0.5 ml PBS at 4° C for 40 minutes. The coated
cells were Washed 3 times in PBS and adjusted to the
destred cell density. Sersal dilutions of heat-inactivated
serum, which had been absorbed with uncoated sheep
erythrocytes, were mixed with an equal vulume(5.0 yl)tlrf
the d erythrocytes Twenty-five pl ofgumiln pig
complement diluted 1.10 was added and the mitture
incubated at 37° C for about 2h and then read
macroscopically for haemolysts Uncoated cells m
presence of serum and complement, as well as coa.(ed
cells 1n PBS and complement were tested as negative
controls

Binding of peroxidase coupled CT to intestinal mucosa
Coupling of peroxidase to purified cholera ton #2s
done as described elsewhere (Lange, S . Hansson, H A
& Nvgren, . to be published) Radial mmunodiffusion
(Mancini) tests revealed that the slope for concentrauon
vs halo precipitate area was similar for coupled and
native toxin, indicating that the coupling proced}:re had
not denatured the toxtn The labelled totin W3S
b iy active fluid I in the
mouse loop assay when tested in a dose of 4 ng Smafl
pieces of intestinal tissue from vaccinated or control mict
were incubated at 37° C for 30 min with 6 pe/ml of
peroxidase-coupled cholera town in TC 199 msdlu\‘"
(Flow lIaboratories, Svenska AB, Solna) The specimens
were fized with 3% glutaraldehyde in 0 15 M cacody-
late-buffer. incub with diami; idine substrate
and embedded 1 Epon, Thin sections were examined ia
an electron MICToscope.




RESULTS

Experimental cholera in intact and ligated small
Intestine Four inbred strains of mice were tested for
intestnal secretory responsiveness to V. cholerae
enterotoxin Graded doses of crude cholera toxin
were injected into ligated small bowel loops or the
ntact small intestine and the fluid accumulation
registered 5 h later At low toxin doses the response
differed markedly between the mouse strains,
C57B! being most and DBA least sensitive (Table
1) The maxrmal intestinal secretory capacity, on the

TABLE | Different Responsn eness of Mice of Various
Inbred Sirawns o Intestinal Chatlenge wtth Cholera Toxin

Fluid accumutation (mg weight increase/cm tntestine®

Loops Tntact intestine
Crude toxin challenge, mg
Mee 18 § wo 5
[3)1] 47 110 162 96 16
Alsn 29 82 Nw 63 NT
Balb/e 23 18 NT 07 NT
DBAfL 15 20 175 36 55

¥ eachvalue s the mean of 4 animals
¥ NT. not tested

other hand. did not seem to differ appreciably
between the strams, smce C57B and DBA
produced a simitar flud volume per cm intestine
after challenge with a hugh dose of toxin i the loop
system (Table 1} The subsequent studies were
serformed m CSTB1 mice
Toascertain that the intestinal flud

mixed with specific antiserum to punfied cholera
enterotoxin or incubated at 56° C for 30 min before
being used for challenge. These treatments totally
abolished the capacity of the crude toxin to induce
intestinal fluid secretion (Table 2).

The dose-response relationship was tested in
figated 100ps as well as in the non-ligated intestine.
In the loops half-mavimal fluid accumulation was
produced by about 2.5 mg (0 4 mg/cm) of the crude
toxin (Fig 12) In the intact intestine EDgo was
about $Omg. ie | mg/em (Fig. 1b). Control
experiments 1 the loop assay with purified cholera
toxin gave a very similar dose-response curve, EDsg
being 1.0 ug (not shown).

The time course of fuid accumulation in the ileal
loop and the intact intestine 1n response to cholera
toxin was analysed (Fig. 2). In both systems the
maximal Tesponse was attained about 5 h after the
toxin administration Thereafter the intestinal we-

mduced by the crude cholera toun was an
enteratoun specific effect, a high dose of toxin was

TABLE 2 Specificrty 1n Action of Crude Cholera Toxin
on Intestnal Fluid Accumulation

Weight (mg/cm)

Chalienge Intesunal  Intact smalt
loop intestine
Toxnat 135480 47923
Toun. $6°Cfor 30 min 27824 26322
Totia + antiserum®! 282%3 25123
PES 26224 2762

-_—

* Toxn challenge m the loops were § 0 mg. and 1n the
1ntact small intesune 50 mg (crude tovin)

P Toun was wcubated with an equal volume of
antiserum for 30 min t 37° C prior 1o the challenge

@ Mean = SEM of S-amimal groups

\
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Fig | Dose-response relatio

nship between intestinal



protective antitoxic immunity (8). In contrast, Lepot
& Banwell recently classified the adult mouse to be
unresponsive to intestinal toxin challenge (13). In
this study we have further explored the possibilities
of using mice for investigations of experimental
cholera and antitoxic immunity. The specific
objectives were: 1) to define conditions for produc-
tion of experimental diarrhoea by cholera toxin in
adult mice, and 2) to evaluate the protective
antitoxic immunity after enteral and parenteral
immunization.

MATERIALS AND METHODS

Mice. Inbred 8 to 12 week old mice of four strains
(C57B1/6J, DBA/1J, A/Sn, Balb/c) were used. Within
each experiment the animals were of the same sex and
differed no more than 10 days in age and 5 g in weight,
precautions which are important to diminish individual
variation.

Cholera toxin. Highly purified cholera toxin (7:
Schwarz-Mann, Orangeburg, N.Y ) was used for immu-

loops injected with PBS never revealed any posine
reactions. Food and water were excluded and when not
specified otherwise the mouse was sacrificed after § 1
The length of the loop was tmeasured, and the loop with
the accumulated fluid weighed. This gave considerably
greater accuracy than volumetric measurement of the
secreted fluid, since the total volume was smatl

b. Inmtact small intestine. Experimental cholers was
also produced in the non-ligated mouse intestine After
the abdomen had been opened 0 5 m! toxin was myected
into the upper duodenum. The animals, deprived of food
and water, were usually sacrificed afier Sh The small
intestine was carefully freed from the mesenteric tissue,
the length measured. and the intestine with accumulated
fluid weighed

¢. Protection by immunization The Nuid accumulauon
induced by cholera toxin in the ligated or non-ligatd
intestine was found o be dose-dependant when estimated
in i as well as i ized ammals. The
dose-response curve was typically S-shaped in both
systems and the EDsg vatue, ie. the tovin dose giing
half-maximal fluid accumulation, was imterpolated bet-
ween the upper and lower asymptote The protectne
effect of immunization ~ the protective factor = was
estimated as the ratio betw een the EDso vatues of the
inated and concurrently tested non-immunized con-

zation and for of sheep erythrocytes. For the
intestinal challenge experiments crude cholera toxin was
used. It was prepared by dissolving freeze-dried culture
Gltrate of V' cholerae (lot 4493G, National Insttutes of
Health. Bethesda, Md) in sterile water and dialysing the
solution for 24 h agminst distilled water. The dialysed
toxin was concentrated 10-fold against polyethylenegly-
col and stored in aliquots at =20° C until used. Single
radial rmmunodiffusion tests against specific antitoxin
antiserum indicated that 1 mg of culture filtrate in the
described form of crude toxin was equivalent to 0 3pg of
purified toxin. and this value was confirmed by toxiaity
assays 1n ligated intestinal loops of rabbits

Immunizations Intravenous (i.v.) injecuons were
given in the lateral tarl vem 1n a volume of 01 ml
Controt mice were simularly injected with phosphate-
buffered saline (PBS, 0.05 M phosphate, 0 14 M NaCl.
pH 72) Peroral (p o) immumzation was obtaned by
1nstiliation via a baby feeding tube marked 4 cm from the
end under hight ether anesthesia The toxin, 0 25 ml, was
mixed with 0 25 m] of NaHCO3 (100 mg/ml. pH 8 5)
before the instillation The bicarbonate was shown to
neutralize the gastric acid for about 1 h without affecting
the toxin. Mice given a total of 0 § ml bicarbonate — PBS
solution were used as contrals

Assavs of Experimental Cholera and protective Immumiy

a. Ligated loops Mice. fasted for 24 h but not
deprived of water, were anesthesized with ether. the
abdomen opened, and the small intestine ligated 1n tho
6-8 cm long loops starting approumately 10 em from
the duodenum The loops were injected with different
doses of toxin 1n a volume of 0 2 ml, and the abdomen
closed with agraffes. Control loops were not done
because a large number of experiments had shown that
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trol groups.

Passive haemolysis. Antibodies 10 cholera toun were
determined with a passive haemolysis technique. Sheep
erythrocytes were sensitized by incubating 504 of
packed, washed cells with 5 pg of highly punfied cholera
toun in 0 5 ml PBS at 4° C for 4D mumutes The coned
cells were washed 3 ttmes 1n PBS and adjusted to the
desired cell density Senal dilutions of heat-inactivated
serum, whtch had been absorbed with uncoated sheep
erythrocytes, were mixed with an equal volume (50 i) of
the sensitized erythrocytes. Twenty-five pl of guinea pié
complement diluted 1:10 was added and the meutre
incubated at 37° C for about 2h and then read
macroscopically for haemolysis Uncoated cells i
presence of serum and complement. as well as coated
cells in PBS and complement were tested as negatine
controls

Binding of peroxidase coupled CT to rmtestenal mucost
Coupling of peroudase to purified cholera toun was
done as descrtbed elsew here (Lange. S . Hansson, H 4
& Migren, H 10 be published) Radial immunodiffusion
(Mancun) tests revealed that the slope for concentralion
vs hato prectpitate area was simular for coupled an
native toun, indicatng that the coupling procedure had
not denatured the toun The labelled toun was
biologteally active producing flud accumulation 1n the
mouse loop assay when tested m a dose of 4 pg Smf‘"
preces of intestinal tissue from vaccinated or control mice
were ncubated at 37° C for 30 mm with 6 pg/ml of
peroudase-coupled cholera toun 10 TC 199 ma:dnum
{Flow laboratories, Svensha AB. Sotna) The specimens
were fixed with 3% glutaraldehyde 10 0 |5 M cacody-
I (Ter, b with d benzidine substrate
and embedded tn Epon Thin sections were evamined in
an electron microscope




TABLE 3 Protective Immunity and Serum Anubodv Titres after Enteral or Parenseral Immunization with Cholera

oxin

Route and pumber Protective factor Antitoxin
of iImmunzationsa) Tleal loop Intact intestine serum titrett
Peroral . . <t
2 2 3 1024
49 it >5 1024
Intrarenous
1 t t 64
2 1 1 2048
45 1 1 32768
L2 2 NT 16384

3 Mice were immunized with | g CT1v or 5 wg CT p o The first booster dase was given 10 days after the primary
imjection, subsequent immunizations were given every sixth day

¥ Tested 6 days after the primary injection and 4 days after the booster dose. The protective factor refers to the ratio
between the EDsq values of immunized and concurrently challenged control animals The anttoin titres Were

determined by passive haemofysis NT, not tested
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Fig 3 Demonstraton of protective antitoxic mmunity
altes repeated enteral mmumzation Groups of smice
Were given two or four p o immunizauons and therr
fesistance to ntestinal challenge with graded doses of
foxin evaluated 4 days afier the last Immunization using
eitker the higated loop assay (masm figure) o the 1ntact
Intestine  system  (insert) @—@ represent 1mtestinal
Reghts of ummmunized controls before and after
chal'enge, O—O the post-challenge weights of mce
\mmunized twice P 0 . and A—A the weights of muce
ZIV:n 4po immumzatons The values are the Teans *
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Fig 2 Kinetics of cholera toxin induced mtestinal weight
ncrease (fluid accurautation) in (2) higated loops after
challenge with 25 (©) or 3 (A) mg of crude toxin, and
(b) intact small intestiae after challenge with 100 mg of
crude toxin (@) O rethe control values, i.e. the weight
of saline-mjected L ops or intact intestine. Mean values
+ SEM (vertical barsof 5 animal groups are presented.

ight (including the lumen fluid) gradually declined
to be norma within about 24 It in the loops (Fig 22}
and 15-20 h in the non-ligated intestine (Fig. 2b)
From the data in Fig. 2 and experiments in which
the rate of fluid absorption in the normal small
intestine was estimated to 0.53 mg/cm/min it can
be calculated that active secretion probably conti-
nued from the toxin-stimulated intestine for the
whole study period (20 h). In order to evaluate to
what extent the faster decrease of fluid in the intat
intestine than in the loops was due to peristaltic
transport of fluid to the colon, groups of mice in
which the ileum had been ligated at its entrance in
the colon ascendens were studied. No difference in
fluid accumulation between the intact and the
distally ligated small intestine was found after 5h,
but after 16 h the ligated intestine contained 30 per
cent more fluid than the non-hgated one.

Protective effect of immunization, The teo models
of experimental cholera were used to evaluate the
development of profective immunity follgwing
immunization of the mice with toxin antigen. Single
and repeated i ions were given p i
(i.v.) or enterally (p 0.) and protection tested 4 d2)s
after the immunization.

The iv. immunizations consisted of 1pg of

purified cholera toxin in each injection, sinee
preliminary experiments had shown that this dpsc
produced maximal levels of serum amibofhe&
However, neither a single nor up to five times
repeated iv. immunization gave rise 1o any
significant change in responsiveness to intestnal
challenge with cholera toxin (Tabie 3). This lack of
protection was observed in both the lig:m:d-I(}t)x)fﬂ'ld
the intact intestine models. Nine immunizaiions
gave rise to a significant although still Iow level of
immunity, EDso being about 2-fold increased (T2~
ble 3).
‘A single p.o. immunization with S pg of the
purified toxin was ineffective. Booster jmmuniza-
tion, however, induced a significant inhibition of the
fluid accumulation after challenge with toxin both
in the ileal loop and the mtact small intestin®
systems (Fig. 3). The magnitude of the protection
was relatively small, though, the protective 'l‘ac\DT
being about 2-fold 1n the loop and 3-fold in the
intact intestine (Table 3) A higher antigen dose
(15 pg) gave no further protection. In contrast. 2
striking increase in protective immunily W&
attained by two further § pg-doses (Fig. 3). Additio-
nal immunizations did not further enhance ihe
magnitude of protection (Table 3.

Time course of immunity. The Kinetics of .\hC
protective i ity obtained by 4 po. il A
tions was studied in the ileat loop system (Fig. #
Inhibition of intestinal secretion after challenge with




fully reproduced the action of the crude material.
Subsequent studies have shown that similar intesti-
nal responses as those obtained with cholera toxin
an be induced with heat-labile Escherichia coli
enterotoxm, prostaglandin Ep and dibuturyl cyclic
AMP (Holmgren, Lange & Lénnroth, to be publis-
hed)

The rate of net fluid secretion was maximal from
1 1o 3h after toxin challenge, while the maximal
find accumulation was noted after § h. Thereafter
the absorptive capacity of the gut apparently
exceeded the secretion leading to a decrease m
accumulated Nuid In the loops this decrease was
bnear with time In the intact intestine, on the other
hand, the flurd decrease rate was conssderably faster
from § 1o 9 h after 10xin challenge than thereafter
This and the demonstrated fluid preserving effect of
terminal higauon of the 1leum indicate that persstal-

than by parenteral immunization. Only after 9 iv.
i jzations with a highly i ic dose of
toxin there was any measurable pratection 2gainst
intestnal toxin challenge, whertas 4 p ©. immuniza-
tions gave protection of much higher ngmx_udeA
The immumty seems to be of short duration with 2
peak after 4 days There was no correlation between
the ressstance to cholera toxin challenge and the
serum levels of antitoxic antibodies indicating that
the intestinal p ive i was ively
due to a local immune response. The present
electron microscopic studies show that peroxidase-
labeiled cholera toxin is unable to attach to the
sntestine of 1mmune mice, in contrast to the heavy
toxin staming of the mntestinal mucrovilli of non-
smmune animals [t may therefore be concluded that
protective antitoxic cholera immumty in the mouse
1s mediated mainly or exclusively by antibodies

e to the
removal of fluid as long as the mmtestine is distended
Tt can be calculated that «f the absorptive capacity of
the small imtestine were unaffected by toxin, the
abserved rate of fluid detrease in the foops would
Tequire an almost constant active secretion during
the period from $ 10 20 h However, cholera toxin 1s
know 1t to impasr absorption as well as 10 sumulate
active secretion (6) Thus, it seems likely that the
secrefory rate decreases gradually after S h but s
stll significant as [ate as 20 h afier the apphcation of’
touin

In previous investigations the adult mouse bas
been described both as totally resistant (13) and as
well responsive (8) to the diarrheogenic action of
cholera toxin The present results might elucidate
the basis for ths discrepancy by showing marked
dilferences 1n Tesponsiveness between various mo-
Use strains. Although most or all strams appear to
&¥¢ a simiar response t0 high toxin doses the
dilferences are pronounced at lower doses to which
Certain strains, inciuding DBA and Balb, are resist-
nt while others. Uke C5TBL, are sensiuve

Protective mtestmal mmumity 1o cholera toxin
b3S mainly been studied m rabbns and dogs
Parenteral vaccination of dogs induces protection
Probably due to an mnflux to the gut of antitoxin
antibodies from serum (14), while the rabbit
tntestine after parenteral vaccination apparently 1s
DProtected by a combination of serum antibodies and

y (10) Oral
Or enteral vaccination with toxin or toxoid does not
Protect dogs (14). while such immunization of
fabbits grves significant immunity probably media-
tod by rmmunoglobulin produced by intestinal
plasma cells (10) In the mouse. as Shown in the
Present stuces. a sigmificant protective mtestnal
Immuguty ts obtamed much more easily by enteral

d by intestinal plasma cells, and that these
antibodies act by combining with the toxin molecule
at the mucosal surface or i the lumen thus
preventing binding of toxin to the intestinal Gy
ganglioside receptors.

This study was supported by grants from the Swedish
edical Rescarch Councif (16X-3382) and the Facufty of
Medicine Unwersity of Goteborg, Sw eden
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toxin was maximal about 4 days after immuniza-
tion, while no significant protection was demon-
strable after 2 or 10 days.

Serum antibodies. The serum antibody titer to
cholera toxin was analysed after the respective i.v.
or p o. immunization courses by means of passive
haemolysis (Table 3). The results show that there is
no correlation between protection and serum
antibody titers. Thus, although enteral immuniza-
tion induced moderate levels of serum antibodies,
the titers obtained by 2 and 4-5 immunizations
were the same in contrast to the markedly different
magnitude of protective immunity. Furthermore,
i.v. immunizations which conferred no protection
induced much higher antibody titers than those
obtained by the enteral immunizations, and finally,
the small protection seen after 9 i.v. injections was
associated with slightly lower serum antibody titers

well as from control animals were incubated initro
with peroxidase-coupled cholera toxin, and the
binding of the labelled toxin to the mucosa was
studied int the electron microscope. Dense precipita-
tes showing attached toxin were present on the
microvilli of the epithelial cells as well as on the
membrane of the goblet cells in the normal
intestinal mucosa (9). A similar staining was seen to
occur in the intestine of mice immunized five times
i.v. In contrast, in all instances when immunization
by the enteral route resulted in significant protection
the toxin binding to the mucosal surface was
strongly reduced or completely absent (Fig. 5)

DISCUSSION

The fluid accumulation observed in ligated loop§ as
well as in the intact small bowel after imra[ur_mnf«l
I of mice with crude cholera toxin is

than those present after 4-5 i izations (Ta-
ble 3).

In vitro attachment of peroxidase-coupled cholera
toxin to intestinal mucosa. Pieces of the small
intestine from enterally or i.v. immunized mice as

obviously an enterotoxin specific effect on 1'h:
intestine. No response was observed with material
which had been heated at 56° C or incubated with
specific antiserum to purified toxin, and pure totin

Fig 5 Electron micrograph showing in vitro atta
rmice immunized 5 tmes 1v (teft) but not to mi
(night) The intestinal stamning pattern of th
(15000 x magnification)

icrovilli of mice given 5 po 1mmumizations resultn:
e 1v vaccinated an

r
chment of peroxidase-coupled cholera toxin to intestrnal microvilli ©

g 10 protection
imals does not differ from that of control mice



fully reproduced the action of the crude material
Subsequent studies have shown that similar intesti-
nal responses as those obtained with cholera toxin
can be nduced with heat-lable Escherichia coli
enterotoxm, prostaglandin E and dibuturyl cyche
AMP (Holmgren, Lange & Léanroth, to be publs-
hed)

The rate of net fluid secretion was maximal from
i to 3h after toum chailenge, whie the maxumal
flud accumulation was noted after 5h Thereafter
the absorptive capacity of the gut apparemtly
exceeded the secretion leading to a decrease in
accumulated fluid In the loops this decrease was
linear with time Tn the intact intestine, on the other
hand, the fluid decrease rate was considerably faster
from 5 to 9 h after toxin challenge than thereafter
This and the demonstrated fluid preserving effect of
terminal Tigation of the ileum indicate that peristal-
tc

than by parenteral immunization. Only atjlcr 9iv.

with a highly i dose of

toun there was any measurable protection against
1ntestinal tovin challenge. whereas 4 p 0. immuniza-
tions gave protection of much higher magnitude.
The immunity seems to be of short duration with a
peak afier 4 days. There was no correlation between
the resistance to cholera toun challenge and the
serum levels of antitouc antibodies indicating that
the intestinal protecuve immumnty was exclusively

due

to a local immune response. The present

electron microsoopic studies show that perovidase-
labelled cholera togin is unable to attach to the
tntestine of immune mice, ir contrast to the heavy
toxin staining of the intestinal microviili of non-
immune ammals It may therefore be concluded that
protective antitotic cholera immunity in the mouse
1s medizted mainly or exclusively by antibodies

to the
temoval of fluid as long as the intestine 1s distended
Itean be calculated that 1f the absorptive capacity of
the small mtestine were unaffected by toxin, the
observed rate of flnd decrease 1a the loops would
Toquire an almost constant active secretion during
theperiod from 5 o 20 h However, cholera toxin is
known to impair absorption as well as 1o sumulate
acuve secretion (6) Thus. 1t seems hikely that the
Sretory rate decreases gradually after 5 b but 1s
still sgnrficant as late as 20 b after the application of
toxin

In previous investigations the adult mouse has
been described both as totally reststant (13) and as
ell responsive (8) to the diarrheogenic action of
cholera tomn The present results mught elucidate
the basis for this discrepancy by showing marked
ifferences in responsiveness between various mo-
Use strains Although most or all stramns appear to
BN 2 similar response to high toxin doses the
dfferences are pronounced at lower doses 1o Which
Certain strains, ncluding DBA and Balb, are resist-
ant while others, ke C57BI., are sensitive

otective ntestinal 1mmunsty to cholera toxin
Bs mainly been studied 1n rabbits and dogs
Parenteral i of dogs induces i

by intestinal plasma cells, and that these

antibodies act by combining with the toxin molecule
at the mucosal surface or in the lumen thus
preventing binding of toxin ta the 1ntestinal Gy
ganghoside receptors

Ths study was supported by grants from the Swedish
Medical Research Councif (16X-3382) and the Faculry of
Medicine Unnersuv of Géteborg. Sweden
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toxin was maximal about 4 days after immuniza-
tion, while no significant protection was demon-
strable after 2 or 10 days.

Serum antibodies. The serum antibody titer to
cholera toxin was analysed after the respective i.v.
or p.o. immunization courses by means of passive
haemolysis (Table 3) The results show that there is
no correlation between protection and serum
antibody titers. Thus, although enteral immuniza-
tion induced moderate levels of serum antibodies,
the titers obtained by 2 and 4-5 immunizations
were the same in contrast to the markedly different
magnitude of protective immunity. Furthermore,
i.v. immunizations which conferred no protection
induced much higher antibody titers than those
obtained by the enteral immunizations, and finally,
the small protection seen after 9 i.v. injections was
associated with slightly lower serum antibody titers

well as from control animals were incubated in vitro
with peroxidase-coupled cholera toxin, and the
binding of the labelled toxin to the mucosa was
studied in the electron microscope. Dense precipita-
tes showing attached toxin were present on the
microvilli of the epithelial cells as well as on the
membrane of the goblet cells in the normal
intestinal mucosa (9). A similar staining was seen to
occur in the intestine of mice immunized five times
i.v. In contrast, in all instances when immunization
by the enteral route resulted in significant protection
the toxin binding to the mucosal surface was
strongly reduced or completely absent (Fig 5)

DISCUSSION

The fluid accumulation observed in ligated loop§ a
well as in the intact small bowel after imralumm§l
of mice with crude cholera toun i

than those present after 4-5 i izations (Ta-
ble 3).

In vitro attachment of peroxidase-coupled cholera
toxin to intestinal mucosa. Pieces of the small
intestine from enterally or i.v. immunized mice as
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obviously an enterotoxin specific effect on the
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FREEZING OF RAT LYMPHOCYTES

V. Effect of Su Cells in Ph futini; Sti f
The Effect of ‘(:f;llmres before and after Freeze-Thawing

d Spleen Cell
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Hem, E Freezing of rat lymphocytes. V. The effect of suppressor cells 1n phytohaemaggluunm-

sumulated spleen cel) cultures before and after freezethawing Acta path mucrobiol. scand, Sect. C, 86-
153-158, 1978

Spleen lymphocyte proliferanon, as measursd by SH-thymudine incorporauon induced by phytohae-

maggluunin (PHA), was increased after freeze-thawing with 10% dimethy) sulphoude. Depletion or

wntoxcaton of macrophages in fresh spleen cell

response to PHA On the other hand, freezing of

JH-thymudine uptake of sumulated cultures At

cultures of fresh punfied lymphocytes showed a dose-dependent intubitory effect
and fresh macrophages were more inhibitory than fi ed

also increased m
pleted spleen cell low ered
above 3%, added to
on the PHA response,

b Punfied

tuxed with 10% macrophages showed a higher response after freeze-thawing It 1s concluded that

suppress the

response 0 PHA 1n rat spleen cell cultures, and that

these macrophages are more sensitive than lymphocytes to the present freeze-thaw process,

Key words Suppressor macrophages, rat splesn, freezing

Present address E Hem, Surgical Department I1. Ulleval Hosprtal, Oslo 1, Norvay

Reewed 119377 Accepied 20178
In vitro proliferative responses 1 the rat to non-
specific mitogens or allogeneic cells have demon-
Strated that spleen cell preparations give lower
Tesponses than celis from blood, thoracic duct and
lymph nodes (11, 15, 25). Thus has been shown to
nd on the presence of suppressor cells in the
spleen rather than to a lack of cells capable of the
Tesponse (8, 9, 15, 16) The nature of these cells has
femaned more obscure An understanding of this
ph mught be of m
with freeze-storage of lymphoid cells. In a previous
Study, freeze-thawing of rat spleen cells with
dimethy] sulphoxide (DMSO) as a cryoprotectant
introduced an unexpected elevation of labelled
thynudine uptake of cultures sumulated with
Phytohaemaggtutinn (PHAY(11) This was interp-
Teled as being caused by a deleterious effect of
freeze-thawing on suppressor cells present in the
spleen, since the phenomenon was absent in lymph

node preparations. The purpose of the Ppresent study
‘Was to examine in more detail the nature and effect

of freezing on the suppressor activity present in the
spleen cell cultures.

MATERIALS AND METHODS

Animals Inbred, locally-grown Hooded rats 8-
old were used Rats of either sex were
experument.

11 weeks
used in each

Antigen administranon Washed, packed she

3 eep red blood
oell; (:uRB(.;) from the same sheep were injected into rats
13 volumes via an exposed f i -
before o femoral vein 18-24 p

Cell preparation Spleens were removed i
anacstheuzed, exsangusnated rats and uasedm :l}::gn:
Statoless steel mesh into medium RPMI 1640 wath H,
bufler (bewBlocull,GlasgoW. Scotland) contaning ?:;
bg steptomyan and 100 Iy penucillin per my Clumps
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of fresh cells with carragheenan gave a much higher
3H-thymidune incorporation than fresh cells without
carragheenan (Fig. 4). When cells were frozen-
thawed, the finding was the opposite viz. cells with
carragheenan gave a lower response than cells
without carragheenan, except for the highest celi
concentration.. The difference between cultures of
frozen-thawed cells with and without carragheenan
was not as great as with fresh cells.

5. Effect on PHA response of addition of fresh and

frozen-thawed macrophages to cultures of non-
adherent normal spleen cells (NASC)

Fresh column purified spleen cells were cultured

at 2 x 105 cells per well with increasing

of fresh and fr thawed perito-

L
0§72 4 3
NUMBER OF CELLS x10° PER CULTURE
Fig 2 Dose response curves of cell proliferation by fresh
(-0-) and frozen-thawed (—®-) normal spleen cells
sumulated with PHA, and fresh (~O-) and frozen-
thawed (~W-) simulated spleen cells from rats 1njected
1¥ with 2 ml packed SRBC 24 h before sacrifice
Vertcal bars on mean values represent * 1 standard
deviation of triplicate cultures

greater with ISC Therefore I1SC was used m the
following three expermments For both SC and ISC,
the difference between fresh and frozen-thawed cells
W25 most pronounced at higher cell numbers. It
should be noted that the differences between frozen-
thawed SC and ISC are not due to differences in the
tymphocyte populations, snce column punified
spleen cells from both sources showed simular high
Tesponses (own results not shown) After freeze-
thawing, the percentages of esterase positve cells
Tecovered 1n suspensions of SCand ISC were 7-§ %
and 3-4%, respectively

3. Elfect of freeze-thawing on PHA response of ISC
after removal of adherent or phagocytc cells

Both removal of adherent and phagocytic cells
markedly elevated the H-thymidine uptake 1n
Sumulated cultures of fresh cells (Fig 3) Freeze-
thawing of these non-adherent cells or phagocyte
depleted cells lowered the 1sotope uptake 1n response
0 PHA At higher cell concentrations, 1t was still
far above that of untreated fresh ISC

4 Effect of intomcaton of macrophages by
Carragheenan on PHA response of cultures of fresh
and frozen-thawed 1SC.

Carragheeran was added to PHA sumulated
Cultures of frshla_ng frozen-thawed 1SC. Cultures

neal and with PHA. Figure
5 shows that lower concentrations of macrophages
{<3%) seemed to bave some stimulatory effect on
JH-thymidine uptake by the PHA-stimulated puri-
fied spleen cells. However, by increastng the
concentration of macrophages in the cultures, a
dose-dependent ichibitory effect could be demon-
strated. At all doses, the inhibition by fresh
macrophages was stronger than the inhibition by
frozen-thawed macrophages

150 -
=
- —5 3
% 100} l J
z 1
Z /{74
e 4 J
—

L&F“——*\"

2 3 6
r NUMBER OF CELLS x 105 PER CULTURE
2. 3 Dose fesponse curves of cel]
proliferatio
PHA-sumgal)e;l spleen cells from rats mjected 1 v, :i!:xy:
) fresh untreated cells, (—A-) fresh gng (.
rA—')J frozen-thawed column punfied cells, and (-O-~)
s:: 2nd (M) frozen-thawed cells from spleen cett
petision depleted of phagocytic {treated with carbon; 1
yron and magner) cells Verucal bars on mean v:lu;
Tepresent £ 1 standard devianon of triphcate cultures




were allowed to settle for 10 min, after which the
supernatant was carefully removed, washed three times,
resuspended and counted in an electronic cell counter.
Lymph nodes (cervical, brachial and mesenterial) were
teased directly in the medium and further handled as for
spleen cells. Cultures and incubations were performed in
RPMI 1640 with bicarbonate buffer and antibiotics as
above.

FPeritoneal cells (PC) Killed rats were injected intraperito-
neally with 20 ml phosphate-buffered saline, and after
gentle abdominal massage 1618 ml of cell suspension
was withdrawn. The cells were then washed and counted
as for the lymphocytes.

Histochemical demonstration of macrophages/monocytes.
This was performed by the neutral esterase staining
method as described by Schmalzl & Braunsteiner (22).
Lymph node suspensions contained 2—4%, spleen cell
preparations from both normal and immunized rats 15—
20%, and peritoneal washings 65-80% esterase positive
cells.

Removal of adherent cells. This was performed according
to the procedure outlined by Bash & Waksman (3). Three
ml spleen cells (5—10 % 107} in RPMI 1640 with 10%
fresh rat serum (FRS) were poured over a glass wool
column (I gram glass wool in a 10 ml syringe,
preincubated with the 10% FRS containing medum)
and incubated for 45 min at 37°C. Non-adherent cells
were then cluted from the column with 30 m! warm
(37°C) medium. Usually 40-50% of the cells could be
recovered from the columns, and numbers of esterase
positive cells were reduced to <0 §%

Removal of phagocytic cells. Spleen cells (1 x 108)1n 10
ml RPMI were incubated with 0.6 g carbonyl iron
powder (Grad SF, GAF Svenska AB, Stockholm.
Sweden) and rotated vertically (6 rotations per min) for
45 mn at 37°C. After incubation, the non-phagocytic
cells were removed by placing a powerful magnet below
the tube and aspirating the supernatant carefully. Some
50% of the cells were recovered after this procedure, and
the numbers of esterase positive cells were reduced to
about 1%

Macrophage mtoxication Carragheenan (Sigma Chemt-
cal Co, St Louis, Mo, USA) was used as a drug

y Cyt for and not lympho-
cytes (1. 5) and was added at the inttiation of the cultures.
The final concentration of carragheenan 1n the cultures
was 1 mg/ml

Freeze-thawing. Freezing was performed a Revco
ultralow freezer as described previously (12). Briefly !hc
freezing suspenston consisted of 65% RPMI 1640 with
Hepes buffer, 25% rat serum and 10% q:melhyl
sulphoxide (DMSO) was added slowly and eqmllbml:;d
for 10 min at room temperature. Five rql samgla in
Tefon/Kapton bags were cooled at 2°C/n3m !o 0°C and
at 6°C/mun 1o —60°C and then stored in liquid mtrogen
(-196°C) for 10 min. Thawing was performed 10

154

waterbath at 37°C, and 45 ml RPMI 1640 with 195
serum was added slowly at room temperature before 2
final wash at 100 g for 5 mun.

Cell cultures. Cell cultures were performed 1 microutre
plates as described previously (12). Each well contained 2
X 105 lymphoid cells in 150 pl medium RPMI 1650
with bicarbonate buffer, antibiotics and 5% fresh rat
serum. They were stimulated with 0.3% PHA
(Phytohaemagglutinin-P, Difco, Detroit, Michigan). Cul-
tures were pulsed with 1.25 pCi JH-thymidine for the
fast 4 h of incubation and harvested at 48 h on a Skatren
Multiple Cell Culture Harvester.

RESULTS

1. Effect of freeze-thawing on PHA response of
lymph node cells:

For cell numbers between § x [0%nd 4 x 05
fresh or frozen-thawed cells per well, there was an
almost linear correlation between cell dose and *H-
thymidine uptake in stimulated cultures (Fig. )
Response to PHA was lower in the frozen-thawed
than in fresh cultures.

2. Effect of freeze-thawing on PHA response of
normal spleen cells (SC) and spleen cells from rats
injected with SRBC (ISC):

The isotope incorporation by fresh spleen cell
cultures was far below that of lymph node cell
cultures (Fig. 2). Except for the lowest cell dose,
there was a significantly higher uptake in cultures of
frozen-thawed cells, and this difference was even

150

FHECPM) x1073

as 1 2 4 8

NUMBER OF CELLS x 10°% PER CULTURE
Fig 1. Dose response curves of cell proliferation by fresh
(-0-) and frozen-thawed (-@-) Iymph node cells
sumulated with PHA. Verucal bars on mean values
represent % | standard deviation of tnplicate cultures



marvophages to sumulated cultures. of dherent

will give an enrichment of

cytes and

spleen. (Fig. 6). Folch & have
prviously described suppressor cell activity in
spken of normal rats (8, 9), and Bach & Waksman
doned that this actrvity increased after injection of
oalumn or hugh doses of SRBC (3, 4). This
appressor cell was glass wool adherent and was
aeat m carefully prepared »B raws« (3, 4, 8, 9).
Thus, a fymphocyte was regarded as the suppressor
!l Homerer, m later studies carragheenan reduced
thesuppressor actwity in the cultures, thus pointing
toaroke for macrophages (4). Recent studies have
dmopstrated that suppressor macrophages in rat
speens inbhibit lymphoproliferative response in vitro
(15,16, 19, 20, and this is more in line with the
present observations  Suppressor macrophages are
o demonstrated in peritoneal washings, and the
smpressive effects are qualitatively the same, but
sobiy stronger (2, 14, 15, 19)

Tt should be noted, however, that macrophages
b oot exclusively act as mhibitors. When small
nanbers of mactophages were added to cultures of
muxophagedepleted spleen cells, there was 2

p with a corresp ly lower percen-
tage of macrophages, as shown by the esterase
staining of the frozen-thawed suspensions. Freeze-
thawing of spleen cells will cause damage to both
tymphocytes (as shown by the effects of freezing on
purified spleen lymphocyus) and macrophages. The
effect on lymphocytes will give 2 lower response of
frozen-thawed cultures, but this is more than
counterbalanced by the greater loss of inhibitory
macrophages Evidence for this theory is also given
by the experiment where non-adherent spleen cells
were mixed with 10% macrophages. and cultures
of frozen-thawed cells had a higher response to
PHA than fresh cells.

Based on the present expertments, it seemed that
pactivated« macrophages were more sensitive to
freezethawing than normal spleen macrophages
(Fig. 2). In a former study, witha different protocol,
a more comptete loss of suppression by freeze-
thawing of normal spleen cells was demonstrated
(11). The earher freeze-thaw procedure was also
more vulnerable to the Iymphocytes. With the

bestve effect on SH- uptake
alnres (Fig 6) Whether or not are

present i thaw p more viable lympho-
cytes are 4, and there 15 probably a reduced

essary for mitogen simulation remains contro-
;r::l {21), but they are known to have a positive
b on lymphocyte viability in vitro (6, 18). From

Present experiments and from those of Folch &

;’ﬂhmﬂn ()1t is evident that mhibition of H-
yaudine ion of cultures

loss of normal macrophages The damage to
yactivated« macrophages is sull great, exther because
the present freezing conditions are less favourable
for these cells, or because they have a greater
semsitivity to freezing injury even at optimal

EI:renml'ly occurred at higher cell concentrations
mmb??y(md)wc that there must be 2 threshold
oy ss: suppressor cells to be effective, or that
T or cells exert a direct cell-to-cell effect

L‘mm;: _0[ this study was also to explamn the
hlzn-\haw‘:xcm m thymidine mcorporation by
s °d spleen cell cultures. In normal spleen
Wsm“spens( ions, this difference was small but
" mn 1ue\l doses of 2 x 105 cells per well or
-’ym hc early the opposite to that of lymph
% uP ocytes, By wmjecuon of heavy doses of
htefore sacnifice (3), a which

Rat spleen cells have been used 10 1 vilro assays
of cellular tmmumty. In a recently published
investigationsuch cells were also assayed after
freeze-thawing and compared with fresh cetls (17).
Tt 15 apparent from the present and other mvestiga-
tions (15, 16) that rat whole spleen cell suspensions
may not be suitable for such studies. The parame-
ters of the response would be dependent on both the
effect on lymphocytes and the effect on suppressor
macrophages 1n the suspension In this respect, the
events which take place when spleen cells are
fi

Py activated the macrophages, the mcreased
mﬁ;:oﬂ:(:auon by stimulated spleen cells
20t e g ing could be made greater, and this
B Dy erefore chosen for further experi-
oty etion or intoxication of macrophages
e vmnl::umc the effects of freeze-thawing, or
b o\zlhermme. ‘when equal numbers of
Dpen o n‘-xhawed macrophages were added
Thigy “cu tures of non-adherent spleen cells,
\hmphamas greater by fresh macrophages
Ty o lare more sensitive to freeze-thaw
brenng of ymphocytes (10, 13, 23). Thus,
2 suspension consisting of both lympho-

hawed by the present p should be
lustrative.
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TABLE 1. Effect of Freeze-thawing on PHA Stimulanon
of Mixed (1:10) Macrophage: Column Purified Spleen Cell
Cultures

3H-thymidine incorporation {cpm)

Exp No. Fresh cells Frozen-thawed cells
1 25729 £ 4178 55986 £ 4930
2 33168+ 1782 71817+ 4685
3 16741 £ 1375 54166 947
4 35622 = 4611 58741305
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Fig 4. Dose response curves of cell proliferation by
PHA-stimulated spleen cells from rats injected i v. with
SRBC. (~O-) fresh spleen cells, (—®-) fresh spleen cells
cultured with | mg/ml carragheenan, (—O-) frozen-
thawed spleen cells, and (~M~) frozen-thawed spleen
cells cultured with 1 mg/m! carragheenan Vertical bars
on mean values represent * | standard deviation of
triplicate cultures

2x 105 cells of a mixed 1:10 peritoneal macrophage
glass wool xolumn purified spleen cell suspension were
cultured with PHA, exther fresh or after frecze-thawing
of the mixture.

6. Effect of freeze-thawing on the PHA response of
a mixture of non-adherent spleen cells and pento-
neal macrophages:

The following experiment was designed 2
model for freezing whole spleen cell suspensions
containing both macrophage-like suppressor cells
and lymphocytes. NASC were mixed with 10%
peritoneal macrophages and fresh and frozen-
thawed cells from this suspension were cultured ata
concentration of 2 x 105 cells per well and

timulated with PHA. Cultures of frozen-thawed
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Fig 5 Response to PHA by 2 X 105 non-adherent
spleen cells cultured alone (I} and with mcreasing
concentrations of fresh (~O-) or frozen-thawed (~©-)
macrophages Vertical bars on mean values represent +
1 standard deviation of triplicate cultures.
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cells incorporated 1.6 to 3.2 times more labelled
thymidine than their fresh counterparts (Table 1)
Freeze-thawing of this suspension reduced the
numbers of esterase positive cells from 7—}09&- of
fresh cells to 3-5% after post-thaw washing

DISCUSSION

It 1s now well documented that the low proliferative
response in rat spleen cell cultures is due to ll;e
activity of suppressor celts (4, 7, 8,9, 15, 16, 17,
19, 20, 24). Some controversy exists regarding the
nature of these cells. The present experiments I
which ISC were depleted of adherent or phagocyuc
cells showed an increased incorporation of labelled
thymidine in stimulated cultures as ccrflpqred “]’_
whole spleen cultures. Likewise,( intoxication ©!
macrophages by carragheenan 1in . the cul(ur§
elevated the isotope uptake. Neutralizing the SPIemf
macrophages by these prowdures‘ madg \h; };:\
sponse of spleen cells to stimulation with
more like that of lymph node cells. Baseq on th&;
findings, 1t is difficuilt to offer an explanation W ;C]s
does not point to macrophages as suppressor o; er;
This hypothesis was further suppcned _\\nm]
suppression could be restored by adding perito



nacrophages to stimulated cultures of dherent

cytes and will give an enrichment of

gleen lymphocytes (Fig. 6). Folch & Waksman have
yeviously described suppressor cell activity in
pleea of normal vats (8, 93, and Bach & Waksman
‘howed that this activity increased after injection of
walbwaun or kigh doses of SRBC (3, 4). This
appressor cell was glass wool adherent and was
ixeot 1o carefully prepared »B ratse 3, 4, 8, 9)
[hus, a lymphocyte was regarded as the suppressor

lymphocytes with 2 correspondingly lower percen-
tage of macrophages, as shown by the esterase
staining of the frozen-thawed suspensions. Freeze-
thawing of spleen cells will cause damage to both
Jymphocytes (as shown by the effects of freezing on
purified spleen lymphocytes) and macrophages. The
effect on lymphocytes will give a lower response of
frozen-thawed cultures, but this is more than

Il However, 1n later studies car reduced
besuppressor acuvity in the cultures, thus pointing
wawole for macrophages (4). Recent studies have
fmonstrated that suppressor macrophages m rat
spleens mhibit lymphoprolferative response tn vitro
15,18, 19, 20}, and this is more m Line with the
preseat observations. Suppressor macrophages are
a0 demonstrated in peritoneal washings, and the
sppressive effects are qualitatively the same, but
probably stronger (2, 14, 15, 19).

It should be noted, however, that macrophages
%o 1ot exclusively act 25 mhibitors When smail
uzmbers of macrophages were added to cultures of
macophage-depleted spleen cells, there was a

d by the greater loss of inhibitory
macrophages. Evidence for this theory is also given
by the experiment where non-adherent spleen cells
were mixed with 10% macrophages, and cultures
of frozen-thawed cells had a higher response to
PHA than fresh cells.

Based on the present experiments, 1t seemed that
wactivated« macrophages were more sensine (0
{reeze-thawing than normal spleen macrophages
(Fig 2) In a former study, with a different protocol,
a more complete loss of suppression by freeze-
thawing of normal spleen cells was demonstrated
(11). The earher freeze-thaw procedure was also
more vulnerable to the lymphocytes. With the

on JH-h; uptake i
ohures (Fig 6) Whether or not are

present {r h dure, more viable lympho-

tessary for rutogen stimulation remaims contro-
‘ersal (21), but they are known o have a posiuve
it on lymphocyte viability n vitro 6, 18) From
e present experiments and from those of Folck &
Bksman (7), i 15 eviders that wmbibition of H-
Bymidine jon of d cultures

cytes are d, and there is probably a reduced
loss of pormal macrophages The damage to
wacuvated« macrophages 1s still great, either because
the present freezing conditions are less favourable
for these cells, or because they have a greater
sensitivity to freenng mjury even at optumal

Feerentially occurred at hugher cell concentrations
T may wndicate that there must be a threshold
“umber of suppressor cells to be effective, or that
Stppressor cells exert a direct cell 11 effect

Rat spleen cells have been used in in vitro assays
of cellular immumty, In a recently published
mvestigation,such cells were also assayed after
fi

The i of thus study was also to explatn the
‘f‘xﬂﬂmed increase n thymidine icorporation by
venthawed spleen cell cultures In normal spleen
L suspensions, thus difference was small but
Senficant at cell doses of 2 x 105 cells per well o
e, and clearly the opposste to thay of lymph

hawing and with fresh cefls (17).
It 1s apparent from the present and other investiga-
tons (15, 16) that vat whole spleen cell suspensions
may not be sutable for such studies. The parame-
ters of the response would be dependent on both the
effect on lymphocytes and the effect on suppressor

o macrophages 15 the suspension. In this respect, the
ey lymphocytes By wyection of heavy doses of  events which take place when spleen cells are

C 24 b before sacrifice (3), a which i hawed by the present should be
frobably actwvated the macrophages, the ncreased  dlustrative

ncorporation by stimulated spleen cells
afier freeze-thawing could be made greater, and this
Bodel was therefore chosen for further experi-
Denis Deplewon of itoxication of macrophages
emed to mimic the effects of {reeze-thawing, or
iz yersa Furthermore, when equal numbers of
fesh and frozen-thawed macroptiages were added
1o stimulated cultures of non-adherent spleen cells,
Ghiuon was grealer by fresh macrophages
_\Iacrophaggs are mofe sensitive 10 freeze-thaw
:ﬂJury than lymphocytes (10, 13, 23) Tnys,
T o i 1stng of both lympho-
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STIMULATION OF HUMAN FETAL LYMPHOCYTES BY
LIPOPOLYSACCHARIDE B IN CULTURE. STUDIES
ON CELLS CIRCULATING IN MATERNAL BLOOD
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Bjorkbom, S, Turunen, O, Lundqust. C & de la Chapelle, A Sumulauon of buman feta!
\ymphocytes by lpopolysascharde B n culture Studies on cells circulatng in maternal blood Acta
path microbiol scand Sect C, 86 159-164, 1978

Lipopolysacchande B (LPS) was used 1n attempts to stmulate fetal cells circulating 1n the maternal
blood during pregnancy Crystaline leukoagglunmin {LA), the muogenic properues of which are
idenucal with those of phytohemaggluunin, was used as a reference mitogen When artificial muxtures
of varyimg proportioss of lymphocytes from mothers (XX) and their newborn male infants (XY) were
co-cultured 1n the presence of these mitogens, LPS brought about a definite enrichment of XY mutoses,
indicating that even under these conditions of co~culture, LPS preferentially, though not exclusively,
sumulates the wnfant celis When celis from the blood of 13 women pregnant 1n the second trmester
with a male fetus were cultured with LPS as a mutogen, all muoses were found to be XX. Since
snterphase Y chromatn ococurred 1 uncultured lymphocytes from these women {cells contaung Y
chromatin were found 1n 5 out of 6 women tested), we conclude that LPS is unable 1o stimulate, or at

Jeast induce mutoses, 1 fetal cells circulaung 1n the blood of pregnant women. The nature of these cells
15 discussed

Key words Fetal lymphocytes, maternal blood, mutogens, Lipopolysacchande B,

O Turunen, Department of Medical Genencs, University of Helsinki, Haartmaninkatu 3, SF-00290
Helsinka 29, Finland
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MATERIAL AND METHODS
Tt 1s a well-known fact that cells interpreted as

beng of fetal origin occur 1 the blood of most
pregnant women (5, 6, 11,13, 14,17, 18) If these
cells could be 1solated or punfied they mught provide
a useful too! for prenatal d ic d

Cell sources Citrate blood samples were obtained from
healthy mothers within 12 h of delivery, umbilical cords
at delivery and women pregnant in the second trimester
¥ith a male ferus (karyotype determmed fater by

of fetal genetic duseases. If these fetal cells circuta-
ung 1n the mother's blood could be selectvely 1n-
duced to and divide by Li

nde B (LPS) then they mught also be isolated and
punfied (16). The aim of the present work was to
test the effect of LPS and other mitogens on cells
from pregnant women, 1n an attempt to obtain fetat

Isolation and culture of celfs When whole blood w:

Dot used, the lymphocyles were separated by u‘:
ls?pnqu=-anu method (4) and washed twice in MEM
Whole blood or monomuclear cells were cultured o
disposable polystyrene micraptates (Cooke Microuter®
System, Sterttim Ltd , Teddington, Middlesex TW 1
fﬂ(f"Zl.o Ucll(l Each well contamed 1 1o 3 x 105

auclear cells 1n a total of 80-9(
(Gibeo Bio-Cult, Glasgow, Scottand) and%l 0‘3";‘916 :1‘::2

Ten



inactivated pooled human AB serum. L-glutamine (1.28
mM), penicillin (32 TU/ml ) and Streptomycin (0.032
ng/ml) were added. The incubation was carried out at
37° C in an atmosphere of air containing §% CO,. The
proportions of maternal and cord blood lymphocytes in
the artificial mixtures were 99.1, 90:10 and 50.50.

Mit Crystalli leuk (LA) from
Pharmacia Fine Chemicals, Sweden, was used as a
reference mitogen throughout this study, the final
concentration being 20 pg per ml of culture medium.
Lipopolysaccharide B (LPS) from Escherichia coli
055.B5 was purchased from Difco Laboratories and
boiled in a water bath for 2 h before use in a final
concentration of 40 pg/ml.

Mitotic activity. Two hours before harvest 0 05 pg of
desacety icine (Ci id®, Ciba, Basel Swit-
zerland) was added to each well. At harvest 4-5 ml
0.075 M KC1 (hypotonic) was added to the contents of 3
to 4 wells, After 10 minutes the ion was

For this purpose we chose leukoagglutinin (LA), the
pure crystalline form of phytohemagglutinin
{PHA). Leuk in {LA) lacks ery i
nating and other undesirable qualities {10).

The effect of LPS in artificial mixtures of fetal and
maternal lymphocytes. The proportion of fetal cells
circulating in maternal blood is of the order of |
fetal cell, or less, per 1000 maternal cells {11, 18)
Hence there is an overwhelming majority of
maternal cells. To test whether LPS selectively
stimulates fetal cells appearing in the presence of
adult cells, we prepared artificial mixtures of known
numbers of cells from male cord blood lymphocytes
obtained at delivery, and lymphocytes from the
mother. We have previously shown that if such
cells are cultured separately, cord cells are stimulz-
ted with LPS, whereas maternal cells are definitely

centrifuged, the supernatant discarded and the cell pellet
fixed in a 3:1 mixture of methanol and acetic acid After
fixation for at least 0.5 h, slides were prepared by the
airdrying method. They were then stained with Acranil®
dihydrochloride, Pt 155735, Bayer Leverkusen, Ger-
many.

RESULTS

Leukoagglutinin as a reference mitogen. LPS, which
is a polyclonal B-cell activator, is a weak mitogen
for human peripheral blood lymphocytes (9). When
testing 1ts mitogenic activity, comparison should be
made with the effect of a known strong mitogen.

not sti d (16). The outcome of the experiments
using mixtures of cells is summarized in Figs. | and
2. If the proportion of input fetal (XY) cells is 50%
(Fig. 1¢), then 45-82%of all mitoses produced are
XY, irrespective of whether the mitogen is LA of
LPS, or if no mitogen at all is added. By contrast, if
the input proportion of XY cells was I per cent (Fig.
ta), LA produced 1-5% XY mitoses, while LPS
produced 2245 % . Extremely few mitoses, mostly
XX, arose in cultures to which no mitogen had begn
added (Fig. 1a). When the proportion of XY cells in
the mixture was 10% the proportions of the two
types of mitoses (Fig. Ib) were intermediate
between those already described.
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Fig. 1. Proportion of XY mito:

it mitogens. Lymphocyte cultures with 1
e e g H Y  Mitoses were arrested by treatment with Coll

f culture a) 1%, b) 10%, ) S0%.

and 5 x 105 cells per mi{LA) were used. :
culture. Proport oa of XY cells at the begmnu_-Lg of
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Proporuon of XY cells at the begmmng of culture a) 1%, ) 10% White columns no mitogen, black cotumps. LPS

To evaluate these results fully, the total number

of mitoses in each type of muxture must be known.
Figs 2a and b show the numbers of mutoses from
the 1% and 10% mextures, respectively (when the
proportions of the two cell types were equal (50%)
lasge numbers of mutoses occurred). Taken together,
these expenuments mdicate that the mexed leukocyte
reaction (no mutogen used) provides, not unexpec-
edly, many mitoses under 10 90 and 50.50 muxture
ooditions, while with the proporuon 1 99, only
few mitoses occur On the other hand, LPS
produces numerous mutoses even m the 199
muiture, and the proportion of XY (fetal) mutoses 1s
greatly enriched with respect to the input. The same
trend 15 obvious n the 10.90 mixture Under alt
theee mmpare conditions, the proportion of mutoses.
produced by LA does not differ greatly from the
mput proportion. One further point should be
noted 1t s obvious that the surmulation of maternal
cells by LPS 15 enbanced by the muxed leukocyte
Teaction, since so many XX mutoses are produced
with LPS eg 1 the 199 muxture, although we
have previously shown that LPS alone 1s unable to
sumulate adult human lymphocytes (16).

We conclude from these Studies that cord cells
co-cultured with adult cells are preferentially,
though not exclusively, sumulated by LPS 1n vitro

The effect of LPS on cells from the blood of
pregnant women If LPS does selectively sumulate

those fetal cells that occur in the blood of pregnant
‘women, then culture of cells with LPS from women
pregnant with a male fetus should produce at least
some XY mitoses.

A preliminary series of experiments was designed
10 test, by the wterphase Y chromatin (Y body)
techni ‘whether Y i ing lymp-
hocytes actually do occur 1n women expecting a boy,
but not in women expecting a gl Blood was
obtamed from 13 women atiending a prematal
diagnostic service. Shdes of uncultured leukocytes
were prepared for quinacrine fluorescence analysis
of interphase Y chromatm, which wes performed
before the sex of the fetus was known. To avoid
misinterpretations of unusually large brightly fluo-
sesoent autosomal regions {11, 13), mitoses from ali
13 women were first screened in the fluorescence
microscope. Two cases had to be excluded from
further analysis because of bright awtosomal fluore-
scence After the samples had been taken from the
mothers, amniocentesis was performed for varigus
Teasons, mosily advanced maternal age. Alternati-
vely, induced abortion was performed for different
reasons. Thus the sex of the child became known
either through the karyotype or phenotype, or both.
The results from the 11 mothers tested are shown in
Tgble 1. As can be seen, of the 6 women pregnant
vn_\h 2 male fetus, 5 had at least 1 cell out of 5000
Wwith Y chromatn. None of the $ women with a




inactivated pooled human AB serum. L-glutamine (1,28
mM), penicillin (32 IU/ml ) and Streptomycin (0.032
pg/ml) were added. The incubation was carried out at
37° C in an atmosphere of air containing 5% COQj. The
proportions of maternal and cord blood lymphocytes in
the artificial mixtures were 99:1, 90:10 and 50:50.

Mitogens. Crystallized leukoagglutinin (LA) from
Pharmacia Fine Chemicals, Sweden, was used as a
reference mitogen throughout this study, the final
concentration being 20 pg per ml of culture medium
Lipopolysaccharide B (LPS) from Escherichia coli
055:B5 was h from Difco Lab ies and
boiled in a water bath for 2 h before use in a final
concentration of 40 pg/ml.

Mirotic activity. Two hours before harvest 0.05 pg of
desacet icine {Ct id®, Ciba, Basel Swit.
zerland) was added to each well. At harvest 4-5 m]
G 075 M KCi (hypotonic) was added to the contents of 3
to 4 wells. After 10 munutes the suspension was
centrifuged, the supernatant discarded and the cell pellet
fixed in a 3:1 mixture of methanol and acetic acid. Afier
fixation for at least 0.5 h, slides were prepared by the
airdrying method They were then stained with Acrani}®
dihydrochloride, Pt 155735, Bayer Leverkusen, Ger-
many.

. RESULTS

Leukoagglutinin as a reference mitogen. LPS, which
is a polyclonal B-cell activator, is a weak mitogen
for human peripheral blood lymphocytes {9). When
testing its mitogenic activity, comparison should be
made with the effect of a known strong mitogen.
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For this purpose we chose leukoagglutinin (LA), the
pure crystalline form of phytohemagglutinin
(PHA). Leu} inin {LA) lacks erythroaggluti
nating and other undesirable qualities (10).

The effect of LPS in artificial mixtures of fetal and
maternal lymphocytes. The proportion of fetal cells
circulating in maternal blood is of the order of |
fetal cell, or less, per 1000 maternal cells (11, 18).
Hence there is an overwhelming majority of
maternal cells. To test whether LPS selectively
stimulates fetal cells appearing in the presence of
adult cells, we prepared artificial mixtures of known
numbers of cells from male cord blood lymphocytes
obtained at delivery, and lymphocytes from the
mother. We have previously shown that if such
cells are cultured separately, cord cells are stimuls-
ted with LPS, whereas maternal cells are definitely
not stimulated (1 6). The outcome of the experiments
using mixtures of cells is summarized in Figs. 1 and
2. If the proportion of input fetal (XY) cells is 50%
(Fig. 1c), then 45-82% of all mitoses produced are
XY, irrespective of whether the mitogen is LA of
LPS, or if no mitogen at all is added. By OOm.raSLAlf
the input proportion of XY cells was 1 per cent (Fig.
la), LA produced 1-5% XY mitoses, while LPS
produced 22-45%. Extremely few mitoses, mostly
XX, arose in cultures to which no mitogen had bee'n
added (Fig. 1a). When the proportion of XY cells in
the mixture was 10% the proportions of the 10
types of mitoses (Fig. Ib) were intermediate
between those already described.
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and § x 105 cells per mi {LA) were used. Mitoses were arrested by treatre;
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ocyte cultures with 1§ x 108 cells per mi (LPS and

thers
(Y} new boras and theirt ".w
o controls without mitogen)

nt with Colcemid for the fst {#e hoursof

culture. Proportion ~f XY cells at the beginning of culure a) 1%, b) 10%. ¢) 50%.

Symbols: @ = ¢ §,0 = LA; O = no mitogen.
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spread is unambiguous with quinacrine fluore-
scence Blood obtained from 13 pregnant women
attencing 2 prenatal diagnostic service was used
after the sex of the fetus was determined to be male
as ndicated above. Isopaque-Ficoll isolated tympho-
cytes and/or whole blood cells were cultured for
varsous periods of time without mitogen and with
LPS Mitoses were arrested by treatment with
Coloemnd for the fast two hours of culture. Slides
were prepared using ordinary cytogenetic techni-
ques to obtam good mitotc spreads. Mitoses were
localized by phase contrast microscopy of unstained
shides The shides were then stained with quinacrine,
the mitoses relocalized and studied m the fluore-
scence microscope for the presence of 2 Y chromo-
some The results from the |3 patients are shown 1n
Table 2 The first six patients are identical with the
first six in Table | There were only a few mitoses
1n one patient when no mitogen was used All were
XX LPS produced varying p tons of smtoses.

mitogens the suppression of mitoses of maternal
cells did not seem to be altered (8)

It has been estimated that the proportion of fetal
cells in 2 pregnant woman is about 1 fetal cell per
1000~5000 maternal cells (11, 18). The mixture
containing 1% cord blood lymphocytes and 99%
maternal lymphocytes was designed to resemble the
conditions in the peripheral blood of pregnant
women In this experiment a 45-fold enrichment of
XY (fetal) mitoses was achieved when LPS was
used as mitogen. The maximum stimulation occur-
red on day 6 of culture, which 1s usual for LPS (16}
LA induced a somewhat higher proportion of XY
mitoses (5%) than would be expected (1 %). This
could be due to a greater sensitivity of cord blood
ymp! to stimulation by LA, d with
maternal lymphocytes, but the mixed lymphocyte
Teaction may also be responsible for this, at least in
part In this context it shoutd be noted that the

m 6 of the 13 patients, but even here not a single
XY muosis was seen Swce we know that Y
chromatn-posstive 1nterphase cells occurred in at
feast 5 of these women we conclude that mitoses
produced by LPS under these conditions are
maternal and hence LPS 1s unable to stimulate, or at
least bring about division, i fetal cells curculating 1
the maternal blood during pregnancy

DISCUSSION

The present results are n good agreement with our
earlier observations (16) and show that it ts possible
1o enrch ymbilical cord lymphocytes in artificial
mixtures with maternal tymphocytes It should be
kept in mind, however, that umbilical cord lympho-
Cytes may differ from fetal lymphocytes 1n responsi-
veness 1o various mitogens On the other hand, fetal
and adult lymphocytes do not daffer greatly e g. in
therr proliferation response against xenogeneic and
allogeneic lymphocytes (2)

‘When artficially mued lymphocyte cultures are
Studied, the 1nteraction between maternal and cord
blood lymphocytes has to be considered It has been
shown (7} that a 50 50 muxture of viable maternal
and neonatal lymphocytes yields more than 50%
XY (fetal) metaphases because of mhibition of the
divisions of maternal cells In most mixed leukocyte
Studies, however, the two cell types were muxed in
¢qual proportions, whle 1 our expeniments we also
tested muxtures 1n Which the percentage of cord
blood lymphocytes was 1 and 10 Under such
crcumstances the suppressor acuvity of the neona-
1al lymphocytes may be greatly reduced When
mixed tymphocyte cultures were stumulated by

Yy known as the mixed
teukocyte reaction mostly results in fewer mitoses
than in cultures containing soluble stimulants (1) and
is especially weak in mixtures between relatives (3).
Since we always co-cultured cells from mothers and
their newborn childrer, the mixed leukocyte reac-
tion should have been of limited magnitude.

In the second part of this study LPS was used to
sumulate cultures of lymphocyies from women
pregnant in the second trimester with a male fetus
Y-bodues occurred in the interphase nuclei of some
of these lymphocytes, indicating the presence of
fetat cells However, not a single XY mutosis could
be detected amongst the metaphases of the mothers
‘when lymphocytes or whole blood were cultured in
the presence of LPS There were, however, some
XX (maternal) mitoses 1n some cultures Even in
cultures without any mutogen, maternal mitoses
occurred Thus most of the maternal mitoses 1n the
cultures with LPS can be assumed to have arisen
spontaneously.

Qur senes conststing of 13 mothers pregnant
with 2 male fetus is small, but at least a fow
detectable XY {fetal) mitoses in some of the cases
were expected, since 1t is believed that the fetal cells
occurring 1n the maternal circulation are lymphocy-
tes of lymphocyte-like cells. They could, however,
be something else, e g monocytes {12) and beoome‘
ehmmated during the Isopaque-Ficoll isolation
procedure. This point was tested by using whole
bl(?od cultures from 6 women, but even so no Xy
mitoses were found. If the fetal cells are lymphocy-
tes then they must be unresponsive to LPS under
these culture conditions. They might be masked
(15). Thus not even LPS, which stimulates fetal and
m'dxblc“’d lymphocytes in separate cultures, i
unable to activate those fetal cells that circutate in
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TABLE 1. Search for Y Chromatin-Postive Cells in 1] Pregnant Women in the Second Trimester. The Determinaians
were Made Before the Sex of the Fetus Became Known

Initials and age No. and sex of previous No. of Y-bodzes per Sex of
(years) of mother children; abortions 5000 interphase cells fetus
M.L. 40 - 27 M
K.N. 39 - 0 M
A.E 40 2 F; 1 A(1959) 2 M
ES. 40 1 M (1962) 1 M
P.P. 15 - ! M
AY. 23 I'F 2 M
SV, 42 - 0 F
M.A. 39 - 0 F
T.H 28 IF 0 F
EN. 40 - 0 F
RH. 39 - 0 F
M = male
F = female
A = spontaneous abortion

female fetus had any Y chromatin-positive cells.
Hence our results were simular to those obtained in
previous studies (I 1, 13, 18) and indicated that fetal
cells contamning Y chromatin do occur in the blood
of most women pregnant with a male fetus.

The search for XY mitoses in LPS-stimulated
cultures from pregnant women was then continued
in females actually known to expect a boy. Blind
testing was no longer judged to be necessary sinL_‘e
the identification of 2 Y chromosome in 2 mitotic

TABLE 2 Scarch for XX and XY Mitoses in Cultures of Peripheral Blood Cefls from 13 Women Pregnant witl a Male
Fetus in the Second Trimester (14-17 Weeks) Oniv XX Mitoses were Found

Inttials and age Week of No and sex of previous  Days of No of mutoses) per 105 cellst}
(years) of mothers ~ pregnancy  children, abortions culture
Withowr mstogen LeS
Lymphocytesc)  Whote blood L)mphoc)"‘"
ML 40 16 - 4567 ND ND 0
KN 39 15 - 3478 ND 005 008
AE 4 15 2F 4.5.6.7 ND ND 0
1 A (1959}

ES 40 15 1 M (1962) 3678 ND 0 0
PP 15 15 - 5.6.78 ND 0 ¢
AY 2 16 I 367 0 0 004
AR. 29 16 IF 5 ND I\ D 0 2:
VT 40 17 - 6.7 0 ND (l) :6
sp 25 15 I'F 4.6 091 ND 06
MM 36 16 - 4.6.7 0 ND o -
MT 40 14 1 AWU967) 6.7 ND 0' o
SH 19 16 - 6.7.8 [ ND 0
PT 17 16 - 3.6.7 0 [
= 4) All mitoses were AN

?ID. - nm(;ll:eltrmmcd b) Number of muoses observed divided by the number of cells present

ir female at the start of culture )

A = spontaneous abortion ) Cells separated by the I-F method (e, text

(sex of fetus unknown}
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enylbutazone on human leukocyte i and i
El‘;nggﬁ:? :a(aitlia yhas been examined A marked reduction of chemiluminescence and intracellular
Kkilng of bactera was observed The effect on phagocytosis was '.“s pronounced Hrgh drug
concentranons nearly abolished Light emission, and concentrations equivalent to those obtamned n
plasma during therapy caused a 25-30% reducuon The effect occurred withia less than 10 mmutes
No permanent effect upon restng cells was cbserved. Phenylbulaz(_me reduced the effect of sog?xum
ande on Jeukocyte chemiluminescence, indicating that the drug might a.lsn_ 1nhibit myelopemxxda‘se
dependent chemtuminescence Whether these impairments of leukocyte function also take place in sivo

resulung in enhanced suscepubility to infection remains unknown.
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Several disease syndromes characterized by re-
current infections have been related to defects n
h or killing of

scence, which can be detected and quantitated 1 2
liquid scintillation counter Using this technique, we
have compared the effect of phenylbutazone on

msms by (PMNs).

leukocyte and

Evidence 1s now accumulating that commonly used
therapeutic agents might also influence granulocyte
functions (5, 7. 14). In previous studies, 1t was
found that phenylbutazone, a chinically useful anti-
mflammatory drug. reduces rabbit (20) and human
{12, 19) teukocyte function, the latter even at
therapeutic concentrations Recently, a sensitive
technique bas been developed which measures
granulocyte actvation during phagocytosss (1)
Following parucle mgestion, the microbicidal me-
chanssm of the granulocyte ts activated and excited
molecular oxygen and carbonyt groups are genera-
ted(1,2) Upon relaxation to the ground state, these
molecules emut photons resultung 1n a chernitumine-

kilhng of bacteria.

MATERIALS AND METHODS

Leukocytes

Hepaninized blood (10 u/ml) from healthy human
donors was alfowed to settle for 30 to 60 munutes at 37°
C The leukocyte rich plasma was removed, the cells
sedimented and washed twice n sterile  phosphate
buffered salhine (PBS = 4500 mi distdled water, 52 g
NapHPO4, 09 g KCL, 09 ¢ KH)PO4, 36 g NaCL) by
centrifugaton at 100 g for 10 minutes and resuspended
m PBS t0 a concentration of 1 0 x 197 PMNs/m}
Opsonization of Zymosan

-ymosan particles (100 mg) were wash i

! PBS The pellet was then rzsuspends ?:n:c::lmlzl:

VTS



the maternal blood, This finding should be related to
the fact that the cells in question are also unrespon-
sive to leukoagglutinin (18) and a number of other
mitogens {12).

This work was supported by grants from the National
Foundation ~ March of Dimes (No. 1-405), the Sigrid
Jusélius Foundation and the Nordisk Insulinfond. We
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Fig I Effect of phenylbutazone on zymosan induced
lewkocyte chemuluminescence

valent to those obtained in plasma during therapy
1¢ 50 - 120 pg/m) caused a 20-30% reduction,
and even 625 pg/ml had a sigruficant influence
(Fig 1), Controi experiments with leukocytes and
phenylbutazone in concentrations from 0 00625 to
16 mg/mi demonstrated that 97 to 99% of the
neutrophils resisted stamng with trypan blue,
indicating that therr functional integrity was ntact,
However, when the leukocytes were mcubated in
the presence of 3.2 mg phenylbutazone/m, only
75% of the neutrophuls resisted staning with
trypan blue

Pulse experiments with phenylbutazone were
€arned out to see how fast the drug might influence
granulocyte function Phenylbutazone was added to
the reaction muxture 10 and 20 munutes after
intiation of the test procedure. A significant
feduction wn chemifuminescence occurred after 10
minutes (Fig 2) No reduction was observed 1n
control tests pulsed with PBS

To study whether Pphenylbutazone was bound o
the PMNs, leukocyte suspensions with 1.6 mg
phenyibutazone per mi and controls containing po

drug were incubated for 15 minutes at 37.° C
Following incubation the cells were washed twice in
PBS and exposed to opsonuzed zymosan as previo-
usl§ described. There was no residual effect of
phenylbutazone upon subsequent exposure of the
PMNs to zymosan. .
1n order to determine if phenylbutazone inhibits
the chemiluminescence dependent upon myelope-
roxidase (17), sodium azide, a myeloperoxidase
inhibutor, was added to reaction mixtures with and
without phenylbutazone (Fig. 3) In the absence of
phenylbutazone, 65 mg/ml {ImM) sodium azide
caused a 30% reduction of zymosan induced
ilumi; When low i of
phenylbutazone were utihized ie. 0.1 mg/mlor less,
sodium azide further reduced chemiluminescence by
approximately 30%. In the presence of high
concentrations of the drug ie. 1.6 ~ 3.2 mg/ml,
sodium azide had less effect, however, indicating
that i jlumi:
can be inhibited by high concentrations of phenylbu-
tazone

L4

CHEMILUMINESCENCE {cpm x10%)

10+

resting cally
o
[}

@ 3
Fg 2,60 TIME {minutes)
18 2. Effect on zymosan inguced | .
nescence of 16 mg p eukocyte chemutumi.

henyIbutazone/mi
TEACOR mSture 2t 10 and 20 mymger o ' B



human serum to a concentration of 10mg/ml. The
suspension was mixed on a vortex mixer, capped and
rotated on a roto rack (Fisher Scientific, Santa Clara,
Calif.) for 60 min at 37° C. The opsonized particles were
recovered by centrifugation at 1800 g for § min, the
supernatant discarded and the particles resuspended in
PBS 10 a final concentration of 10 mg/ml,

Drug

Sodium phenylbutazone {manufactured by Geigy,
Basel, Switzerland} was dissolved in PBS and added to
the incubati it giving {inal concel ions a
indicated in the text and figures.

2

Reagent
Sodium azide (obtained from Sigma Chemical Co., St.
Louis, MO) was dissolved in PBS and added to the

approximately 10 minute intervals for 60 muutes and
the results recorded in mean couats per minute (CPM)

Phagocytosis Assay

Phagocytic uptake of radiolabelled bacteria by human
PMNs was determined by a modification of the method
previously described by Mandell (15) Monotayers of
human leukocytes were prepared by incubating 03 ml
leukocyte suspension on 18X 18 mm glass coverslips at
room temperature for 30 minutes. Nonadhering cells
were washed off with PBS and 0.3 m! (IxIp!
organisms) of the opsonized, radwolabelled bactenat
suspension was added to each coverslip Control
suspensions contained only bacteria {1 x 108 organisms)
in medium 199 while test suspensions also contzined
phenylbutazone. At intervals of 1, 10, 20, 30, 40, 50
minutes the coverslips were washed with PBS, placed in

giving final as
indicated 1n the text and figure.

Bacteria
3H-labelled B-hemolytic streptococci, group B were
prepared by incubating O.1 ml of fresh bacterial

vials ing 5.0 ml aquasol {New
England Nuclear, Boston, Mass.) and counted 5 minutes
in a Beck LS-100, sci ion counter

examination of control coverships stained at each time
interval showed the monolayers to be e enly distnbuted,
and the number of adherent cells (5 x 10515 x 108 per

ip) was esti by counting cells in 5 random

suspension in Todd-Hewitt medium i 3H-
leucine (5 pCi/mi) at 37° C for 24 hours. The
concentration of bacteria was determined by streak
plating serial dilutions of the suspension The bacteria
were killed by heating at 60° C for 1 hour, washed 3
times in PBS, resuspended in PBS to 3.3 x 103/ml and

P

grids at 400 power and multiplying the average by the

number of grids (20227) per coverslip The accumulated

CPM/106 cells were calculated at each intersal and

plotted agaiast time Controls with bactersal sucpensions

added to coverslips without cell monolayers showed 6o
ion of radioactvity.

stored in § ml aliquots at —20° C. I i prior to
use the bactena were thawed and opsonized by
incubating a 6:1 (bacterial suspension: human serum)
ratio for 30 mimutes at 37° C. The suspension was
washed once by centrifugation and the bacteria resuspen-
ded to the original volume 1n medium 199

Staphylococeus aureus

»Oxford« (Heatley strain obtamed from the National
Collection of Type Cultures, Colindale, London 1958)
was cultured overmght in Penassay broth {(Difco),
washed twice 1n 0 45% saline and suspended 1n PBS to
an optical density of 0.6 at 620 nm n a Beckman

. This was diluted 1n PBS

10 a concentration of 14-20 x 107 colony forming umts/
ml
Chentluminescence Procedure

The chemiluminescence procedure has previously
been described (3, 9. 10} Briefly, the control reaction
mixture contamed 28 ml PBS, 02 ml opsomzed
zymosan and 0.5 ml leukocyte suspenston making a total
volume of 35 ml The test reactton micture contamned
2.7 ml PBS, 0 1 m! drug and/or reagent solution, ¢ 2 m)
opsonized zymosan and 0.5 ml leukocyte suspension
making a final volume of 3.5 m! The muxtures were
made in Beckman Poly Q scintillation vials (Fullerton,
Calif.) which were wrapped in aluminum foil and stored
in dark for at least 24 hours prior to use The vial was
i diately capped upon of the reaction
mixture and placed at ambient temperature in a Beckman
LS-100c scintillation counter (Fullerton, Calif) out of
phase and with one photomultiplic{ tube disconnected
Duplicate vials for each test condition were counted at

Assay for Phagocyiosis and Intracellular Killing of
Bacteria

The phagocytic and bactericidal acuvities of the
granulocytes were determined as previousty described
(18) 0.5 mi leukocyte suspgnsion, 0 4 mt 25% pooled
human serum as opsonin and 0 | ml bacteria suspensiot
were added to plastic tubes This provided about
bacteria per PMN and a final concentration of 0%
serum. In the tests with phenylbutazone, the drug w35
added to the leukocyte suspension and diluted Stltum
1mmediately before mixing with the bactena suspension
The tubes were incubated at 37° C and samples removed
at prescribed intervals for the determinations of the }oul
number of viable bacteria and the number of viable
intracellular bacteria as previously descibed (18) The
bactericidal capacity of the granulocytes 1s propcruomlI
{0 the total number of bacteria kiled and inversely
proportional to the number of viable intracellular
bacteria (18). The number of bacteria phagoc)“l"’
equals the number of viable intracellular bactena plus the
number of bacteria killed {18)

Statstical Method
The Wilcoxon-test for 2 samples was used

RESULTS

Chemiluminescence o

Phenylbutazone markedly reduujd chemilumine-
scence. High drug concentration ie 1_2 mg/n}l
nearly blocked light emission; concentrations equi-
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between 0 and 0025 mg phenylbutazone/m! were not

significant (p5 0 1) The differences between the other

groups at 75, 15, 30 and 60 munutes were significant
{p<001)

DISCUSSION

Phagocytosis and intracellular killing of bacteria
and fungi represent cornerstones of the host defence
mechanusms. Whether these functions may be
influenced by commonly used drugs such as
rphenylbutazone is, therefore, of significant clinical
importance. In the present study, as well as in
previous studies (12, 19, 20) phenylbutazone caused
2 marked reduction in the intracellular killing of
bacteria by human granulocytes. The influence of
the drug on zymosan induced chemiluminescence
was also striking: 3.2 mg phenylbutazone/mt
reduced the chemiluminescence by as much as 30—
90% and even 6.25 ve/mi cavsed a significant
teduction. However, there seemed to be 1o strict
correlation between the reduction of chemilumine-
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Fig. 3. Effect of phenylbutazone (left) and
leukocyte chemiluminescence,

sodium azide (1 mM) plus phenylbutazone (right) on zymosan induced

Phagocytosis and Intraceflular Kilting of Bacteria

In the tests with leukocyte monolayers and *H-

Phenyl- labelled streptococci, a 40% reduction of normal

butazone phagocytosis at 50 minutes was observed n the

{mg/mi) presence of 1.6 mg phenylbutazone and a 15%

a reduction in the presence of 0.4 mg/mi (Fig. 4

Lower drug concentrations (0.1 and 0.025 mg/ml)
did not significantly influence phagocytosis.

- 04 In the tests with leukocytes and Staph. aureus, 2

marked reduction of total colony counts was
observed in the control tests (no phenylbutazone)

» 186
and very few intracellular bacteria remained viable

after incubation for 60 minutes (Fig. 5), demonstra-
ting both rapid phagocytosis (Fig 6} and intracellu-
far killing of bacteria. In the tests containing 1.6 mg
phenylbutazone/ml, however, nearly all bacteria
rematned viable after incubation for 60 minutes,
and large numbers were located intracellalarly,
bactena demonstrating markedly reduced intracellular kil-
alone ling of bacteria and 40-50% reduction of phagocy
inft of lower of

i
04 ommamnmagennagenne T cells dlone tosis The s
20 pheny and i

40
TIME {minutes)

killing of Staph. arxreus by PMNs was proportional
to the level of the drug, and 25 pg phenylbutazone/

Fig 4 Effectofp on feukocy

P
s1s of JH-labelled beta-hemolytic streptococci, group B

B ml did not significantly influence PMN functions.
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scence and bactericidal actwity of the cells. The
lowest drug concentration ie. 6.25 pg/m! which
significantly reduced the chemiluminescence, did
not influence the intracellular killing of the bacteria
and drug concentrations which seemed almost to
abolish the bactericidal activity i.e. 1.6 mg/ml and
in addition caused a 40-50% reduction of phagocy-
tosis (engulfment), caused only a 60% reduction of
light emission, indi that the ct iscence
does not only reflect the microbicidal capacity of the
cells.

The reason for the marked inhibition by phenyl-
butazone of light emission by phagocytizing granu-
locytes is not obvious. However, the microbicidal
action of leukocytes is supposed to proceed in part
through oxygen dependent reactions. Following
particle ingestion, molecular oxygen is reduced to
superoxide radical anion which, together with its
products, may react directly with the microorga-
nism (4, 11), or hydrogen peroxide and a halide may
act as substrates for the halogenation of bacteria by
myeloperoxidase (13). Both superoxide — and
myeloperoxidase — dependent reactions exhibit
chemiluminescence in vifro and they appear to be
the major sources of light emitted during phagocy-
tosis (17). In previous studies, it has been demon-
strated that phenylbutazone, mainly by acting on
two key enzymes (G6PDH and 6PGDH) in the
hexosemonophosphate shunt, inhibits the shunt
activity, resulting in markedly reduced hydrogen
peroxide production (20). The close linkage between
hydrogen peroxide and superoxide anion generation
indicates that superoxide production and superoxide
dependent bactericidal activity are also reduced.
This could be in agreement with the observation
that emission of luminescence by phagocytizing
cells correlates with the actwvity of the hexosemo-
nophosphate shunt {1).

‘Whether phenylbutazone can also inhibit the
bactericidal activity of myeloperoxidase 1s not well
understood. However, hydrogen peroxide has been
shown to be a lysosomal labilizng agent (21)
Accordingly, mnhibition by phenylbutazone of hy-
drogen peroxide production may prevent lysosomal

dati ing n d d ilability of
myeloperoxidase. Furthermore, since hydrogen per-
oxide together with myeloperoxidase and a hahide
act synergistically as a potent bactericidal system,
lack of hydrogen peroxide will intubit the acuvity of
this system and probably also the myeloperoxidase
dependent chemituminescence The finding in our
study that high co ions of phenylbutaz
markedly reduce the depression of chemuumine.
seence associated with sodium azide, suggests that
this agent also acts to inhibit myeloperoxidase
dependent chemiluminescence.

Whether the inhibition of leukocyte functioa
demonstrated in this study also takes place i 1i0
reducing antimicrobial host defence, is not kaown
However, following oral administration of therzpe-
utic doses of phenylbutazone, plasma levels of 50 1o
120 pg/ml are usually reached (6, 8). The
biotransformation of the drug is also slow, avera-
ging about 20% per day and plasma levels of 20 to
40 pg/ml may be found as long as 7 days afier
therapy is discontinued {8). In the present study,
100 pg/m! caused 2 marked reduction in chemily-
minescence and intracellular killing of bacteria by
the granulocytes and even 6.25 pg/m! reduced the

hemilumi Finally, as d d in the
present study, the in vitro influence of the drug on
granulocyte function is also rapid. However, the
protein binding is figh, and this may reduce the ir
vivo effect of the drug. Accordingly, to evaluate the
clinical relevance of our findings, extensive clinczl
studies may be indicated.

The reason for the therapeutic effect of phenylbu-
tazone in non-inft arthritis i i
remains speculative. However, typical for thes
conditions are the depolymerization of the hyaluro-
nic acid and the degradation of the synovial fluid
which may be caused by the hydrouy! mdi_al

duced by enzymatically g d superoxid
radical reacting with hydrogen peroxide (16} T?XC
most likely physiological source of superovide
radical appears to be metabolically activated grant-
locytes which appear in large numbers in 'lhc
inflamed joints and release superaxide not only into

the phagocytic vacuole but also into the surrounding
tissue. Accordingly, the thetapeutic effect of ‘pheny)-

in arthritis infl may be due 10
inhibition of superoxide radical and h)‘drggc‘n
peroxide production by the granulocytes. This &5
also in agreement with the findings that superotide
dismutase and catalase protect synovial fluid against
such degradation in vitro (16).
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Three human mahigoarnt tumors and a rat carcinoma (Walker 256). which all showed strong Fe
Teceptor activity in tests with sheep erythrocytes (E) sensiized with rabbit 1gG antibodies (A), were
used to study the distribution of the receptor in subcetlular fractions 1snlz|fd by differential
centifugation Smears of the three crude sediments cbtained {nuclei, mutochondria rich and membrane
Tich) all possessed receptor activity EA mcubated in the suspension of cell fractions did not attach to
Fe receptor positive tissue sections or 10 cells in suspension Cells from which the surface receptors had
been eluted sull showed acuvity tn sections of cell pellets Apparently the Fc actvity 1s connected with
both external and interpal membranes

Key words Fe receptor, fumor-associated, localization.
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Several mvestigations have shown that human
and amimal malignant tssues possess receptors for
Ferlfor refs. see 3, 4) The receptors have special
affinsty for Fc appearing in antigen-antibody comp-
fexes. and can be detected using either sections of
frozen, unfixed wamors which adsorb sheep erythro-
cytes (E) sensitzed with rabbit 1gG antibodies (A),
©r using cells mn suspension formung rosettes with
EA However, the reactiity was usually weaker
®ith cells i suspension than with tissue sections
(8) This apparent discrepancy might depend not

sections, and a high percentage of single cells gave
complete rosettes with EA, Since this tumor could
be supplied in large quantities we decided to use it
for model studies on the cellular localization of the
Fc receptor. Comparison with human tumors was
performed according to availability of material. The
results are presented herein.

MATERIALS AND METHODS
Tissues

only upon the higher sensitivity of the tissue section
technique, but also on the i ion of receptors

Specimens from buman malignant tumors were
obamed ffom tssuc of organs removed durmng surgery,

Within the cells 1n addition to the localization on the
surface The surface receptors may also be covered
with IgG in vivo, leaving manly internal receptors
avalable for in vitro testing with tissue sections.
By screening some mouse and rat tumors for Fo
receptors, we observed thata rat carcinoma (Walker
tumor 256) gave strong reactions using tissue

and c; of tumors

sections (see belaw) were sefected,
Rat tumor Watker 256 {earcinosarco, igi:
ma) -
pally obmed from Dr. Schloert, Depzr‘::isn;"gx:f
Surgery, Kansas City, and was maintained by transplan.
1ation s <. 1o Sprague Damdey rans every fourth week






[ABLE 1. Fc Receptors n Sections of Malignant
Tumors Actoity of Various Tumors in Adsorption of EA
Sensinzed by Varwous Amounts of IgG Annibodres
Distribution of Numbers of Tissue Types According to
Degree of Sensitzation Giving End Foint Reactons

EA with no of
Type of ussue No  aggluunating unns of A
Yo U e e
Heman tumors
Melanoma 3 Pt
Leomyosarcoma 1 1
Carcinoma of
Lung 2 IR
Stomach 2 1 1
Bladder i 1
Colon 1 1
Breast 5 3 01t
at umor
Walker 256 (10 mdvidual) 6 4

rom the lack of reactivity with EA made with
Tab')fragments of the sensitizing antibody. Like-
vise there was no reaction with sections left in PBS
1156°C for 15 mun, while neuramuudase treatment
of the sections increased the reactivity. These
‘haractensues are simitar to those of human
nahignant tumors (10}, and we therefore considered
the murine tumor a good experimental model Most
of the following experiments were primantly perfor-
med with the Walker tumor smce sufficient
amounts were readiy avadable, and the human
Tumors were employed 1n final tests for comparison,
and confirmation or control of the findings with the

rat tumor
The cefl suspensions were tested for percentage of
rosette forming cells using E sensitized with various
amounts of A as described Ths test was dependent
on having good dispersion of the tssue cells, in
2ddition to the rat tumor, only one melanoma, one
breast carcinoma and one bladder carcinoma gave
1 results of

tory
these tests are shown m Fig 1
As described earlier (8. 10) the rosette formation
s dependent on the degree of sensitization of the
EA. but apparently there was no mncrease m
Bumbers of rosettes by increasing the amount of
18G above | agglutinating unit. However, counting
roseties with these strongly sensitized EA was
hampered by the spontaneous clumping of the
sensiized EA - Expeniments to overcome this
Afficulty were performed using formahinized E
“hch form only small clumps i excess of
antibodies Ths percentage of rosettes obtained were

parallel to the numbers obtained with untreated E,
indicating that detection of surface Fc Teceptors
reached a level where no more cells participated in
the reaction in spite of increastmg the sensitization of
EA.

Of interest is the observation that the rat tumor
and the bladder carcinoma gave the same strength of
reaction with tissue sections and with cells m
suspension, while the other two tumors showed
lower reactivity using cell suspensions

Table 2 shows the results obtained in tests with
smears of the cell fractions of the rat tumor.
Sediments | and 2 had much the same activity as
the sections, while sediment 3 (microsomal or

b rich i 310 4 steps
lower activity These data suggested that the
receptors might also be present on internal membra-
nes. This assumption was corroborated by the
results of the following experiments Tumor cells
were treated with neuramimdase to reveal all
receptors on the surface of the cells (10). The
percent EA rosettes (at 4 unit sensitization) in-
creased from 52 to 85. Then the surface receptors
were eluted by suspending the cells in 0.1 M glycine N
/HC1 buffer pH 2 5 (105 cells/ml) at 20° C for 15
min The cells were immediately washed in PBS and
tested for Fc receptor activity No rosettes were
formed even with EA sensized with 8 agglutina-
ung units of A (formatinized E) The treated cells
were then pelletted by centrifugation and the pellet
‘was frozen. Cryostat sections of the pellet adsorbed

60

»
o
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~
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1764
EA WITHNO AGGL.UNITS
Fig 1 Fc receptors on cells from the rat tumor
rand thre
buman tumors Perceatage of cells in suspension malu:;
foset
mx,;"f"’ EA sensiuzed by vanous amounts of IgG
[of

O Walker tumor 256
A Bladder carcinoma
® Breast caranoma
B Melanoma
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using the trocar technique. Tumors were removed
aseptically at various times after transplantation, and
necrotic and  hemorrhagic portions were removed
carefully. Muscle from the hindleg of normal rats and
normal rat and human kidney served as control tissues.
Tissue not used immediately was placed in phosphate
buffered saline, pH 7.2 (PBS), and wrapped in plastic
bags to be stored at ~70° C.

Single Cell Suspensions

Fresh tissue were minced with irs scissors and
suspended in PBS The suspension was centrifuged at
100 x g for | min to sediment the coarser particles. The
cells in the supernatant were sedimentet by centrifugation
at 400 x g for 5 min. They were washed three times in
PBSand r d in PBS to 2 x 106

One agglutinating unit is defined as the amount of the
highest dilution of antiserum which agglutinates an equal
amount of 2 1 per cent suspension of E (100 per ceat
equals E packed for 10 min at 1,000 x g). The washed
EA were used as a | per cent suspension {approuimately
2% 108 erythrocytes/mi). The tissue actvity was grade

ing to the reci of the units of
A on the weakest sensitized EA which gave reaction {§)

For some control experiments E were sensitized with
rabbit IgM antibodies.

For staining of the tissue sections after readimg
sections were fixed in 4 per cent formaldehyde as
described earlier (10} and staned with hematoxyln and
eosin

D: ion of Fc Receptors with Cells in Suspension

cells/ml. The cell suspensions were kept at 4° C.

Subcellular Fractions

Cell fractions were prepared using differential centri-
fugation at 4° C of tissue homogenate (Servall Omni-
mixer for 30 s at 4° C) made from fresh or frozen tissue
in four parts of 0.25 M sucrose in PBS (7). The
homogenate was centrifuged for 30 min at 1,500 x g
(sediment 1), and the supernatant was centrifuged for 30
min at 12,000 x g (sediment 2). The supernatant was
again centrifuged at 102,000 X g for 60 min (sediment
3} The final supernatant {soluble fraction) was also
saved. The {nucler rich, 1a rich,
membrane rich) were washed three times in cold PBS.
Suspensions of the sediments were made 1n PBS from the
packed sediments. Light microscopic examinations sho-
wed that the sediments prepared at different umes were
fairly uniform

Smears (approximately 5x 5 mm) of packed sedi-
ments were prepared in the center of large coverglasses
After the smears had dried at room temperature, they
attached firmly to the glass and could be used in tests
described below

Erythrocytes

Sheep erythrocytes were obtained from whole blood
kept 1n equal parts of Alsever’s solution Formalinized
erythrocytes were prepared following the method
described by Daniel et al (1)

Demonstration of Fc Receptors in Tissue Sections

The procedure was the same as described earlier using
the closed chamber techmque (10. 11) Cryostat sections
of frozen tissue on large coverglasses were incubated in
wet chambers with the indicator cells applied using
mverted microculture shdes with a single concavity
allowing the indicator cells (suspended 1n PBS containing
2 per cent NAC) to settle on the coverglass for 30 mm
The slides were then turned and left for detachment of
indicator cells from the glass and non-reactive tissue The
degree of hemadsorption (3+, 2+, 1 +) was recorded
microscopically when the glass around the tissue was

free of erythrocytes.
The indicator cells (EA) were prepared by sensiuzing

One or two drops of the cell suspensions were muxed
in glass tubes with equal volumes of the proper E4
suspensions. The mixtures were leftat 20° C for 2h The
cells were then gently resuspended and the percentage of
rosette forming cells determined in a counting chamber
using light microscopy at 430 x.

Inhibition Tests

Various lots of 2 per cent EA were mixed with equa!
volumes of soluble fraction or suspensions of sediments
2 or 3 (Sediment 1 was not used because 1t made 100
large clumps with EA ) The mixtures were leftat 20°C
for 30 min One half of the treated EA was washed three
times 1n PBS, the other half was not washed The three
EA preparations were then used 1n tests for Fc receptors
with tissue sections and with cells in suspension

Pepsin-digestion

The IgG fraction of rabbit antiserum to E was
digested as described by Stewart e al (6) The digested
product (Flab?); fragments) agglutinated E as well &8
undsgested control, but was free of Fc since E sensiuzed
by the digested product were not agglutinated by 2 Togh-
titered rheumatoid factor serum. .

Pretreasment of Tissue Sections

In order to study the effect of various preparations.
the sections were handled as described previously ( 10.
11). In braef, they were covered by the solutions and kept
in a moist chamber at 20° C or 37° C for | b The
treated sectiops were washed with PBS before they were
tested for hemadsorpuion of EA

EXPERIMENTS AND RESULTS

Table 1 shows the results obtained with the sclected
(umors tested with our standard method employed
in testng for Fe receptors in tissue sections The
Walker tumor 256 was one of the strongest
reacting tumors (activity 16 to 32); the EA amchcd'
to the sections in a diffuse pattern, apparently
covering both external and inlema} structures of the
large tumor cells. That the activity of this tumor

was dent on the Fe portion of the 158G

sheep erythrocytes (E) with ralllzk 1gG antil toE
as

le bound to the erylhrocytes was evident

units
(A) 1n various amounts exp

Sa



weparation of membranes involved dilution and
srolonged washing, Yoosely associated components
aould be lost during the process. Since all three

wivo and thereby block the in vitra reactivity.
Whether the cells carrying Fc receptors can
phagocytize 1gG which then might be ‘bound to

sediments (nuclear, drial and mal/
nembrane rich fractions) showed receptor activity,
t 15 possible that the receptors are also bound to
nternal membranes in addition to external memb-
ranes Although each fraction was contaminated
with all the other components, it is unlikely that
fragments of external membranes should be respon-
sible for all Fc receptor activity in each of the three
sediments Particularly sediment 2, the mitochon-
dna nch fraction, had repeatedly the strongest Fo
receptor activity.

That tnternal membranes possess Fc receptors
are also suggested by the results obtamned with
sections of cells with no surface receptors. Fc
receptors were easily demonstrated 1n the sectioned
cells Results with adsorption of EA to sections of
the tumors support this conclusion as EA attached
to the tissue m a daffuse pattern. Even with such a
large indicator as an erythrocyte, this was easy to
disunguish in the rat tumor which contained many
large tumor cells Apparently the same cells may
carry both external and internal receplors, sugges-
ting that the receptors are produced by, and can be
released from the cells. Recently 1t has been shown
that Fe receptor-like material is mdeed shed from
some human lymphoblastoid cell Jines (5)

The results obtamed with tumor cells 1n suspen-
sion 15 10 accord with earber results that the rosette
formation s dependent on the degree of sensitiza-
uon of EA In addition, treatment

internal and block these receptors also
remains to be investigated. This possibility is
supported by some of the results reported by Witz
(12), who found that IgG could be eluted from the
mitochondria rich fractions of murine tumors, but
in amounts 2 t 3 times less than the amount eluted
from corresponding membrane rich fractions. The-
refore, both external and internal receptors might be
covered in vivo, but one would suspect that the
surface receptors can most easily be blocked or
covered and therefore be quantitatively diminished
or even undetectable on some cells in vitro.

The localization of the Fc receptor in tumors to
external and probably also to internal membranes is
similar to the localizanon of the receptors for
cytophilic antibodies on and in monocytes and
macrophages (2). The only apparent difference being
that the latter receptors have higher avidity for
uncomplexed IgG. Tn this respect the tumor Fe
receptor 15 more Similar to the F¢ receptor on B
lymphocytes than on monocytes; however, at
present it is not possible to definitely distinguish
between these receptors on the three cell types (4,
10) On the basis of the results obtained with a
variety of mouse connective and epithelial tissue
twmors, Kerbel et al. (3) concluded that the cells
bearing Fe receptors were host cells, many of them
perhaps being macrophages in an activated state.
Expertments are currently in progress to further

Teveals receptors on more cells This indicates that
the Fc receptor is not a property of a distnct
subpopulation of celis {10)

such cells in human tumors,

This work was supported by a grant from the Women's
Auwxliary to the Veterans of Foreign Wars and by the
ica I

Our data do not allow defirute

and Surgical research

toncerning  the on the
various membranes Further detailed studies are
beeded, and electron mucroscopic investigations
with enzymes and other markers are currently in
progress  However, sice the two concentrated
subcelivlar fractions {mntochiondsial, and microso-
mal) did not show a sigruficantly increased activity,
the Fe receptor 15 tentatively present 1n highest
numbers on the cell surface Apparently there are
80 differences 1 avidity of the receptors on the
varous membranes as the fractions gave parallel
results with EA sensitzed o various degrees.
Further, the results of whitsuon experiments using
EA imcubated 1n membrane suspension ¢id not
Suggest any differences in avidity

ese findings have important imphications for
e selection of test systems for detection of Fo
recEptars, parucularly since other data (9) indicate
that 1gG ean be bound to the surface Fe Teceptor in
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E sensitized by )4 or more units of A, indicating
that internal receptors were still made available afiter
sectioning.

Experiments were then performed to study the
ability of the mi dria rich and b
preparations from the murine tumor (sediments 2
and 3) to inhibit the reaction of EA with tissue
sections of the same tumor. EA sensitized with 1,

TABLE 3. Adsorption of EA 10 Sections of Walker Tum..
256. Effect of Preincubation of EA with Various dmou -
of Cell Fracions of the Same Tumor  +

/5. U, or '/ agglutinating units were i
with equal vo! of ions of the sedi

at concentrations from | to 8 per cent as described
above. The results obtained with sediment 2 treated,
unwashed EA are shown in Table 3. The highest
concentrations of sediment inhibited the reactions

with all EA preparations and the lowest concentra-

tion still inhibited the weakest sensitized EA.

fich  prerestment Ef\ “.“h w of
with agglutinating unsts of A
TR
d Sedi 2,%
8 - - - -
4 24 - - -
2 ‘ 2+ 1+ - -
1 3+ 3+ 2+ 0+
Soluble fraction
Undil. 24 1+ - -
fin4 3+ 024 2+ 1+
PBS 3+ 3+ 2+ 2

Similar results were obtained with sedi 3.
Washed, treated EA gave almost the same inhibi-
tion patterns, indicating that the inhibition was the
result of a blocking of the reactive sites on the EA.
This was further substantiated by the finding that
sections which had not adsorbed the treated EA
gave strong reactions when tested with untreated
EA.

Whether the inhibitory material in the memb-
rane fractions had specificity for EA was investiga-
ted in absorption experiments. Aliquots of a 2%

ion of sedi 2 were incubated with equal

1 of packed formalinized d with 4
agglutinating units of IgG. IgGF(ab); and IgM,
respectively. After centrifugation, the supernatants
were used in inhibition experiments. IgGEA
exhausted the inhibiting effect, while the other EA
preparations did not influence the activity In
control experiments using cell fractions of rat

further experiments with the soluble fraction wert
not performed in this series.

The cell fractions from the three human tumets
showed similar patterns of reactivity as “.m o
tumor in tests with smears. Because of hmnaj

of material available, inhibition expen
ments were performed with selected EA prepar>
tions only. However, the pattems of reactions
obtained were similar to those obtained with therat
tumor.

Many human tumors could not be tested for cell
surface receptors because mechanical disruption of
tissue did not give single cells. However, smears 0
the tumor sediments again gave results comparabl
to those described for the other tumors. .

Single cells of the rat tumor were also slud.wd in
test with EA incubated i n of

muscle and kidney no inhibition was ot

The soluble fraction also mhibited, although
weakly, and the eflect disappeared at a 1in 4
dilution (Table 3). Since similar effect was obtained
with the soluble fractions of the normal rat organs,

TABLE 2. Adsorption of EA Sensinized by Various
Amounts of 1gG Annbodies 1o Smears of Cell Sediments of
Walker Tumor 256

EA with no. of

P umits of A

) 20 W e
Tissue sections 4 3+ 3+ 24 2+ 14—
Sediment

1 34 3+ 2+ 1+ - - -

2 3+ 3+ 34 2+ 1+ -~

3 3+ 14+ =

in susp
the various cell sediments or in the soluble cll
fraction. The percentage of rosetting cells with EA
at % unit sensitization was reduced from {7 to l;\:
than 10 per cent with sediment wnoenfmqop?o ;
and 8 per cent In suspensions showing inhibition !
roselte formation with tumor cells, the EA made
separate »rosettes« around smaller or larger scd;i
ment particles. In control experiments USIng ce
fractions of normal rat muscle and kidney 10
reduction in number of rosettes was recorded even

with 8 per cent suspension

DISCUSSION

The results obtained with tumor cells in syspenswn
clearly show that the receptors for 1gGFe in turpgrf
are available at the cell surface. That this activity
could be traced in the various sediments of
subcellular fractions indicate that the receptors are
bound firmly to the cell membranes. Because



eparation of membranes nvolved dilution and
olonged washing, loosely associated components
ould be lost during the process. Since all three

vivo and thereby block the in vitro reactivity.
Whether the cells carrying Fc receptors can
phagocytize 18G which then might be bound to
internal b and block these receptors also

diments (nuclear, ial and mi !/
©embrane rich fractions) showed receptor activity,
is possible that the receptors are also bound to
tternal membranes in addition to external memb-
wes Although each fraction was contaminated
Atk all the other components, it is untikely that
-agments of external membranes should be respon-
ble for all F¢ receptor activity 1 each of the three
stments Particularly sediment 2, the mitochon-
na nich fraction, had repeatedly the strongest Fc
eceptor activity

That internal membranes possess Fc receptors
re also suggested by the results obtained with
ectons of cells with no surface receptors Fc
eceptors were easily demonstrated in the sectioned
#lls Results with adsorption of EA to sections of
e tumors support this conclusion as EA attached
o the ssue m a diffuse pattern. Even with such a
arge indicator as an erythrocyte, this was easy to
histinguish 1n the rat tumor whick contamed many
large tumor cells Apparently the same cells may
Ty both external and internal receptors, sugges-
tng that the receptors are produced by, and can be
released from the cells Recently it has been shown
that Fe receptor-like material 1s mdeed shed from
some human lymphoblastoid cell lines (5)

‘The results obtained with tumor cells 1n suspen-
sionis 10 aceord with earlier results that the rosette
formation 1s dependent on the degree of sensitiza-
tion of EA In addition, treatment

remains to be investigated This possibility is
supported by some of the results reported by Witz
(12), who found that IgG could be eluted from the
mitochondria rich fractions of murine tumors, but
in amounts 2 ¢ 3 times less than the amount eluted
from corresponding membrane rich fractions. The-
sefore, both external and internal receptors might be
covered in vivo, but one would suspect that the
surface receptors can most easily be blocked or
covered and therefore be quantitatively dimimished
or even undetectable on some cells in vitro.

The localization of the Fc receptor in tumors to
external and probably also to internal membranes is
similar to the localzation of the receptors for
cytophilic antibodies on and in monocytes and
macropbages {2). The only apparent difference being
that the latter receptors have higher avidity for
uncomplexed 1gG. In this respect the tumor Fc
receptor is more simular to the Fc receptor on B
lymphocytes than on monocytes; however, at
present 1t is not possible to definitely distinguish
between these receptors on the three cell types (4,
10). On the basis of the results obtained with a
vanety of mouse connective and epithelial tissue
tumors, Kerbel et al. (3) concluded that the cells
bearing Fc receptors were host cells, many of them
perhaps being macrophages tn an activated state,
Experiments are currently 1n progress to further

reveals receptors on more cells This mdicates that
the Fe receptor 15 not a property of a distinct
Subpopulation of cells (10)

Our data do not allow definite

such cells in human tumors.
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Concerning the quantitative distributton on the
Vanous membranes Further detalled studres are
steded, and electron microscopic investigations
with enzymes and other markers are currently m
gtogress  However, since the two concentrated
wdelivlar fracuons frntochondrial, and microso-
mal) did not show a signuficantly increased activity,
e Fe receptor 15 tentatively present 1n highest
numbers on the cell surface, Appatently there are
0o differences 1n avidity of the receptors on the
vanous membranes as the fractions gave parallel
;Sulls with EA sensitized to varous degrees.
El'l‘nhtr. the results of mhibition experiments using
o tcubated 1 membrane suspension did not
t8est any differences in avidity
me“;:e findings have important unplications for
. ection uf test systems for detection of Fc
lh.\m( Im. Particularly since other data (9) mndicate
8G can be bound to the surface Fe Teceptor in
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IMMUNO-SUPPRESSIVE
EFFECT OF HUMAN MACROPHAGES

1. Evidence for an Unstable Soluble Factor(s) Inhibiting DNA Synthesis and
Proliferation in PHA-Stimulated Lymphocytes

i
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Trondbeim, Norway

an unstable factor(s)

Unsgaard, G. Immuno-suppressive effect of human macrophages. I Evidence for factor
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mhibiung DNA synthesis and
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Macrophages obtamed by culturing days showed capacity to inhibit
DNA synthesss and cell i separated from the macrophages
by 2 membrane with pore sze 02 pm The DNA synthesis was measured as JH thymidine
ncorporation. and the proliferation as cell counts The depression was reduced when the distance
berween and Was Increast jtant with increased culture volume Heat-
kling of macrophages abohshed thewr lymphocyte depressing capacity, Full inhibstory effect was
established within 4 hours when lymphocytes were cultured ta the proumty of macrophages The
effect was blocked by molecular filtration membranes with nominal molecular Weight limuts (nmwt)

blood monocytes in vitro for 8
1n PHA Tated

1,000 and 10,000 whereas membranes with nmwl 25,000 only partially blocked the effect No

inhibitory effect was registered 1 the

from s

Presumably the Iymphocyte depressing effect 1s medsated via an uastable

P! cultures.

soluble factor(s)
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There 15 convincing evidence indicating that
phagt play an i role in
mmunoregulation. Their role in induction of
antbody response (12, 24, 30), cell-mediated
mmuaity (9, 10, 11, 17, 26, 27) and augmentation
of production of lymphocyte mediators (19) is well
established. Moreover, there are numerous reports
Which reveal an immunodepressive role of mono-
oudear phagocytes (1, 6, 13, 15, 16), However, data
Fegarding the i of this effect

can inhibit
(21, 34). However, supernatants are usually less
potent inhibitors than live macrophages.
Studies on human systems of the immunoregula-
tory role of monomuclear phagocytes are scarce. In a
human in vitro system, we have shown that

n P

ressive and immuno-inductive roles (31). ’;&:‘:
effect of h: was

related to the differentiation of monocytes to

have been Some claim

(32) and to the ratio of mononuclear

that cell contact is essential, since culture superna-
tants fail to inhibit jon (14, 28,

01 A high ratio inhibited
DNA synthesis more than a low ratio, and the

29). Others have found that macrophage culture

Was a more potent inhibitor than the
monocyte. Evidence is presented in 1h1s paper which



indi that the 1 for depression of
DNA synthesis in stimulated lymphocytes is
mediated via an unstable soluble factor(s) secreted
by the mononuclear phagocytes.

MATERIALS AND METHODS

Separation fechniques. Venous blood obtained by

inner diameter and heights % mm, 2 mm and dmm,
were placed in the bottom of the culture dishes The
membrane chambers and the rings were sterilized by
autoclaving. Before the glass rings were placed in the
culture dishes, the macrophages were romoved by a
rubber policeman from a 7 mm wide zone along the
edges of the dishes, to make sure that the glass rings did
not destroy during the i The

venipuncture of healthy, adult human was
defibrinated. Mononuclear cells were separated by
centrifugation on Lymphorep (Nyegaard & Co A/S,
Oslo, Norway), as described previously (31, 32)

Culture medium The experiments were performed in
culture medium consisting of 80 % RPMI 1640 ( Gibeo
Bio-Cult, Glasgow, Scotland) and 20% pooled human
AB serum, supplemented with 0.1 mg 1-glutamin per
mi  Gentamycin was added to RPMI 1640 to a
concentration of 40 mg per 1. Since AB serum was
difficult to obtain, the macrophages were precultured in a
medium consisting of 25% pooled human A+ serum
and 75% RPMI 1640.

Macrophage culiures The mononuclear cells were
suspended in culture medium and adjusted to 4 x 106
cells per ml. Two and a half ml of this suspension was
incubated in plastic petri dishes (Nunclon, @ 50 mm) for
90 min. The culture medium with non-adherent cells was
removed and 2.5 ml fresh medium added The culture
medium was changed after 1 and 4 days. Experiments
were started when the macrophages had been cultured
for 8§ days.

Lymphocyte cultures. The culture medum with non-
adherent cells removed after the 90 mun attachment
period was considered to be a fairly pure source of
lymphocytes This cell suspension contained about 4%
cells which will attach on renewed incubation in petr
dishes (31). The lymphocyte suspension was adjusted to
108 cells per m! culture medium Two and a half ml was
added per dish In some experiments lymphocytes were
precultured 1 Kimax tubes for 3 days and then
transferred to petrs dishes

Techmque for separating lymphocytes from macropha-
ges by a membrane system Polycarbonate membranes
(Un1-Por, Bio-Rad Laboratories, Richmond, USA), pore
size 0.2 pm and diameter 50 mm, were glued to glass
rings with sticon rubber (Silite 100, Deycon corp .
Mass, USA), thus forming membrane chambers
{compartment A, Fig 1) The inner and outer drameters
of these rings were 43 mm and 47 mm respectively, and
the height 15 mm Glass rings with the same outer and

Lymp
Ml

Macrophoge fayar

h ‘were mounted on these rings, thus
forming a double chamber (Fig 1) Compartment B was
filled with different volumes of medium according to the
heights of the lower rings. The smtable volumes were 2
ml, 4.5 ml and 8 m] when the heights of the rings were
% mm, 2 mm and 4 mm respectively. The membrane
chambers were filled with 2.5 ml of lymphocyte
suspension.

In some experiments, Pellicon membranes (Mitlipor
Corp., Mass., USA) produced for molecular filtraton
were used to make membrane chambers The membrs-
nes had different nominal molecular weight hmis
(nmwl). PSAC (nmwl 1,000), PTGC (nmwl 10,000}
PSED (nmw! 25,000). The diameter was 47 mm.

PHA_ stimulation Lyophilized phy ut
from Gibco reconstituted with 10 ml distilled water was
added in a quantity of 50 pl per culture dish or Kemax
tube. This dose gave optimal DNA synthesis in the
lymphocytes (32)

Assay of DNA svnthesis 3H thymidme (sp act. 26 C//
nmol) was added 1n a concentration of 0 5 pCi per ml
culture medium The isotope was present in the culture
medium during the last 4 hours before harvesting of
cells At the end of the culture period. Iymphocytes were
carried over from membrane chambers or from the
bottom of culture dishes to tubes by transferring medm
with cells and washing vigorouslty with 10 mi cold
isotonic saline which was also transferred to the tubes

Cells were harvested by a Titertek multiple cell
harvester (Flow, Scotland). The filters were appled t0
vials and dried overnight at 40° C, and the radioactdiy
incorporated was counted 1n a fiquid scintlfauon counter
(Packard, Tri-Carb) for 3 min. The data presented ar¢
based on counts per min (cp.m ).

Proliferation estimated by cell counts Lymphocytes
were transferred to tubes as already described However
for washing, Hanks' BSS was used instead of isotoni¢
saline. The tubes were centrifuged at 800 G for 10 min.
and the cells resuspended in | ml RPMI 1640. The cells
were counted in an electronic particle counter (Coulter
Counter, Model Fn) and 1n a haemocytometer.

suspension

glass ring

(Gluad cannechion

berweon membrens

B —ond vps s viog
Lows: .

]
Compartment &

Fig. I A drawing of the double chamber system
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The figure 15 described 1n the text.



facroph Synthesis in PHA- Sti ted L Effect of ]
TABLE | Influence of Macrophages on DNA Synthes
of

34 thymidine mncorporation
With M & Without M With M
ti cpm. X103 (control} Percentage

Degree of macrophage/lymphocyte separation P e Porcentag®
Lymphocytes sedimented on macrophages 204 49021 4
Lymphocytes sedimented on a membrane® separated
from the macrophage layer by a % mm glass r1ag 9714 48532 20
Lymphocytes sedimented on 2 membrage separated
from the macrophage layer by 2 2 mm glass ing 23549 509£52 46
Lymphocytes sedimented on a membrane separated
from the macrophage layer by a 4 mm glass nng 400£59 55446 72
Lymphocytes sedimented on a membrane, PHA not
added to the culture 2

‘The iymphocytes were cultured 1n contact with or in the proximity of macrophages for 96 hours
The values are means = SEM of six experiments

UM~ macrophages

Y Polycarbonate membrane (Uns-Por) with pore size 0.2 pm

RESULTS DNA synthesis and cell proliferation were
Effect of separating lymphocytes from macrophages  strongly inhibited when lymphocytes were sedimen-
by a membrane The lymphocytes were erther ted on macrophages. Under these conditions, the
sedimented on the macrophages or separated from  lymphocytes showed 2 tendency to cluster around
the macrophages by a membrane, as shown in Fig.  the macrophages
| PHA was added and the cultures wese incubated B from bya
for 96 hours DNA synthesis and proliferation of ~ polycarbonate membrane did not abolish the
the lymphocytes were mvestigated (Tables 1 and 2).  inhibition of the DNA synthess When the

TABLE 2 Influence of PHA-S!

n F wn F Lymph Effect of
Lymphocyte Separation

Cell count 1 Coulter

Cell count in haemo-
Counter x 10~

cytometer x 10-6

Degree of macrophage/lymphocyte separation With M2 Without M WithM Without M

{control) (control)
Lymphocytes sedimented on macrophages 12202 50208 0701 49205
Lymphocytes sedimented on a membranc®! separated
from the macrophage tayer by a % mm glass ring 162014 56£05 1.8x01 52201
Lymphocytes sedimented on & membrane separated
from the macrophage layer by a 2 mm glass fing 24203 62208 21203 61210
Lymphocytes sedimented on a membrane separated
fmmhemwphagghygrbyummglassnng 31204 61£08 31x06 53406
Lymphocytes sedimented on a membrane, PHA was
otadded to the culture 22205 2005

The lymphocytes were cultured 1 contact with i
or an the proximuty of ma
The valuss are means = SEM of six experiments. " of macrophages for 96 bours
M~ macrop

L
Potycarbonate membrane (Uni-Por) with pore size 0.2 rm



hesis and Prolife i PHA-~ Stimul,

d Lymphocytes

TABLE 3. Effect of Heat-Killed Macrophages en DNA )
Sodi 1 on a Memb ) Sep 1 from Macroph

by Y mm Glass Ring

Cell counts x 107

3H thymidine in- Coulter Haemocyto-
Macrophages corp. ¢.p.m. X 1073 Counter meter
Unlreat'ed 74x16 1.920.5 22204
Heat-Killed (56° C for 30 min) 415+34 4.5x0.9 46208
Not present (control) §22£37 5108 $.2x08

The lymphocytes were cultured in the proximity of macrophages for 72 hours. The values are means * SEM of six

experiments.
) Polycarbonate membrane, pore size 0.2 pm.

membrane chambers were mounted on ){ mm high
rings, the DNA synthesis was still inhibited to 20
per cent of the controls. The inhibition was reduced
to 46 per cent and 72 per cent of the controls when
the height of the rings was increased to 2 mm and 4
mm, respectively (Table 1).

In some experiments four times the usual
concentration of SH thymidine was added, but this
did not influence the degree of inhibition.

The effect of macrophages on lymphocyte prolife-
ration was similar to the effect on DNA synthesis
(Table 2).

Effect of heat-killing macrophages. Macrophages
were pretreated at 56° C for 30 min. This totally
abolished the capacity of macrophages to phagocy-
tize candida, as evaluated by phase contrast
microscopy and registration of uptake of 1251
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3H thymidine incorporattanio™d
3
g

-
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72 78 30
puration of lymphotyte culture (hours]

3H thymidine wcorporation 1n PHA-stimulated
in membrane chambers mounted
taced 1n cultured dishes with or

i 3 (O— i t M.
without M. (A—A) with M; (0—0), without M,
(x—x), without M for 72 hours before transfer to
dishes with M. The values are means * SEM of five

experiments.

Fig. 2
lymphocytes cultured
on % mm high rings pl

labelled Candida albicans (33). No morphological
damage to the cell surface was observed. The trypaa
blue dye test showed that heat-treated cells took up
this dye (>90%), thus indicating that the cells were
no longer viable.

The effect of heat-killing on macrophage-medie-
ted inhibition of DNA-synthesis and cell prolifera-
tion was tested in the double chamber system.
Lymphocyte suspension with PHA was applied to
membrane chambers {polycarbonate membranes)
mounted on }} mm high glass rings placed in petri
dishes with normal macrophages, heat-killed ma-
crophages or without macrophages. “The lymphocy-
tes were harvested 96 hours later. The heat-killing
reduced markedly the capacity of macrophages to
inhibit DNA synthesis and cell proliferation (Table
3). The inhibition of DNA synthesis was reduced
from 14 per cent of the controls by normal
macrophages to 80 per cent of the controls by heat-
killed macrophages. The inhibition of cell prolifera-
tion was reduced similarly.

Kinetics of macrophage-mediated inhibition o DNAA
synthesis in PHA-stimulated lymphocytes tested in
the double chamber system. Lymphocyte suspen-
sions with PHA were applied to membrane
chambers {polycarbonate membranes) mounted Of
Y% mm high rings placed in culture dishes with o7
without macrophages. Seventy-two hours later
some of the membrane chambers were Lransferx:ed
from dishes without macrophages to dishes \'{lm
macrophages. This caused an immediate depression
of lymphocyte DNA synthesis to the level of
controls exposed to macrophages from the start of
the experiment {fig. 2).

Lack of inkibitory effect by culture supernatanis
from depressed cultures Supernatants were prepa-
red from media obtained from compartment B (Fig.



BLE 4 JH thymidine in PHA d Lymph Suspended in Culture Supernatants from
s i’ Macrophage Depressed Lymphocyte Cultures
Incubation time. IH thymidine
ted test lymphocytes. incorporation
Supermatants e + supernatants cpm.x 107
jpernal 5 f lymphocytes with macrophages
?:wmp::x:egto: 45 s o by 24n 49375
: ‘without macropha-
::spemams from 48-h cultures of lymphocytes wi p! 24n sp2e4s
Test lymphocytes resuspended in {resh medum 47573
. 1 tymphocytes with macrophages in
i;:ﬁn;gm e ot lympbocn ? 4h 34826
‘Supernatants from 4-h cultures of lymphocytes without macrophages 4h 34224

The supernatants were taken from compartment B in the double chamber system. The membrane chz.mbers
(polycarbonate membranes) were mounted on % mm high rings The values are means + SEM of four experiments

carmed out m tnplicate

1) in the double chamber system. The membrane
chambers (polycarbonate membranes) were moun-
ted on ) mm high rngs. At the time of

i the lymphocy mn the
membrane chambers had been cultured with PHA
for 48 hours exther in the presence of macrophages
from start of culture or during the last 4 hours only.
In both cases DNA synthesis in the

Block of macrophage-mediated inhibition when
lymphocytes were separated from macrophages by
Pellicon membranes (Mullipor). Pellicon membranes
with different nominal molecular weight limits
(amw!) were used for the membrane chambers,
which were mounted on 1 mm high glass rings {Fig.
1). Medium volume ir compartment B was 3.5 ml.

chamber lymphocytes was depressed (fig. 2).

The supernatants of these depressed cultures
were immediately tested for effect on DNA
Synthesis m otber st (test

PHA- lymphocy for 72
hours were to the hamb
placed in culture dishes with or without macropha-

ges. The cells were harvested 8 hours later.

lymphocytes). These test lymphocytes were precul-
tured for 72 hours before they were resuspended 1n
culture supernatants and cultured in dishes for 4 or
24 hours

The supernatants showed no inhibitory effect
(Table 4).

TABLE § Influence of Macrophages on DNA synthesis tn PHA-Stimul;
Lymph o1

Jrom

P were used for inhibition
control.

The macrophage-mediated inhibitory effect on
DNA synthesis in stimulated lymphocytes was
blocked (Table 5) by PSAC (nmw! 1,000) and
PTGC (nmwl 10,000), and partially by PSED
(nmwl 25,000).

by

Membrane

PSACY (amw1 1.000)

PIGCY (amwt 10,000)

PSEDY(nmw1 25,000}

Polycarbonate membrane. pore suze 0 2 pm

L Effect of Se
with Different Pore Size
*H thymidine 1ncorporaticn
- Without M With M
com x 10 (controts) Percentage
epm x107) of control
157263 163+ 57 96
283x42 287£52 99
21049 26856 8
182240 34040 54

The membrane chambers were mounted on 1 mm
l:,me 8 hours The values are means = SEM of
Molecular filtration membranes (Pellicon, Mulli

tugh rings 1n culture dishes with or without
SIX expeniments.

ipor): with statement of nominal molecutar weight lrmts,

macrophages Culture



TABLE 3. Effect of Hear-Killed Macroghages on DNA
Sedi d on @ Membranew) S

Synthesis and Proliferation i PHA- Stimulated Lymphogytes

 from Macrophages by Y mm Glass Ring

Cell counts x 10~

—
*H thymidine in- Coulter Haemocyto-
Macrophages corp. ¢.p.m, X 10-3 Counter meter
Untreated 74x16 1.920.5 22404
Heat-Killed (56° C for 30 min) 41534 4.5+0.9 46208
Not present {control) 52237 51+038 52208

The lymphocytes were cultured in the proximity of macrophages for 72 hours. The vatues are means + SEM of six

experiments.
#Polycarbonate membrane, pore size 0.2 pm,

membrane chambers were mounted on % mm high
rings, the DNA synthesis was still inhibited to 20
per cent of the controls. The inhibition was reduced
to 46 per cent and 72 per cent of the controls when
the height of the rings was increased to 2 mm and 4
mm, respectively (Table 1).

In some experiments four times the usual
concentration of *H thymidine was added, but this
did not influence the degree of inhibition.

The effect of macrophages on fymphocyte prolife-
ration was similar to the effect on DNA synthesis
(Table 2).

M +

labelied Candida albicans (33). No morphologicl
damage to the cell surface was observed. The trypan
blue dye test showed that heat-treated cells took vp
this dye (> 90 %), thus indicating that the cefls were
no longer viable,

The effect of heat-killing on macrophage-media-
ted inhibition of DNA-synthesis and cell prolifera-
tion was tested in the double chamber system.
Lymphocyte suspension with PHA was applied l?

t b {palycarb b
mounted on % mm high glass rings placed in petri
dishes with normal macrophages, heatkilled ma-
cropt or without The lymphocy-

Effect of heat-killing macroph phag
were pretreated at 56° C for 30 min, This totally
abolished the capacity of macrophages to phagocy-
tize candida, as evaluated by phase contrast
microscopy and registration of uptake of 125]-

g 3

3H thymldine incorporasionsiod
o
8

100
2 74 80 -
Durution of Iymphocyte culture (hours]
idine i A I
Fig 2 H incorpora m PH. e
cultured in mou

¥ i dishes with or
on % mm high rings placed s cultured ;
withéut M. (A—a) Witk M; (0—0), without M;
(x—x}, without M for 72 hours before xxsze.; 10
dishes with M. The values are means * SEM of five

experiments

tes Were harvested 96 hours jater. The heat-killing
reduced markedly the capacity of macrophages to
inhibit DNA synthesis and cell proliferation (Table
3). The inhibition of DNA synthesis was reduced
from 14 per cent of the controls by normal
macrophages to 80 per cent of the controls by peal-
killed macrophages. The inhibition of cell prolifera-
tion was reduced similarly.

Kinetics of macrophage-mediated inkibition of DNA
synthesis in PHA-stimulated lymphocytes tested in
the double chamber system. Lymphocyte suspen-
sions with PHA were applied to membrane
chambers (pofycarbonate membranes) mount'od on
% rmm high rings placed in culture dishes with or
without macrophages. Seventy-two hours later
some of the membrane chambers were uansfer{ed
from dishes without macrophages to dishes v\_’llh
macrophages. This caused an immediate depression
of Iymphocyte DNA synthesis to the level of
controls exposed to macrophages from the start of
the experiment (fig 2).

Lack of inhibitory effect by culture supernatants
Jfrom depressed cultures. Supernatants were prepa-
red from media obtained from compartment B (Fig.



hably mediated via an unstable soluble fador(s? Q0).
He based this assumption on the mntradxqory
results of authors searchung for soluble infubitory
factors. In favour of this hypothesis is also the
physically close association between macrophages
and lymphocytes, seen both in vivo and when co-
culturing the cells in 1itro (26), thereby enhanc!ng
the effectiveness of unstable molecules just leaving
the Our results are in with

9.
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In order to get an indication of molecule
transport through the different membranes, trans-
port of some tracer molecules was tested. Three and
a half ml of isotonic saline was added to compart-
ment A (Fig. 1)and 3 )4 m! ofa solution of tracer in
isotonic saline to compartment B. The tracers were
creatinine (100 pg/ml), S7Co-labelled vitamin By,
(100 pg/ml) with final specific activity 0.50 pCi/1
and 14C-labelled inulin (4 mg/mi) with final specific
activity 10 pCi/1. Eights hours later samples were
taken from the two compartments and the distribu-
tion of tracers was registered.

The results showed that creatinine (mol.wt. 113)

systems proliferation was not affected. However, it
must be borne in mind that excess of thymidine wij
also inhibit cell proliferation (3, 7).

In the system of human macrophages and
Iymphocytes, supernatants from depressed cultures
did not have inhibitory effect on DNA synthesis in
other stimulated lymphocytes. The macrophages
may thus secrete a factor that is inactivated in less
than 4 hours, or there may be an elimination of
helping factors from the lymphocyte suspension. It
excludes possible explanations like matnutrition and
blockage by non-labelled thymidine.

The concept of helping factor elimination as a
for macrophag diated fon of

passed easily through all the The
transport of vitamin B\, (mol.wt. 1335) and inutin
(mol.wt. $200) was blocked by PSAC and PTGC,
but equilibrium was established over PSED and the
polycarbonate membrane (pore size 0.2 pm).

DISCUSSION

The results of several experiments in animal
systems have shown that macrophages or macrop-
hage products depress lymphocyte activity (1, 2, 6,

Iymphocyte response is based on the results of Prak
& Gershon, which showed that heat-killed macrop-
hages depressed DNA synthesis in stimulated
Iymphocytes (8, 25). The macrophages were heat.
treated at 56° C for 30 mun. They showed that this
did not destroy receptors for cytophilic antibodies
When human macrophages were treated m the
same way, they lost most of their inhibitory effect
Therefore, that human hage recep-
tors are as heat-stable as murine macrophage
limination of helping factors is only of

14, 21, 34). Human monocyte-derived mac
also have a depressive effect on DNA synthesis in
stimulated lymphocytes (32). The intubition is non
specific. Autologous and allogeneic lymphocytes are
equally depressed, and the inhibition is similar for
lymphocytes stimulated by PPD (purified tubercu-
lin), allogeneic lymphocytes or PHA.

A principal question is how this inhibition is
mediated. Is cell contact necessary, or is it mediated
by soluble factor(s)? The effect of separating
macrophages and Iymphocytes by a polycarbonate
membrane indicates that a factor or factors produ-
ced by the macrophages are important for this type
of inhibition. In these experiments, about haif of the
macrophages were removed from the culture dishes
to clear an area for the glass rings Nevertheless,
lymphocyte DNA synthesis in these cultures was
depressed to 20 per cent of the controls. A cytotoxic
effect of membrane or glue can be excluded, because
lymphocyte controls 1n membrane chambers re-
sponded just as well to PHA as those in petr1 dishes.
Furthermore, experiments performed in membrane
chambers kept together with pressure instead of
glue gave the same results

In murine systems, macrophage factors depres-
sing lymphocyte response have been reported by
many authors {2, 20). In some systems, the fac!o'r(s)
depressing SH thymidine and 125]-deoxy-uridine
incorporation was shown to be non—la_belled nucleo-
tides competing with labelled nucleotide The non-
Jabelled nucleotides were probably deglmdﬂh""‘e‘
products of dying cells (5, 6, 22, 23). In thos

minor importance in a system of human cells if it
contributes at all

The most likely interpretation of the experiments
is that h secrete i ly an uns-
table factor(s). The concept of unstable factors
secreted by macrophages is not new, having been
discussed in relation to murine systems (4, 18). The
extremely unstable factor described by Melsont ef al
(18) had a lytic effect on mouse erythrocytes.
whereas thie experiments of Currie & Busham ()
revealed a more stable factor lysing sarcoma cells
The effect of increasing the distance between‘lht
macrophage and the lymphocyte population mxs{“
lead to the conclusion that the diffusion time IS
critical for inactivation In that case the [ymphocyt®
depressing factor(s) would also be extremely uns-
table Such a conclusion cannot be drawn, since
increasing distance is accompanied by increasing
volume of medium, giving a dilution effect.

The Pellicon membrane experiments confirm
that soluble factors are involved. However, little can
be said about the molecular weight (mol wt.) of the
factor(s) from these experiments. In order 0
estimate mol.st. by means of tracer molecules, 1t 1S
necessary to know how quickly the factor(s) is
inactivated and to know if secretion of factor(s)
depressing lymphocytes is dep
from lymphocyte mediators

In a review on the non-specific immunoregula-
tion of macrophages, Nelson suggested that the

ism for P! ion was pro-

dent on a signal
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ease a soluble

Human macrophages obtaned by culturing blood monocytes in vitro for § days rels
lated Synthesis of
n

factorfs) inhibiung DNA synthesis and cell 1n PHA-sti
RNA and protem was strongly imhibited m PH.
as well as 1n lymphocytes separeted from the macrophages by 2 membraze, thus demomatrating that
inhibition of RNA and protein synthests was also mediated by a sotuble factor(s) The kinetics of the
factor-mediated 1nhibstion showed that RNA synthests was readily mhibied, whereas there was a delay
10 the mhibition of protem synthests, thus indicating that the inhibition of protem synthests and cell
proliferation 1s a result of a blocking effect on the nucleic acid synthesis The kinetics of DNA and
protemn synthes:s m lymphocytes relieved from macrophage-meduted mhibition indicate a cytostatc
effect.
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Accumulating data, mamnly m ammal systems,
show that macrophages have the ability to depress.
DNA synthes:s 1n stimulated lymphocytes (1,4,7,-
89 ln a human system, we found that blood-
denved monocytes developed capacity to inhibit
DNA synthesis 1 stimulated lymphocytes when
ifferentiating to macrophages in vitro (14, 15) Ina
preceding arucle, results were presented which
indicate that this inhibition 15 mediated by an
unstable soluble factor(s) (13)

. The am of ths work was to study
were affected by

depression One question was how RNA and

protesn synthesis were affected A second question

was whether the factor-mediated depression was

how
"

fiue to a cytostatic or a cytolytic effect. The results
indicate a cytostatic mechamism mediated via an
effect on nuckeic acid synthesis

MATERIALS AND METHODS
Cells and culture conditions The
and the of

separation technique
and

cultures have been described in & preceding pa

Briefly, mononuclear cells solatot From verie et i)y
centnfugation on Lymphoprep (Nyegaard & Co_ Ao
Oslo, Norway) were suspended 1 r
20 per cent pooled human AB
RPMI 1640 (Giboo Bio-Cutr,
SuSpension was incubated for
(Nunclon @ 50 mm) at a con
Per ml before removal of

serum 20d 80 per cent
Glasgow, Scotand) The
90 min 1 culture dishes
centration of 4 X 106 cells
non-adherent cells. The
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TABLE 2 Influence of on 3H Uridine in PHA d L he on the
Macrophage Layer
3H uridine incorporationmc.pm x 10-3
in
Duration of m
Iymphocyte PHA-sumulated ‘Non-stumulated . cn-c}llmrd
oulture With M#) ‘Without M Without M with PHA-stim Iymphocytes
A4h 18 7 55¢15 31 127x15
43h %% 5 1x30 kY 80212
Nh 20 8§ 264%32 220 9615
96h 31x14 30138 20 8316

‘This table shows the results of five Juridine icorporation e
incorporation experiments presented in Table 1

hocytes.
The lectin-induced RNA synthesis
tes, as measured by SH undipe

on H leucipe i

in fymp-

in lymphocy-

xperiments * SEM carried out exactly like the 3H leucine

uridine j in sti -

cultured with macrophages was about 10-fold

higher than in unstimylated controls.
The'i i

increased more abruptly than the protein synthesis
during the first 48 hours of culture (Table 2). The
wte of °H uridime incorporation increased 20-fold
compared to unstimulated controls during the first
24bours A further 4-fold increase was seen during
the next 24 hours, but there was only a minor
Increase quring the subsequent 48 hours.

Mactophages hag a strong mhibitory effect on JH
usiding jon in st

of H I d ’H uridine in

ltured with lymphocytes was

considerable, but did not seem to lead to isotope

depletion, because the sum of the incorporation in

apd co-cultured was far

Iess than the maximum incorporation registered in
stimulated lymphocytes cultured alone.

Protein and RNA synthesis in PHA<stimulated

Ivmphocytes separated from the macrophages by a

L f i

However, the depression was not total, since JH

with PHA was
added to membrane chambers placed in culture
dishes with or withouy macrophages. Seventy-two
hours after start of the experiment, some membrane
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adherent cells were cultured in medium consisting of
25 per cent pooled human A Serum and 75 per cent
RPMI 1640. Experiments were started when the
macrophages were 8 days ald. The number of macropha-
ges at the start of the experiments was estimated by
counting cells in an inverted phase contrast microscope.
The cells in 20 visual fields were counted and multiplied
by a constant factor estimated from the total number of
fields per dish All experiments were performed in
medium containing 20 per cent AB serum.

Experiments. The lymphocytes, adjusted to 106 cells
per ml, were either sedimented on the macrophage layer
or kept in the proximity of the macrophages by a double
chamber system.

The double chamber system has been described in
detail in a preceding article (13). Briefly, polycarbonate
membranes (pore size 0.2 nm) were glued to the bottom
og glass rings to make membrane chambers. Glass rings
with height ) mm were placed in the bottom of the
culture dishes. The double chambers were formed by
mounting membrane chambers on these rings Two ml
of medium was added to the lower chamber.

The experiments was started by adding 2% ml of
1 te ion with 50pl i phyto-
haemagglutinin (PHA) either directly on to the macrop-
hage layer or to the membrane chamber. In the former
type of experiments the ratio of macrophages to
lymphocytes was about 1:5. In the latter type, the ratio

before harvesting. The cells were harvested as desenbed
in a preceding paper (13).

Statistics. The p-values were calculated usmg the
Wilcoxon Two-Sample test.

RESULTS

Protein and RNA synthesis in PHA-stimulated
lymphocytes sedimented on the macrophage layer.
Lymphocyte suspension and PHA were added to
culture dishes with or without macrophages. The
controls were lymph i
without mitogen added to dishes without macropha-
ges. The 3H leucine and H uridine incorporation
was registered at different times from the start of
the experiments, pulsing with isotope for the last 4
hours before harvesting.

The mitogen had a market effect on protein
synthesis, as measures by 3H leucine incorporation.
During the first 24 hours, the rate of H leucine
incorporation increased 4-fold in the stimulated
Iymphocytes as compared to the unstimulated
controls (Table 1). During the next 24 hours, there
was a further 4-fold increase. During the subsegu-
ent 48 hours, the rate of 3H leucine incorporation
increased more abruptly. No increase was registered
in the unsti d controls, making a 50-fold

was about 1:10, because nearly half the
were removed 1o clear an area for the glass rings.
Assay of DNA, RNA and protein synthesis For
istration of DNA , 3H thymidine (sp. act. 26
Ci/mmol) was added in 2 concentration of 0 5 pCi per
ml culture medium For registration of RNA and protein
synthesis, | uCi 3H uridine (sp act. 46 Ci/mmol) and 1
#Ci 3H leucine (sp. act 1, 0 Ci/mmol), respectively,
were added per ml of the culture medium The isotope
was present in the culture medium for the last 4 hours

increase in the stimulated as compared to the
unstimulated lymphocytes 96 hours after the start
of the experiment. }
In the stimulated lymphocytes w{ulturedlmlh
macrophages, there was only a minor increase in §
leucine incorporation during the first 24 hours. No
further increase was registered during the rest of the
period, thus revealing a strong inhibitory effect of

" " h
TABLE | influence of Macrophages on 3H Leucine Incorporation in PHA -Stimulated Lymphocytes Sedimented on the
Macrophage Layer

3H leucine mcorporation inc.p m X 10~3

Incorporanon in macrophages

Duration of Incorporation 1n lymphocytes
lymphocyte PHA Ne co-cultured noeytes
culture With Ma) ‘Without M Without M with PHA-sttm lymphocyt:
23204 4005 1.1+£0.2 301271
3;: 25%0.7 14.6£0.5 0701 23.0:&;
72h 19404  343%28 0.7£0.2 24324
96h 2.6%0.6 50.7+7.0 1.0+0.! 241262
ith i for 4 hours
cytes we with or without macrophages. The cultures were pulsed with isotope
Lympho vere added 10 dshes non-adherent cells removed by washing with cold saline was attnbuted O

i i ion in : L
before harvestiog, e I & rporation in cells removed by lysing with distilled water was ascribed 10

jon i The inco
incorporation in lymphocytes.
incorporation in macrophages. The values are m

2)M = macrophages.

eans + SEM of five experiments.



TABLE 2, fofluence of Macrophages on 3K Uridine Incorporation In PHA-Stimulated Lymphocytes Sedimented on the
Macrophage Layer

3H uridine incorporationinc pm X 103

Duranon of i lymph in
frpbocyte PHA-sumulated Nop-sumulated co-cultured
ailture With Ma) Without M Without M with PHA-stim. lymphocytes
3 18 7 5515 321 127£13
2t 2%z 5 HIEX EES] 80212
238 20+ 8 26432 220 96x15
96k EIESY ot 38 20 83x16

This table shows the results of five Juridine incorporaton expeniments % SEA{ carried out exactly fike the SH leucine

Meorporaton expenments presented in Table 1.

phages on *H leucine i in lymp-
bocytes.

The lectin-induced RNA synthesis in lymphocy-

I, a5 measured by JH wndine i i

uridine incorporation in stimulated lymphocytes co-
cultured with macropbages was about 10-fold
higher than in unstmulated controls.

Thei "

increased more abruptly than the protein synthesis
distng the first 43 ovrs of outture (Table 2. The
fute of H unidine incorporation increased 20-fold
cmpares 10 unstimulated controls duning the first
24bours A forther 4503 mncrease was seen during
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chambers were transferred from dishes without
macrophages to dishes with macrophages. The
kinetics of the inhibition were studied by harvesting
cultures every 4 hours from the 72nd to the 84th
hour after start of the experiment. Some cultures
were harvested at 96 hours.

The H leucine incorporation in lymphocytes
cultured in the proximity of macrophages during
the whole experiment was strongly inhibited (Fig.
1). Transfer of lymphocytes to macrophages 72
hours after start of the experiment had no immdiate
effect on 3H leucine incorporation. However, 12
hours later there was a small depression and 24
hours later a marked depression in the transferred
lymphocytes.

The kinetics of RNA synthesis in lymphocytes
influenced by macrophages showed similarities to
the macrophage inhibition of DNA synthesis
presented in a preceding paper (13). Transfer of
Iymphocytes to macrophages 72 hours after start of
the experiment caused an immediate depression of
3H uridine incorporation to about 54 per cent of the
control values (Fig. 2). However, 3H uridine
incorporation in lymphocytes cultured in the
proximity of macrophages during the whole experi-
ment was depressed to about 38 per cent of controls.

DNA and protein synthesis in PHA-stimulated
Iymphocytes removed from macrophage cuitures.
PHA-stimulated lymphocytes were cultured in
membrane chambers placed in culture dishes with
or without macrophages. Forthy-eight hours after
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Fig. 4. IH leucine incorporation in PHA-stimulated
Iymphocytes cultured in brane chambers mounted
on % mm high rings placed in culture dishes with or
without M. (A——A), with M; (O—0), without AL,
{x—x), with M for 48 hours before transfer to dishes
without M. The values are means * SEM of fine
experiments

start of the experiment, some of the membrane
chambers were transferred from dishes with ma-
crophages to dishes without macrophages. To study
the kinetics of DNA synthesis, lymphocyte cultures
were harvested every four hour from the 48th to the
60th hour after start of the experiment and
subsequently at 72 and 96 hours. The kinetics of
protein synthesis were studied by harvesting lymp-
hocyte cultures at 52, 72 and 96 hours.

The results show that macrophagevdeprcswd
Iymphocytes increase their 3H thymidine incorpora-
tion abruptly during the first 12 hours after transfer
to dishes without macrophages (Fig. 3). Eight hours
after transfer, the *H thymidine |noorpomiogl was
larger in the transferred lymphocytes than in the
control lymphocytes cultured without macroph:_lscs
during the whole experiment. However, the diffe-
rence was not significant (p > 0.05) Twelve hours
and 24 hours after transfer, the H thymidine
incorporation was significantly farger i the trans-
ferred lymphocytes than in the controls (p < 0.05)
After another 24 hours the difference had disappea:
red
The inhibttion of ’H leucine inoonwnliqn m
tymphocytes cultured for 48 hours in the proximity
of macrophages was not relieved 4 hours after

is 3H thymudine mncorporation m PHA
l’;'xg;;p':l.oc;les Zullured 1n membrane chaml?ers m?unted
on ¥% mm high rings placed 1n culture dishes v«nh\olr
without M. (A——A). with M: (0—0). wnlhout;| .
(x—=), with M for 48 hours before transfcr\;c d{xs es
without M. The values are means + SEM of six

experiments.

transfer of lymp to dishes without macrop-
hages (Fig. 4). At subsequent registrations, there
was a considerable increase in 3H leucine incorpora-
tion in transferred lymphocytes, but not to the lc_\':l
of controls cultured without macrophages during
the whole experiment.



DISCUSSION

H leucge i accurate

nucleic acid synthesis affecting both replication and

isa
1ndex of the rate of protein synthesis (6). However,
H undine incorporation is not a true reflection of

. The delayed inhibitory effect on
protein  synthesis may reflect that mRNA is
available 1n sufficient amounts for at least 8 hours

the RNA synthesis in st as "w after
unstimulated lymphocytes, because the rate limiting
step in 3H wvridine i ion in i

of DNA and RNA synthesis. Thxs
is in accordance with the stability of mRNA in

Iymphocytes might be the transport of precursor
through cell membranes (3, 10). JH uvridine
incorporation is a more accurate index for registra-
tion of depressed RNA synthesis in PHA-stimu!

cells (5, 12).

DNA synthesis in lymphocytes removed from
macrophages 48 hours after start of the experiment
readily reached the level of DNA synthesis i}l

a

ted [ymphocytes.

Both H leucine and *H undine mncorporation
was inhubited when PHA-stimulated lymphocytes
werecultured m contact with macrophages or i the
proxumuty of macrophages for 96 hours. This is 1
accordance with preceding results (13) showing
whibition of DNA synthesis and proliferation.

A possible explanation of the inhibition of H
leucne and 3H undine m

control lymp! . thus §

effect. Twelve and 24 hours after removal, the
DNA synthesis in these lymphocytes was signifi-
cantly higher than in control lymphocytes. This
might be due to synchronization of the DNA
synthesis because of accumulation of lymphocytes
1n G, or Gy phase during macrophage depression.
Control lymphocytes fimsh their first S phase and
mitosis in 48 hours (2, 11) Protein synthesis in

on the layer

might be 1sotope depletion of the medium by the
mxrophages However, this explanation can be
excluded for the following reasons The maximum
150tope ncorporation registered 1n the stimulated
lymphocytes cultured alone exceeded the sum of the
i n p! and
cultured together, thus showing that there was
enough 1sotope available Furthermore, 1f lympho-
Cytes and macrophages were competing for 15otope,
the reduced 1sotope incorporation m lymphocytes
®ould be expected to increase with culture tme as
long as the wcorporaton m macrophages did not
mcrease No significant increase was observed
ather 1n orn 1 d lymphocy
&5 In the membrane chamber expeniments, 1sotope
depletion was even less hkely because a larger
volume of medium with isotope was available

Waldman & Gouthed (16) found a moderate
whibtion of 'H undine and “C ammo acd

n ymphocyles co-
Qultured w1th rat penitoneal macrophages The ratio
of macrophages to lymphocytes was 15 In our
. human ftured with
PHA-sumulated lymphocytes 1 a2 simalar ratio
€aused a very strong mhibition of *H uridine and H
leucine incorporaton The inhibion was strong,
¢ven though the celt populations were separated by
3 membrane concomtant with a reduction in the
macrophage/lymphocyte rauo to 1-10 This indica-
tes that both RNA and protein synthests 1s inhibited
by a soluble factorts) released by macrophages
The kineucs showed that DNA and RNA
synthesss 1n sumulated lymphocytes were readily
hibited 1n the proximity of macrophages Thys
depression may be a result of a blocking effect on

ymphocytes removed from macrophages showed
the same increase as protewn synthesis in control
Iymphocytes, though it did not reach the level of the
controls Since the cells synthesize protein during alf
phases of the cycle, this observation probably
reflects the 1nhibited proliferation during exposure
to macrophages with fewer lymphocytes in the
cultures removed from macrophages than in the
controls
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Lippe and A Remen, 15 gratefully acknowledged 1 am
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chambers were transferred from dishes without
macrophages to dishes with macrophages. The
kinetics of the inhibition were studied by harvesting
cultures every 4 hours from the 72nd to the 84th
hour after start of the experiment. Some cultures
were harvested at 96 hours.

The 3H leucine incorporation in lymphocytes
cultured in the proximity of macrophages during
the whole experiment was strongly inhibited (Fig.
1). Transfer of lymphocytes to macrophages 72
hours after start of the experiment had no immdiate
effect on 3H leucine incorporation. However, 12
hours later there was a small depression and 24
hours later a marked depression in the transferred
lymphocytes.

The kinetics of RNA synthesis in lymphocytes
influenced by macrophages showed similarities to
the macrophage inhibition of DNA synthesis
presented in a preceding paper (13). Transfer of
lymphocytes to macrophages 72 hours after start of
the experiment caused an immediate depression of
3H uridine incorporation to about 54 per cent of the
control values (Fig. 2). However, 3H uridine
incorporation in lymphocytes cultured in the
proximity of macrophages during the whole experi-
ment was depressed to about 38 per cent of controls.

DNA and protein synthesis in PHA-stimulated
Iymphocytes removed from macrophage cultures.
PHA-stimulated lymphocytes were cultured in
membrane chambers placed in culture dishes with
or without macrophages. Forthy-eight hours after
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Fig. 4. JH leucine incorporation in PHA-sumulated
lymphocytes cultured in chambers mounted
on % mm high rings placed in culture dishes with ot
without M. (A—A), with M; (O—0), without M,
(x—=x), with M for 48 hours before transfer to dishes
without M. The values are means * SEM of fir¢
experiments

start of the experiment, some of the membrant
chambers were transferred from dishes with m»
crophages to dishes without macrophages. To study
the kinetics of DNA synthesis, lymphocyte cultures
were harvested every four hour from the 48th to the
60th hour after start of the experiment. and
subsequently at 72 and 96 hours. The Kinetics of
protein synthesis were studied by harvesting lymp-
hocyte cultures at 52, 72 and 96 hours.

The results show that macrophage-depressed
Iymphocytes increase their 3H thymidine incorpora-
tion abruptly during the first 2 hours after transfer
to dishes without macrophages (Fig. 3). Eight hours
after transfer, the 3H thymidine incorporaliop was
larger 1n the transferred lymphocytes than in the
control lymphocytes cultured without macroph?!ﬁ
during the whole experiment. However, the diffe-
rence was not significant (p > 0.05). Twelve h'ours
and 24 hours after transfer, the JH thymidine
incorporation was significantly larger 1n the trans-
ferred lymphocytes than in the controls {(p < 0.05)
After another 24 hours the difference had disapped-

red. .
The i of H leucine incorporation 19

34 thymidine incorporatian In cpm +103

Duratlon of lymphocyta culturs { havrs)
i -1 ed
i 3IH thymidine incorporation m PHA. stimulate
e { Zullur:d m b chambers mounted
n o hi B dishes with or
1 mm high rings placed in culture

owx:v.h{;u! M. (A—A), with M: (O—0), without M.

(x—nx), with M for 48 hours before transfer to dishes

wimuu{ M. The values are means * SEM of six
experiments

lymphocytes cultured for 48 hours in the provimity
of macrophages was not relieved 4 hours after
transfer of lymphocytes to dishes without macrop-
hages (Fig. 4). At subsequent registrations, there
was a constderable increase in 3H leucine incorpora-
tion in transferred lymphocytes, but not to the tevel
of controls cultured without macrophages dunng
the whole experiment.
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ISOLATION OF ENZYMATICALLY DERIVED FRAGMENTS
OF GUINEA PIG IgG
AND AN EXAMINATION OF THEIR REACT TVITY
AGAINST STAPHYLOCOCCAL PROTEIN A
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1 was separated by ton-exchange chromatography tato five fracuons,
::Zuc:nmoini‘xl;ﬂi’:;gmﬁzom Fe t?mmns Covatently hinked Fc (cFc) and non:gv:]renu): lmk::il
Fe fragments (nFc) were present, both with a molecular weight {Mw) of about 56;:('] 27‘:0‘:)87 s;;n
o balf fragments by gel filtration under dissocaung condiuon th_zs,oo‘ mF 000 Aa
tncomplete Fe fragment (Fc) was also tsolated (Mw 36.000), which consisted of dec‘., b m}dn
26.000) non-covalenty hnked 10 a piece of another chain These preparations all re; ; 1th ps
A In addion, the Fc fragment (Mw 22,000}, which is the C-terminus of the Fe fragment, was
wsolated This fragment did not react with protein A The cFc was treated with aad 'md then digested
with trypsmm at pH 7 8 for 45 s The digest were separated mto four fracuons ll_—lV) by gel filtrauon
on Sephadex G-100 Fraction | was indisungushable from ntact Fe, fraction 1T contaned an
mcomplete covatent Fe fragment (Mw 34,000 10 38,000} Both these fragments reacted with protemn A
Fraction IV consisted of fragments belongiag to the C-terminus, and was protemn A non-reactive.

Fracuon K was shown to contain a muxture of fragments belonging to fracuons Il and IV

Key words Fc subfragments, guinea pig 1gG. prote:n A nteracton

€ Endresen. Mikrobiologisk ayvdeling. MFH-bygget. N-5016 Haukeland sykehus, Norway.
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Normal IgG from most mammalian species react
with staphylococcal protem A, the reaction site
being localized to the Fc part of the y-globulin (9,
10, 11, 12, 16) The nature of this Fe-protein A
wteraction 1s, however, poorly understood. Pre-
vious of solated Fe of
human 1gG have shown that only those fragments
having an itact Fe chain are reacuve 10 protein A
{5, 6) The purpose of this study was to examne the
protein A reactivity to guinea pig 1gG and 3G,
teacung with protein A through the Fc region (8), 1n
order to find out if there 15 an analogous reaction to
that of human I3G. Vanous Fc fragments produced
by papain digesuon of 1gG3 (1, 15) and subfrag.
ments of Fe denved by trypsin digestion were
characterized and included in the experiments.

MATERIALS AND METHODS

Purification of guinea pig IgG> and JgGy from pooled
rormal sera was performed by ammommumsulphate
precipitation and DEAE 1o exchange chromatography
as described 1n (14) The 1solated y-globulin pools were
further gel filtered through columns of Sephadex G-200
3.2 x 92 cm) equilibrated with 0 1 M Trs-HCIL O 15
MNaCl, 2 mM EDTA-Nazand 0 02 per cent NaNj3, pH
78. to obn monomenc y-globulm fractions The
protein solutions were concentrated by pressure dualysis
to concentrations of 15 mg/m! and stored at ~22° C
Papain digestion of IgG was performed as described
1 (21) The Fab and Fe products from papamn drgesuon
were solated by DEAE-cellulose chromatography
(Whatman DE-32, England) using 50 mM Tns-HCY, pH
22200 mi), and a Lnear salt concentration gradient (0-
04 M NaCl) a5 described 1 (I5) The isolated Fe

fragments were further separated on Sephadex G-100

193



b

I

~

o0

A

o

Greenberg, J. R.: High stability of RNA

in growing cultured cells. Nature 240. 102-104,
1972

Kay, J. E., Ahern, T & Alkms. M.: Ccntml of
protein during the acti of ly

tes by PHA. Biochim. Biophys. Acta 247: 322—334
1971,

Keller, R.: Cytostatic and cytocidal effects of
activated macrophages. In: Nelson, D. S (Ed)
1 iol of the

press, New York 1976, pp. 487-508

life

. Unsgaard, G.:

lymphocy in culture. Nature 2/0: 913914,
1966.

. Singer, R. H. & Penman, §.: Stability of Hela Cell

llng%NA in Actinomycin. Nature 240: 100-102,
2.

Unsgaard, G.: Immuno-suppressive effect of human
macrophages. I. Evidence for an unstable solutle
factor(s) inhibiting DNA synthesis and proliferaon
in PHA-stimulated lymphocytes. Acta path micro-
biol. scand. Sect. C, 86- 179-186, 1978
Immuno-inductive and immune-
influence of human monocular phago-

Keller, R.: Major changes in lymphocy
tion evoked by activated macrophages. Cell Immu-
nol. 17: 542-551, 1975.

Nelson, D. S.: Nonspecific immunoregulation by
macrophages and their products. In: Nelson, D. .
(Ed.). Immunobioclogy of the macrophage. Academic
press, New York 1976, pp. 235-257.

Peters, J. H. & Hausen, P.: Effect of phytohemagglu-
tinin on lymphocyte membrane transport. I. Stimu-
lation of uridine uptake. Eur. J. Biochem. 79: 502—
508, 1971,

. Sasaki, M. S. & Norman, A.: Proliferation of human

o

N

cytes cultured én vitro Acta path. microbiol scand
Sect. C, 85: 381-388, 1977.

. Unsgaard, G, & Lamik, J.: Inhibitory effect of

human mononuclear phagocytes on DNA synthess
in stimulated lymphocytes. Acta path. microbiel
scand. Sect. C, §5: 373-380, 1977.

. Waldman, S. R. & Gottlieb, A. A.: Macrophage

regulation of DNA synthesis in lymphoid clls
Effects of a soluble factor from macrophages Cell
Immunol. 9. 142-156, 1973.



. matenal contamed the same antigenic determunants
15 those of peak A and B{Fig 2a). Peak D contained
spparently only one fragment Gel filtration under
seutra! conditons showed ome peak With an
spparent molecular weight of 22,000, whereas get
firation under dissociating conditions as well as
SDS electrophoresis (Fig [) gave a molecular
weight about 10,000. Thus fragment contained less
antigensc determnants than fragments A, B, and C.
and was more anodical than the others (Fig 2b)

The elution profile from Sephadex gel filtration of
ypsin-digested Fe fragments 1s mFg. 3,
and the matersal was divided mto four fracuons {I-

. N

Fig 2 a Double,diffusion 1n agar gel The wells were
flied mih A1) B (2 and 5). C (3), D (4 and 6). and the
center well with rabbu anu-guinea pig Feyy serum b
Immunoclectrophorests of A (1), B (2), C (3), D (4)
Troughs no 2 and 4 were filled with rabbut anu-gumea
g Fey: speaific serum. the other troughs were filled
*1th rabbu anti-guinea pig Fab); serum

D250

Elution volume, mi

Fig 3 Gel filrauon on Sephadex G-100 of a trypuc
aigest of acid-treated Fc from guinea pig 1gG2 The
column (32 % 78.cm, Vo = 169 ml) was equilibrated
and eluted with 10 M acetic acid contaung 25 oM
NaCl (eluuon rate 18 ml per h).

1V) as mndicated Apparently fracuon I comtamed
almost undigested Fc fragments (Fig. 4) Fracton I
contained two fragments shightly different in size
according to the SDS electrophoress (Fig. 4), but
were i o
double diffusion and immunoelectrophoresis analy-
sis (Fig S} SDS-polyacrylamude gel electrophoresis
of reduced and alkylated material (Fig. 4) indicated
that both fragments consisted of one intact Fc chain
covalently bound to a segment of the other chain
Fraction IV appeared to be 1dentical to the papain-
derived D fragment (F¢') concerming sze and
antigenic properties (Figs 4 and 5), whereas fraction
111 contamned a mixture of one of the fragments
found 1n II and the fragment of IV. All fragments
precipitated with the ant-FCyr indicating that no
fragments comtaining only the Cu2 domain were
obtained

All fragments 1solated were tested for protemn A
reactivity as previously described (5, 6). Samples (2
mg protem) were passed through a Sepharose-
protem A column with 2 bindmg capacity of 5.4 mg
purified Fe The results are listed 1n Table 1. Only

B

L]

LT

i 56,000
PomT L
AN ; 22,000
Lbhee - —12,400
. [~

Yionom G cyte
—feduced — — |
Fig 4 SDS polyacrylamide

a ge! electrophy
fracuons 11V both non-reduced and reduce: ::‘;51; ":
cent mercaptoethano) IgG and ytochrome C (b::h
reduced) were run as marker proteins
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(3.2 x 90 cm) columns equilibrated 1n 0.1 M Tris-HC]
buffer pH 7.8, 0.2 M NaCl, 2 mM EDTA-Naj and 0.02
per cent NaN3. The fragments were then freed from
traces of Fab contamination by passage through a
column (I X 15 cm) of Sepharose 4 B containing
covalently linked IgG antibodies specific for guinea pig
Fab. The specific rabbit antibodies were coupled to
Sepharose 4 B according to Porath et al. {23). Further
separation of the Fc fragments were performed by
filtration on Sephadex G-100 and G-200 columns in § M
guanidine HCI-1 M HAc.

Trypsin derived Fc sub-fragments were prepared by
the procedure of Ellerson et al. (4). Punfied Fc (20 mg/
ml) in 0.15 M NaCl with 10 mM Tris-HCI buffer, pH
7.8, was exposed to acid (pH 2.5) for 5 min at 25° C.
Trypsin (Type X1, DCC treated, Sigma, USA) solution
was added (the enzyme to substrate ratio was 1:50), and
the pH was rapidly readjusted to 7.8 with 2 M Tris
After 45 s at 25° C the trypsin was inactivated using an
equal weight of soy bean trypsin inhibitor (Sigma, Type

RESULTS

The separation by DEAE ion-exchange chromatog-
raphy of the papain derived fragments of guinea e
I1gG; is shown in Fig. 1. The Fc fragments were
eluted in four peaks (A, B, C, and D). The fractons
under each peak were bulked as indicated, fred
from traces of Fab fragments on the immuno-
adsorbent column, and further examimned by gl

O0ygq A B ¢ D I
30 - - ~- 5500
- - -2 M8
- o
o6 oo
04
a2

1-s) The digest was then gel filtered on a S
G-100 column (3.2 x 78 cm)in | N HAc containing 25
mM NaCl.

Antisera to guinea pig 1gGs, Fey; and Fc'y2 were
obtained from rabbits given two intramuscular injections
of antigen 1n complete Freund's adjuvant (Difco, USA), 2
Wweeks apart. Two booster injections (2 mg in each) were
given subcutaneously, 8 and 10 weeks after the first
injection. Blood was drawn from the marginal ear vein &
to 7 days after each booster injection.

Folyacrylamide gel electrophoresis with SDS was
performed according to Fatrbanks et al (7) using 0.1 per
cent SDS in the gel The protein matenials were prepared
for electrophoresis by dialysis against 1 per cent SDS, 10
per cent sucrose, 10 mM Tris-HCl (pH 6.8), 1 mM
EDTA, 0 8 M urea and 4 per cent mercaptoethanol, and
heated to 108° C for 60 5.

Immunoelectrophoresis was performed using special
Agar Noble (Difco) in barbitone buffer (I, 0 025; pH 8 6)
and a voltage of 6—8 V/cm.

The apparent molecular weight of the Fc subfragments
was determined by the method of Andrews (2) using the
Kav values of the gel filtered protetns (13) The peptides
were reduced and alkylated (20), then gel filtered through
Sephadex G-200 (1 6 x 93 cm) and Sephadex G-100
(1 6 x 89 cm) columns in 5 M guanidme HCI-1 M HAc.
Dextran Blue (Pharmacia, Sweden), and DNP-alanine
(Nutritional Biochem Co., USA), were used to deter-
mine the void volume and total volume respectively.
Heavy chans (y2), L-chains and cytochrome C (Sigma,
USA) were employed as standard marker proteins

ble diffusion in agar was carried out as descn'bfd
bygﬂ:zuchterlo{y {22) 1n 1 per cent Agar Noble (Dafco) in
barbitone buffer (1, 0 025; pH 8.6)

The concentrations of proteins were performed by
ultrafiltrations using Amicon cells anfi UM-2 ﬁl{ers
(Diaflo, The Netherlands), and the protein concentration
determined as described in (17)

Elution volume, m!

Fig 1. DEAE ion-exchange chromatography of papan
digest of guinea pig 1gGa. The column (2.5 x 42w
was equitbrated with 50 mM Tris-HCl pH 80
Undigested IgG» and Fab fragments were eluted ofl the
column with 200 m! of buffer, and the Fc materal w38
released using a linear gradient of 300 m! buffer i the
muxing chamber and 300 m! buffer with ¢ 4 M NaCl i1
the reservoir chamber. Elution rate- 40 m! per h The
fractions A, B, C, and D were all bulked as tndica-
ted. The SDS-polyacrylamide gel electrophoresis of the
main fraction of each peak is illustrated Reduced ItG
was run as a marker of molecular weights

filtration on Sephadex G-200 and G-100 oolux.xms,
both with and without guanidine HCl-acetic acid &5
a dissociating agent. Fraction A and B both
contained two different fragments Gel filtration
under non-dissociating conditions gave only on¢
peak with an apparent molecular weight of 56,_000,
whereas 2 peaks with apparent molecular weights
of 56,000 and 25,000 to 27,000, were revealed
under dissociating conditions. The presence of these
fragments in A and B was also verified by SDS
polyacrylamide electrophoresis (Fig 1). The appa-
rent molecular weights were estimated by the same
method. Double diffuston experiments with A aqd
B gave one line of complete identity against anti-
1gG: (Fig. 2a). In addition to smaller amounts (ap-
prox. 10 per cent) of the same fragments as fopnd in
A and B, peak C contained a fragment with an
apparent molecular weight of about 36,000. Gel

ion under dissociati itions revealed two
peptide chains with apparent molecular weights of
about 26,000 and 10,000. This was also confirmed
by SDS electrophoresis (Fig. 1). The peak C
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Fig 6 Proposed structure and molecular weights of
pepain denived Fc sublragments of guisea pig 156Gz as
described by Alexander et at (1)

mdicates that trypsin primarily sphts between the
Cy2 and Cy3 domauns, and that free Cy2 peptides
are further rapidly degraded by the enzyme. On the
other hand, Cu3 homology regions in the form of
PR, tFc and Fo' fragments are all relatively
fesistent to further digestion.

Proten A reactive fragments were found 1n the
trypuc derived fractions I and I, whereas no such
acuvity was observed in the fraction IV fragments

Non-reacuve fragments were also present 1n
fracion 1 and 1l These fragments were both
chemically and serologically indistingwishable from
the protein A reacuve fragments of the same
fracion This was also the case for corresponding
fragments of human Fc (5, 6) Probably, small
differences 1n the amuno acid sequence or 1n the
teruary structure of Fc [ragments may affect their
ractivity with proten A

Protern A reactrve papain dernved fragments were
solated from fraction A and B. About 80 per cent
of all peptides 1n these fractions were fixed to the

S ——— Fc covalent

! g Ll (mw 55000)

I o oyvalent

I 2 incomplete
————

{mw 34-38000)
v P

S—— (W 22000

Fig 7 Proposed structure and molecular weights of
ypsin denved Fe subfragments

Sepharose-protemn A column. COnly slight rmcliv_ity
{about 15 1o 20 per cent) was atso found in fraction
C, containing about 90 per cent Fc incomplete
fragments, indicating that the latter fragments
‘varely reacted with protein A. This is in accord with.
the previous conclusions (5, 6) that one intact Fe-
chain is necessary for protein A reactivity. Cu2 and
Cid fragments of guinea pig 1¢G prepared by
cyanogen-bromide treatment according to (3) were
also non-reactive to protein A (Endresen, unpublis-
hed data) The non-reactive Fc incomplete frag-
ments apparently had lost too much of their N-
terminal structure. The recessity of the N-terminus
can be important on stabilizing the cis-interaction
between Cu2 and Cu3 (18, 19), an interaction
which might be of great importance to the protein
A-Fc interaction as well
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l.he_papain-den'ved fragment D and the trypsin-
derived fragment 1V were completely non-resctive
1o protein A.

DISCUSSION

'Ijhe Fc fragments of IgG; derived by papan
dlg&st.ion are apparently of four different types
Fractions A and B contained one fragment which
!)olh chemically and antigenically was equal to
intact Fc. In addition, both fractions containd
another fragment of the same size as intact Fe, but
which under dissociating conditions spht into two
sub-fragments (Mw 25,000 to 27,000) which were
indistinguishable both by gel filtration and by
electrophoresis. These findings are in accord with
those of Alexander et al. (1} who called thest
fi covalently linked Fe (cFc) and non-
covalently linked Fe (nFc), respectively (Fig. 6) The
fragmemt found in fraction C with an apparent
molecular weight of 36,000 is likely to be a F¢
incomplete fragment (iFe) (Fig. 6). This fragment
contained one complete Fe-chain with a non-
covalent bound piece of another chain. This piece
may be of variable size (Mw 10,000 to 14,000\
Fraction D was composed of two non-covalently
bound sub-fragments of similar size. According 10
the serological tests, this fragment probably belongs
to the C-terminus of Fc and is likely to be the so-
called Fc' fragment (Fig. 6). No free fragment of the
Cy2 domain was observed, thus confirming all
4@ previous observations by Alexander et al (1). The
- heterogenious pattern of fragments after papain
14 hydrolysis of guinea pig IgGy was different from
sumilar hydrolysis of human and rabbit IgG, both
giving a higher yield of Fc covalent fragments.
Fig. 5 a. Double diffusion in agar gel. The wells were The proposed structure of fragments after tryptic
filled with I (1), 11 (2), I (3), IV (4), Fc'($), and rabbit digestion of acid treated Fc is shown in Fig. 7.
b Eraction 1 contained undigested Fc. Fraction It

anti-guinea pig Feyz serum in the center well

Immunoelectrophoresis of T (l), 11 (2), I (3), IV (4). with one plete Fe chain
Antusera ere placed as described for Fig. 2. covalently linked to a piece of variable size from
another chain, and fraction IV contained ron-
Iy linked fi from the C-terminus

TABLE | Proten A Reactwvity of Various Fe Fi i : N
and Subfragments as Exnmale’z)i a{a Sepharose-Proten A WEC fmgmenﬁ} The number of fragments obuxgcd
Column with guinea pig Fc was more limited than when
- — human Fe was used (5, 6) Cy2 domain fragments
Fractions Protein A reactivity could not be isolated from guinea pig. probably
per oent because of a more rapid degradation than for
A 80 corr ing human . Attempts 10
B 80 recover free Cy2 peptides using a shorter digestion
c 15-20 ume than 45 s and an enzyme. substrale ratio of
b 0 1.100 was not successful. Unlike other domains.
I 7 the Cu2 homology region was found very suscep-
1 65 tible to enzyme attack. Most probably, the Cu2
° region is progressively degraded Fragments isolated

—_— N 3 A af
A-D Papain derived frag from peak [1 contained pieces of the N-terminal h:

fragments om f i J
I-1V. Trypsin denved fragments covalently bound to the other intact Fc chain. This
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Fig 6 Proposed structure and molecular weights of
fapam denved Fc subfragments of guinea pig 18G2 as
described by Alexander et al {1}

indicates that trypsin primarily splits berween the
Ci2 and Cy3 domains, and that free Cy2 peptides
are fucther rapidly degraded by the enzyme. On the
other hand, Cu3 homology regions in the form of
pF¢’, tFc’ and Fc' fragments are all relatively
Tesistent to further digestion.

Protein A reactive fragments were found 1n the
tryptc derived fractions I and 11, whereas no such
acuaty was observed in the fraction IV fragments

Non-reachve {ragments were also present in
fracion 1 and Il These fragments were both
chemically and serologically mdistmguishable from
the proten A rteactive fragments of the same
fracion Thys was also the case for corresponding
fragments of buman Fc (5, 6) Probadly, small
differences im the amino aad sequence OF 1n the
teruary structure of Fc fragments may affect their
feactivity with protemn A

Protern A reactive papain derived fragments were
isolated from fraction A and B About 80 per cent
of all peptides 1n these fractions were {ixed to the

IE——Fc covalent

L i mw 55000)

——— o ovalent

4 3 wcornplete

{mw 34- 38,000}
v C o R
‘wm—— (e, 22,000
Fig 7 Proposed structure and moleculas weights of
trypsin denved Fe subfragments

Sepharose-protein A colum. Only shght reactivity
(about 15 10 20 per cent) was also found in fraction

, containing about 90 per cent Fc incomplete
fragments, indicating that the latter fmgm:gls
barely reacted with protein A. This is in accord with
the previous conclusions (5, 6) that one intact Fe-
cham is necessary for protein A reactivity. Cul and
Cu3 fragments of guinea pig 12G prepared by

by

ide treatment

1o (3) were

also non-reactive to protein A (Endresen, unpublis-
hed data). The non-reactive Fc incomplete frag-
ments apparently had lost too much of their N-
terminal structure. The necessity of the N-lermirfus

can be
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between Cy2 and Cy3 (18, 19), an interaction
which might be of great importance to the protein
A-Fe interaction as well
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The immunologica parados of pregnancy has attrac-
ted much interest since it was first suggested that
Pregnancy could be compared to organ transplantation
from an immunological pownt of view (6) Several
theortes have been advanced 1n atiempts 10 explam the
Survival of the foetal altograft (5) Pregnancy zone
protein (PZP) has been suggested 10 be one of the
uaspeaific immunosuppressive factors operating 1 preg-
Bancy because of the marked elevated serum concentra-
ton i pregnant women 1. 2, 8, 13, 16) Immunosupp-
Tessiv¢ properties have been demonstrated 10 11 vivo tests
137.9.10. 12, 15) The bivlogical importance of PZP,
boweser, s largely unknown, although some selectve
affinuty for menocyte- and lymphocyte subpopulations
Bas been suggested (11}

1n the present study the Immunosuppressne effect of
human PZP was examined n an in vivo mod
us¢ of heterotopic transplaniation of strongt
ompatible mouse heart allografts

¢ making
y hustoin-

Materials and Methods

Purification of PZP proten Serum fr
women in the third trmester w;
volumes of 003 M NaK-phosphate buffer, pH 7.2,
Aetacridinlaciate was added 10 a final concentration of
04% w/v and pH adjusted 10 6 0 The mixture was

om pregnant
as diluted with | 25

10 twice the oiginal serum volume of 0 83 M NaC1 ang
centrifuged at 1500 g for 15 munotes The supernatant
3% dialysed against 0 03 M NaK-phosphate buffer, pi{

harose 6 BCL. The fractions

rum dered control prepar,

OCP) Male serum without det preparaiion
ectable Jeve

02 pg/m) went throug cls of PZP (<
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Discussion

Pregnancy zone protein has been suggested to exert an
waspecific immunosuppressive effect during pregnancy.
Thus hypothesis ts based o the observed immunosupp-
ressive effect of PZP 1n i vitro tests But the conclusion
that can be drawn from assessing the effect of PZP on
fymphasd cells in 10 Vitro tests are imited. Therefore it
was decided to examme the possible i

that endocrine stimulation, caused by mamputation, had
no immunosuppressive effect.

Previous investigations have demonstrated an infubi-
tory effect of PZP on T-lymphocyte functions in vitro
“The results of the present mvestigation are in accordance
with the hypothesis that the PZP also affects the cell
mediated 1mmune respouse 1 vivo

effect of tuman PZP in a heterologous in vivo
transplantation system Optimal conditions for the 1n
wno tesung of PZP would require the use of a pnmate
tesplantation model and the homologous PZP analo-
gee. Technical and economical reasons have precluded
the use of this m vivo model Analogues to human PZP
have been detected 1n apes. monkeys, dogs. cows and
sheep by immunological technmiques (17) Pregnancy
associated mouse protems with ay, a3 and f-mobility
Rase been described {4), but no anugenic cross-reacuvity
© human PZP was observed

The observation that ehmsnation of PZP from mouse
serum s faster after the first injection than after repeated
[Bectings Suggests a saturation of sites with specific or
son-speaific affiruty for PZP The famuly of elimination
curves(Fig 1) indicates no immunological elimunation of
the protein 1 the period Studied

The PZP treated recipients showed a sigmificantly (p
< 0001) ncreased mean graft survival time when
ompared to all three control groups A less pronpunced
prolongaten of survival was observed in the MCP
trezted recipients, indicating either that MCP contained
y&hn immunosuppressive factors than PZP or that the
tmmunological system of the muce became depressed by
n overload of the foreign protens However, as the
Protemn concentration m the PZP and MCP preparations
Were the same, the sigmficantly different 1mmunosupp-
Tessve effect of these two preparations cannot be
woounted for by such an overloading effect

The graft survival time 1n PBS treated and not treated
umals showed no significant difference This indicates

This work was supported by the Danish Medical
Research Councr! (Project mo  S512-5685) and the
Swedish Medical Research Council (Project no 4217).
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constituted about 60% of the protein content in the test
preparation, human serém albumin from male serum
was added to the MCP preparation to give the same total
protein content in both preparations.

FZP determination. PZP concentration was determi.
ned by rocket immunoelectrophoresis (18) using a
monospecific rabbit antiserum 1o human PZP. The
electrophoresis was performed with 0.028 M barbitat
buffer at pH 8.6 and | V/cm gel for 18 hours

Transplantation model. Hearis of infant A/J BOM{
(H-2a) mice, less than 24 hours old, were grafted
bilaterally in 2 § mm deep subcutaneous pouch in the
dorsal pinna of adult male A.CA (H-21) mice (14} The
action potentials of the transplanted heart muscle were
recorded daily beginning at day seven following surgery,
Needle electrodes were inserted on either side of the graft
and m the tail, and potentials were amplified on an ECG
amplifier EAP 205 and recorded on a trendscope MTS
216. Termination of electrical activity indjcated rejection
of the graft. Mice were anaesthetized during surgery and
ECG recording with 0.3 m] Epontol® injected intraperi-
toneally.

The A.CA secipients (in total 127) were divided into
five groups, one of which served as an untreated control
group. Group two was injected 84, 96, 108, 132 and 156
hours after surgery with 0.5 ml PBS. Groups three and
four were injected at similar intervals with 0 5 ml MCP
or PZP (4 mg/ml), To study the influence of injection
ume of PZP in relation to surgery, group five was

injected with 0.5 ml PZP solution {4 mg/mi} at 0, 12,
24, 48 and72 hours after surgery All injections were
given intraveneously 1n the ta1l vein

Elumination of PZP protern Eliminaton of PZP from
the serum was studied in two experiments. In the first,
two mice were injected with 1 mg PZP (0.5 ml)
mtravencously Blood samples were drawn from the
periorbutal plexus 35, 30. 60, 120 and 360 minutes after
the inyection

In the second experiment elimmation of PZP was
examined in five groups with four animals in each group
The first group recerved one dose of 550 pg PZP (05
m)). the second group Mo doses etc. with intervals
stmular to those used 1n transplanted mice Rlood samples
were taken [, 2. 4, 24, 48 and 72 hours after each

mjection

Results
Elimination of PZP from nuce Intraveneous injection
of 1 mg PZP resulted 1n a blood concentration of
approximately 650 pg/ml five minutes after the
ection. The curve a reduc-
1ion to hall that concentration ta 30 minutes. and a
further reduction to one quarter of the inttial concentra-

tion 10 two hours,
10 the long term elimination experiment (Fig 1. the

300

~
=
3

3
3

Pregnancy zone protein {pgimt)

Time {days)

Fig [. Elimination of human pregnancy zone protein
from serum of five groups of mice given one or repeated
doses of 550 pg PZP. ® — @ one injection, O — O o
injections, W - ® three injections A - A four
injections and A — A five injections, The first sample
was taken one hour after cach injection. § raean = 15D
for four animals in each group

transplantation experiment could maintam a2 minimum
blood PZP level of 100 pg/m) for three to four days

T I ion exp s Comp between
mean graft survival time for untreated and PBS treated
mice showed no sigmsficant difference {p > 0 1) {Tabk
1) Injection of MCP resulted 1n a significantly prolonged
gralt survival ume compared to untreated {p < 0000
and PBS treated mice (p < 0.02) Both groups treated
with PZP (5 x 0.5 ml with 4 mg/ml) had significantly
longer graft survival times than untreated muce <
0.001), PBS treated mice (p < 0 001) and MCP trested
mice {p < 0.001) The ume of apphcanon of PZP 10
surgery had no sigmigicant tnfluence on the graft sunn 2
tme{p > 0 7).

TABLE |. Graft Survival Times for Heierotopic Al!
BOSM (H-2a) Heart Transplams in A CA (H-2f) Reapi-
ents Treated with 10 mg Heuman Pregaancy Zone Proten
(PZP). 10 mg Male Serum Derved Control Preparation
(MCP) and Phosphate Buffered Saline (PBS)

irst injection resulted in a b 'mmzl

::on ar:d elimunauon rate of PZP as in the short term
ment. Repeated injections with i2 o 2'4 hour
s increased the imual PZP concentsation and
1on from the blood The five
e in the

expert
intervals 0
reduced the rate of eliminat
injections given at intervals simlar to thos

Graft

survival
Treatment No of ame  SD

rectpients (mean)
No 23 1o 7
PBSday3Y 1064 29 HEREET]
MCPday3% 1064 3 lg; ;;

PZPday 3}, 106Y, 14 |

“ % 14 154 15

PZPdayOto3 )y




Discussion
Pregnancy zone protein has been suggested to exert an
unspectic ive effect during 3

“This bypothesis is based on the observed immunosupp-
resweeffect of PZP m in witro tests But the conclusion
a1 czn be drawn from assessing the effect of PZP on
fymphoid cells in an vitro tests are hmited Therefore it
»25 decaded to examine the possible i

that endocrine stimulation, caused by manspulation, bad
10 immunosuppressive effect.

Previous investigations have demonstrated an inhibi-
tory effect of PZP on T-lymphocyte funcuons in viro
The results of the present investigation ase in acoordance
with the hypothests that the PZP also affects the celf
mediated immuné response in vivo,

et of human PZP in a heterologous m vivo
Tasplantation system  Optimal conditions for the m
10 tesung of PZP % ould require the use of a primate
tragsplantation model and the hamologous PZP analo-
gue Technical and econommucal reasons have precluded
the use of this 1n vivo model, Analogues to human PZP
bave been detected 1n apes, monkeys, dogs, cows and
sherp by immunological technigues (17). Pregnancy
assocaated mouse proteins with a1, az and @-mobiity
bave been described (4), but no anugenic cross-reactivity
o buman PZP was observed

The observation that elimunation of PZP from mouse
serum s faster after the first injection than after repeated
wjechons suggests 4 saturation of sites with specific or
wn:speafic affinsty for PZP The famuly of ehmination
anes{Fig 1) mdicates no immunological ehmunation of
e protein 1 the period studied

‘The PZP treated recipients showed a significantly (p
< 0001) 1ncreased mean graft survival ume when
@mpared 1o all three control groups A less pronounced
frelongation of survival was observed 1 the MCP
Ueated reqipients, indicauing erther that MCP contaned
Other immunosuppresstve factors than PZP or that the
immunological system of the mice became depressed by
13 overload of the foreign protems However, as the
Protem concentration 1n the PZP and MCP preparations
Were the same, the significantly different immunosupp-
fessne effect of these two preparauons canaot be
Acoounted for by such an overloading effect

The graft survival time in PBS treated and aot treated
Aaimals showed fo signaficant dfference This ndicates

This work was supported by the Danish Medical
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Swedist Medveal Research Cotinct! {Project no 4217)
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The potent mycotoxin ochratonn A (OA) has been
shown to be causally associated with toxic nephropathy
@ farm anmals 1n Denmark (Krogh et al 1973. Elling et
al 1975) To quantitate OA 1n ussue or blood a specific
a0d bighly sensiuve assay 1s needed

Radioimmunoassays {RIA) for OA have been develo-
Ped using antubodies synthesized agamst OA coupled 10
boune serum alburmn (BSA) via the acuoa of a
denvause of carbodumide Aatund et al 1975, Chueral
1976} Chu et af (1976) achieved an OA/BSA molar
120 of $-10 1 the coupling product.

It is a general experience that a hapten-protein molar
U0 of Tess than 10 15 associated with the production of
low affimty antbodies obtuned 1n only low titres
Utraham 1974) However when the molar rauo s 20
of more 1 1s possible 1o induce the syathesis of
antibodies with hgh affinty and frequently also to
obtin high uwes Ths 15 essenual since the sensitvity of
RIA 1 directly proportional to the affimty of the
anubodies (4traham 1974)

In s paper a procedure is described for coupling 04
© BSA using a modificauon of the muxed anhydnde
methad (Erfanger et al 1957 10 obtain a haptea/carrier
molar rato of 20 1n the coupling product.

Materials and Methods

Crystalline OA prepared from cultures of Aspergllus
ochraceus (Krogh et al 1976) was readily soluble 1n
tetrahydrofurane (THF)

Just prior 10 use solsent (THF) and reagents (tri— n —
butylamine. 1sobutylchlorocarbonate) employed 1n the
carbaxylic acid anhydride reaction had been distiled and
rendered anhydrous over calcium chlonde.

The OA-BSA coupling wncluded the follow ing steps

| 403 mg (01 m mol) OA was dissolved 1n | ml

THF A separate aliquot of | ml THF followed

through the procedure as a control
25 11 (0 1 m mol} tn — n - butylamine was added
After cooling to 10% C. 15 ul 01 m mol
1sobutylchlorocarbonate was added
The reacuon was allowed to proceed for 30 min at
10° C wuth frequent muxing
167 mg {0 002 m mo!) BSA was dissolved m § 7 ml
tcecold water/THF (v/v 25 35) contaimng 170 b
N sodium hydroxide solution
The carboxy lic aad anhydnide solution was added to
the BSA solution under surring which was conu-

nued at 42 C for 4 h. After one hour, pH was
adjusted to 9 0 i
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. The mixture was dialyzed against tap water

overnight.

. BSA was precipitated at pH 4.5 overnight at 4¢ C

using IN hydrochloric acid.

. Following centrifugation at 3000 x g at 4° C for 30

min, the precipitate was reconstituted in 2 ml Tris
buffer, 0.05 M, pH 8.5.

. The solution was subjected to gel filtration on a

2.5 x 40 cm column of sephadex G-100 using Tris
buffer, 0.05 M, pH 8 § as the eluent,

. OA had an absorption maximum at 380 nm in Tris
buffer, 0.05 M, pH 8.5, and the extinctj

technique (Efling 1977). The antiserum contained ant-
BSA antibodies, but retained its anti-OA activity alter
absorption with BSA. The concentration and specificity
of the OA antibodies were sufficiently high to altow the
immunofluorescent tracing (Elfing 1977)

In experimental as well as in clinical work there is a
demand for specific OA tests with sufficient sensitivaty to
allow the analysis to be performed on small aliquots of
sera. The above OA-BSA antigen would seem to meet the
primary requirement for production of OA antibodics
sujtable for perfection of a RIA for OA in serum

coefficient was determined to be 8.0 x 103 M-I
cm™! at the above wave length. The absorbance of
the fractions after ge! filtration was measured at 380
nm and | cm light path. Ninetysix per cent of the
total amount of eluted OA appeared in the Ve/V,
interval 0.21 to 0 38 corresponding to the elution
site for the OA-BSA coupling product Four per cent
of the OA; i.e. residual free OA, appeared in the V/
Vi interval 0.81 to 1.0. Ve and V. is the elution
volume and the volume of the gel bed, respectively,

. Fractions representing the V¢/Vy interval 0.23 to

0.34 were pooled to form the QA-BSA fraction.
. OA-BSA and control-BSA were dialyzed against
deionized water and lyophilized.

. The dried material was dissolved in Tris buffer,

0.05 M, pH 8.5 to a concentration of 0.2 mg/ml.

. The difference in light absorbance at 380 nm and |
cm light path between the OA-BSA solution (0.2
mg/ml) and the control-BSA solution (0.2 mg/m1)
was found to be 0.41. Hence, the concentration of
OA in the solution of OA-BSA was 0.051 mM apd
the concentration of BSA 0.0026 mM (Mol. wt. of
BSA = 70,000), giving an OA/BSA molar ratio of
20 1n the coupling product,

Results and Discussion

The coupling product has been used to immunize

rabbits for the production of antt OA antibodies
employed 1n studies on localization of OA 1n the kidney
of pigs and rats by an indiect immunofluorescence

This work was supported by the Danish Agricultural and

Veterinary Research Council. (Grant no. 523/9/5)
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The locomotor Kinetics of human granulocytes under gradient and mon-gradient conditions :en snfxdxu;
with the Boyden micropore filter method using casein as a stimulant The in-filter distr \:’uon grw
different tncubation times, and one-level counts for a wide range of cubation times were e(erlmm
photographucally Under gradient {»chemotactice} condtions, the number of responsing grany o;yll;s
depended on the sharpness of the casein gradient, whereas the average nuguu&nal vl::lcny .;1’1 ‘;
Vi ible, by comparison with a theoretical model,
population appeared 10 be constant. It was pot possi 3 €
demonstrate 2 dwectional migration towards increasing casein concentrations. The previously r:pcnefi
Gaussian under gradient ) conditions, was confirmed In these experi-
ments the number of responding cells appeared to depend on the absolute casem concentrauon, while

therr average veloaity seemed unnfluenced
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Studies concerming the locomotor response of
leukocytes to environmental sumuli may yield
information relevant to the nature of their mugratio-
oal properties Knowledge of the kinetics of whole
et populations 1s also important for the evaluation
of results obtamed with any method for measuring
chemotaxis

Zigmond & Hursch (1973), using the Boyden
millipore filter method (Boyden 1962) found that
borse granmlocytes — when moving in a non-
gradient system — closely followed the behaviour
expected from a random diffusion process for
particles moving out from a thin layer as described
by Jacobs (1967) These authors also found that the
early responding portion of a granulocyte ‘popula-
Uon, when moving up a gradient of a leukocyte
derived factor, mugrated en masse, showing a peak
of cell concentration moving through the filter. This
finding was considered evidenual for the chemotac-
e property of the leukocyte factor. Rosen (1976)

presented a model for i

based on results obtained by Witkinson (1974) with
the leading front method (Zigmond & Hirsch 1973,
Wilkinson 1974). In this model the migration of
granulocytes 1n filters is described by a moving
normal distribution. To test these theories on whole
el populations, in-filter counts in various systems
were made after a series of incubation times, and the
results compared to theoretical models.

MATERIAL AND METHODS

Human leucocytes were isotated by dextran sedimenta-
ton 1n blood from laboratory staff members and medical
students. The experiments were performed with modi-
fied Bayden chambers and 3 K pore size pullipore
Milters as described previously (Schreiner, in press), with
the modificaton that leukocytes were delivered 1o the
filters by sedimentation The Upper compartments of the
chambers were always filled with 085 ml of a cell
Suspension with 025 x 1p7 leukocytes in H: 3
Balanced salt sotution (HBSS) containing 2 permolek:t
bumzan serum albumin (HS A}




Gradient (chemotaxis) experiments. Cells in HBSS and
HSA were placed above the filter, and casein Hammar-
;len 4, 2 or | mg per ml in HBSS was placed beneath the

ilter.

Ne dient {activ

-8 randont mig — chemoki-
nesis) experiments. In addition to cells in HBSS and HSA
above the filters, casein in the same concentration - 4,2
or | mg per ml — was placed both above and beneath the
filter.

Non-gradient (not activated random ) experi-
ments. Cells in HBSS with HSA were placed above the
filter and only HBSS beneath the filter,

Experimental Design

For chemotaxis and chemokinesis, 3 experiments
were done for each casein concentration (4, 2 and | mg
per mi}: [n each experiment 36 chambers were incubated
simuitaneously, Every 20 minutes, 3 chambers were
removed and the filters immediately fixed. For random
migration (not activated), 3 experiments were done- In
each of these experiments 18 chambers were incubated,
and the first 3 chambers were removed after 20 minutes
and then 3 chambers every 40 minutes,

One-level counts.In each filter from each experiment,
cells that had migrated into the filter were photographed
and counted in 4 random fields at one level, 30 pm from
the cell starting side.

In-filter distribution. The cell distribution Within
filters after 20,60 and 180 minutes incubation was
determuned in 3 chemotaxis and 3 chemokinesis experi-
ments using 2 mg per ml casein, and in 3 random
migration experiments with HBSS alone: In each of the
triplicate filters, 2 random fields were photographed and
counted on 5 different levels begmning 15 pm from the
cell starting side, and advancing in steps of |5 pm.

RESULTS

The cell distributton within filters after 20,60
and180 munutes incubation for gradient, activated
non-gradient and not activated non-gradient experi-
ments 1s shown in Figs. 1a, band c. Figs 2a, band
¢ show the one-level counts from each type of
experiments plotted against the corresponding incu-
bation time. Because the resulting curves for
separate individuals had equal shapes and showed
maximal counts which in each case increased with
increasing casein concentration, means were also
calculated across the individual means. This proce-
dure increased the clarity of the illustration at the
expense of an increased standard error (SE). The
dard deviation (SD) for individual means rarely
exceeded 20% of the mean. .
In experiments where cells had re{lched the drs!al
surface, the proportion of neutrophils was consis-

tently above 95 %.
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Fig. 1 A, Band C. Granulocyte counts at 30 pm from the
cell-starting side in Boyden (ilters incubated for different
periods of ime in A: gradient, B activated, non-gradient,
and C: not activated, non-gradient expesiments. Mean
of 4 random fields 1n each of triphcate filters from
3 experiments.
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Fig 2 A, B and € In-filter distnbution of granulocytes
after 3 different incubation umes in A: gradient. B
activated, non-gradient. and C not activated, nom-
gradient experiments Mean of 2 random ficlds in each of
triphicate filiers from 3 experiments



Theoretical Approach

When particles move at random in a homoge-
pous substrate from an initial distribution represen-
ted by a thin Layer in position x =0 at time t =0, the
dstnbuton at 2 later time will be Gaussian, as
wdicated by Jacobs (1967)

nxty= A Nexp (-x?/4 pt) )

This equation for the expected number of particles
per unit volume 1s based on a simplified model with
constant mobility p for all particles at all values of x
and t. and a constant number N of particles per
oss-sectional area. A(t) is a normalization factor
whch s ether A=AL)={r pr% for a
medum which 15 infinite i both directions., or
A=A =(n pt>¥ for a semi-infinite medium

50 o0ty n
Fiz 3 Distribuvon after 3 differen: periods of bme {min)
of partcles moving at random 1n a semu-infinute medium

Total number of particles (N} per field = 103, diffusion
constant () = 2 pm2mun-1

3

num 3
200
D
“ 2 00
;
CE=) o0

Fig 4 Tume-dependence of panicle concentraton at 30

»m from the starung pomt for random euffusicy
Sfferent mobilwes. Diffusson consaant {u) = 1, zn.:;u‘n

with a boundary at x=0 In this mode] for simple
diffusion, the highest concentration of particles will
at all times be found near the thin layer (Fig. 3). If
the concentration of particles is observed for a cross
section in position x =constant = 30pm, the time-
dependence for different mobilities will be as shown
n Fig. 4. The t-axis has been reversed to give the
impression a movement from the left to the right.
‘When 2 directional force is added to this simple
model by assuming a constant velocity v, the
solution to the transport equation in an infinite
medium is (Rosen 1967):

a(x,)= ALON exp(x—v1)/4pt @

This function describes a propagating normal
distribution.

Zigmond & Hirsch (1973) demonstrated that the
distribution of granulocytes in millipore filters
closely followed the model for random diffusion
{equation (1), Fig. 3} Rosen (1976) succeeded in
fitting results obtained in mullpore filters by
Witkinson (1974) to the model represented by
equation (2). Rosen’s model implies that the
medium is infinite in both directions. A more
realistic model for filter experiments requires the
exclusion of negative x-values, because the cells can
only move mto the filter. A model with this
property can not be defined by a simple, exact
equation, but a good approximation ¢an be obtained
by modifying the normatization factor in equation
(2) to ensure a constant number of particles from
x=010 x=oo:

X=o0

A=A {/' exp [—(x—w)r/m]

x=0

For v=0, Af0) equalk A0 and i
becomes 1dentical to equation (1), cauaion @
Based on this model, the concentration profile at
dufferent umes for a reatistte choice of values for N
wand v, is shown in Fig §. The limt:‘dcpendenu;
fot particle numbers m a CTOss-section at x = 30 p is
shown in Fig. 6 for 3 realistic combinations of
and v. Again, the time axis has been reversed Fo:
v=0, /e no directional force, the same curve as i
FlgP“:; 2um? min-1)is obtained. "
fovided our simple model s » uate,
c:s:rved time-concentration profile (F?:QZb a'ndu::e)
should be comparable to the curves shown in Fig. 4



50 00 tum)  x

Fig. 5. Distribution of moving particles after 3 different
periods of time (min) when the mobility results from
random diffusion and an additional, directed force. Total
number of particles (N) per field = 103, diffusion
constant (x) = 2 pm2min~!, veloctty resulting from
directed force (v) = 0.2 pm min~I,

+ tmin) 200 100

migration on one hand, and an additional, directa
migration on the other (Zigmond & Hirsch 197}
Wilkinson 1974).

The Gaussian distribution of cells throughout th
filters in non-gradient experiments was confirme
in our experiments. However, the en masy
migration reported in gradient experiments b
Zigmond & Hirsch (1973) covld not be reproducy
by us. A peak of cell concentration moving througt
the filter was pever observed, although numerous
experiments of the kind shown in Fig. la wen
done with different casein concentrations over a
large range of incubation times {not shown), The
presence of such a phenomenon as described in the
experiments of Zigmond & Hirsch would hase lefi
the filter aimost void of cells if the incubation time
had been increased from 30 to 90 minutes.

The combination of data from filters which have
been incubated for different periods of time (Fig. 22,
b and c) as an attempt to simulate the ideal situation
of following the numbers of cells as a function of
both time and space, is open to question: Differences
in cell load from filter to filter will cause variations
in the in-filter counts and influence the shape of the
resulting curves. Furthermore, for longer malh:
tion times »surface border problems« may arnse:
When a random type of migration is considered, the
cells will move in all possible directions. They may
reach the distal surface, but may not be able to (ind
their way back into the filter. This effect of a imited
medium would lead to a dilution of the cell
concentration within each filter and reduce the in-
filter cells count. If it holds true that random
i is a part of the chemotactic response.

Fig 6. Ti of particle at 30
pm from the starting pomnt when the mobility results
from random diffusion and an additonal, directed force
Total number of particles (N) per field = 103, diffusion
constant {p) 2 pm2min~!, velocity resulting from
directed force (v} = 0, 0.2, and 0.4 pm min-!

Observations from gradient experiments (Fig. 1a)
should be comparable to the curves shown in Fig. 6.

DISCUSSION

The vast majority of in vitro measurements of
leukocyte migration is done in millipore filters with
various modifications of Boyden's method {Boyden
1962). Based mainly upon the observations made by
Zigmond & Hirsch (1973), it is commonly accepted
that random migration as well as directed migration
can be observed and measured in millipore filter
systems. It 1s also widely accepted that the
migration observed in filter systems with a chemo-
attractant gradient is the resultant of random

gradient experiments would also be influenced
Variations due to differences in ce]) Joad do ocur
(Schreiner, in press). However, deSpi(e_ the distur-
bance likely to arise from these variations. 2 well
recognizable curve shape was reprodl.wod fmrg
experiment to experiment. A dilution it the ¢
concentration near the distal surface of the ﬁlx}c:
may reduce the infilter count, but it is unlikely ‘“:
this would alter the shape of the cunes et
therefore find it acceptable to compare the combi
data with the theoretical functions shown. -
Data from activated and not activated m:d .
migration (Fig. 1b and ¢} which were expect :
follow the behaviour of a random diffusion. ﬂﬂ:d
thereby to be comparable with the lmfISfOY";or
Jacob's formula (equation (2), Fig. 4) did wl’ 3
the emprrically realistic dlffusion‘oonslzn( Om
pmisec!. Data from gradient experiments (Fig .
which - if the theory of a moving {‘gm
distribution holds true — should comparé ¥ 6 dd
modified Rosen's function {equation {($: an'.lh e
not do so, but compared favourably witd



theoretical model for random migration (equation
(1), Fig 4) with a diffusion constant of 4 pmisec!.
The finding that the bne-level counts in all filters
from chemotaxix and chemokinesis experiments
(Figs 22 and b) increased with increasing casein
concentyations, indicates that the number of respon-
ding cells is dependent on the sharpness of the
gradent in pradient experiments, and on the
absolute fon 1n activated gradient

and shorter incubation times. In summary the
following conclusions can be drawn from our
observations:

In millipore filter experiments with a gradient of
casein, the number of responding granulocytes
increased with the increasing sharpness of the casein
gradient, wiile the average velocity of the different
granulocyte populations within the gradient group

expeniments. In gradient experiments the cell counts
were maumal at approximately 150 minutes for
¢ach casen concentration. The curves for different
asein ions showed no di

‘was not i
Although the granulocytes moved faster in
gradient than in non-gradient systems it was not
possible by comparison with a theoretical model to
directed migration of

along the time axis, indicating that the average
velocity of the moving g ions was

towards casein 1n the millipore filter experiments.

fairly equal in each case. This result is in contrast to
the finding of Wilkinson (1974), that increasmg the
sharpoess of the gradient across the filter makes
granulocytes move faster. An explanation may be
that Witkinson used the leading front method With
this method the measured variable is the distance
moved by the »fastest« 2-3 cells. In the case of @
fandom type of movement, this distance will be a
furcuon of the number of responding cells, as well
35 of the distnbution of mobilities 1n the cell
population.

The fajure to demonstrate whole population
kumetics which 2pply to Rosen's model on one hand,
d the Failure 1o observe any displacement along
the ime axes for different gradients on the other,
nise senious doubts as to whether a diectional
mugration of granulocytes can be demonstrated
milipore filter systems,

From the scheckerboard analysis« of Boyden
SIperuments made by iifkinson (Wifkinson 1974, p
36) mght be suspected that the contribution of
gradients to the distance migrated by the leading
front 1s modest Hawever, because the contribution
10 the migrated distance of a directed force is
Proportional to time, and the contribution of a
random movement proportional to the square root
of time, such judgements are difficult The mathe-
aucal treatment of the checkerboard data by Rosen
{1976) 15 more informauve Based on his analysss it
@an easily be calculated that the of the

e of the in
filters under casein-gradient conditions, could be
better described as an enchanced random migration.
In i d gradient i the
number of responding granulocytes depended on the
absolute casewn concentration, whereas their average
velocity did not
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PROTEIN A REACTIVITY OF WHOLE
RABBIT IgG AND OF FRAGMENTS OF RABBIT IgG

CURT ENDRESEN

The Gade lasttute, Department of Microbiology, University of Bergen, Bergen, Norway

Endresen, € Proten A reacuvity of whole rabbit 12G and of fragments of rabbit 12G. Acta path

microbiol scand Sect C. 86 211-214, 1978

i cted with protein A. When this
Approumately 15 per cent of the total 1¢G 1m normal rabbit serum rea ¢ b
erotemn reacuve 1gG fraction was treated with acid at pH 27 and then digested with plasmuin, thus
Sobtung the rabbt 1gG between the Cri2 and Cyi3 domains. both the isolated Fach and the pFC

fragments were protein A mon-reacuve

This results ndicates that at least one ntact Fc chain is

necessary 1o fulfil the protem A—Fe mteraction Traces of protemn A reactive rabbit Flab)z fmypems
\solated from normal 1gG were also found These fragments mixed with pormal rabbit 1gG precipitated

protem A
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18G of most mammalian species interacts with
staphylococcal protein A through the Fe region (7,
8.9, 10, 11, 12, 13). Kronvall et al. (14) suggested
that the precipitation reaction between protein A
and human IgG was 1n two steps: A primary
teaction between protein A and the Fe portion of the
1mmunoglobulin, then a secondary proten = protein
mieraction They showed that the secondary reac-
on could be altered by carbamylation without any
nfluence on the primary reaction Thus, by this
chemcal human in lost

In contrast to human 1gG, normal rabbit IgG
does not precipitate with protein A but forms
soluble complexes. This work examines the possible
difference between human and rabbit IgG with
respect to protein A reactivity.

MATERIALS AND METHODS
Rabbit IgG was isolated from pooled sera by ammonium
sulphate preciputation, ion-exch on
DEAE-<ellul

the preapitation ability but the modified proteins
were sull able to inhibit the preapitation reaction
between protein A and precipitating 1gG (14).

In the wstar-phenomenon« {15), the FlabY,
fragments involved were found to be fixed to 2
Sepharose-protein A column (6), indicating that
these Flab); had speaficity for protein A. The
results showed that in human sera, there exist traces
of IgG able to combine with protein A through ther
Flab’); structure. This reactivity is apparently of

bivale=s —=ewn= ms = being formed with
monc

2
colums and gelfiltrated through Sepha-
dex G'-ZOO co!um as described in (16) Rabbit IgG with
protein A reactivity was isolated on a Sepharose-protein
A column prepared and used as described in (5),

Plasmun was supplied as a lyophilmed powder (3
us;xln units/mg proten Kabi AB, Sweden}
_ Plasmin digestion of IgG was performed as describod
in (1, 16) The pH of 15G (10-20 mg/m) in saline was
ld]umﬂ 1]:1, with 0.5 M HCl and the solution was
ncul at 37° C for 15 nun. The it
ot 31 C ¢ plasmin was added
+ 16) Digestion was performed wi

ith an -

substrate rato of 1:100 for 2 h at 37° C. The :1:2!‘;;
mizture was either stored frozen (~20° C) or fractionated



immediately on a BioGel P-150 (BIO-RAD Lab., USA)
column.

The BioGel P-150 column (2.5 x 88 cm) was equilibra-
ted with 0.1 M sodium acetate buffer pH 4.6 containing
6 M urea. Fractionation was achieved with a flow-rate of
10 mi/h.

Immunoelectrophoresis and double diffusion analysis
in agar were performed as before (2).

Antisera against rabbit IgG, Fc and pFc' were raised
in guinea pigs. The animals were given 2 mg protein in
0.1 m! PBS mixed with 0.1 ml complete Freund's
adjuvant (Difco, USA) into one foot-pad. After 14 days 2
similar dose was given intramuscularly, this time in
incomplete Freund's adjuvant. After a period of 2 to 3
weeks, the animals were given 2-4 mg protein in 0.5 ml
saline subcutaneously. After 14 days, the animals were
bled by cardiac puncture. Also commercial goat anti-
rabbit IgG serum (Behringwerke, BRD) were used.

Sodium-dodecyl-sulphate polyacrylamide electropho-
resis (SDS-FAGE) was performed in 12.5 per cent
polyacrylamide as previously described (3).

RESULTS

Starting with 280 mg normal purified monomeric
rabbit IgG, 34 mg were isolated on the Sepharose-
protein A column. Thus, less than 15 per cent of
normal rabbit IgG seem to be protein A reactive,
Concentrated to 7 mg/ml in PBS, the protein A
reactive fraction gave a precipitation in agar against
protein A not observed using normal rabbit serum
(Fig. 1). The isolated protein A reactive IgG was

e diffusion analysis 1n agar shows the
een protein A (1 mg/mi) (well 7) and
eactive fraction (7 mg/ml)
normal rabbit

) Wells 5 and 6 contain PBS.

Fig. 1. Doubl
reactions betw el
rormal rabbit IgG protein A r «
(well 2), normal human serum (well 3)an

serum (wells ! and 4
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Fig. 2. A. Gel filtration on BioGet P-150 of 2 2 b
plasmin digest of protein A reactive normal rabbit 1gG
(12 mg/ml). Column size: 2.5x 88 cm; Vo = 62 ml
Elution buffer. 6 M urea — 0.1 M sodium acetate buffer
pH 4.5. Elution rate: 9.4 ml/h. Facb and pFc’ fragments
was pooled as indicated in figure. B. Gel filtration of 2 2
h plasmin digest of protein A non-reactive normal rabbit
1gG (18 mg/m). Other data as described above.

digested with plasmin, and the digest was then
gelfiltered on a BioGel P-150 column (Fig. 2) undfr
dissociating conditions (16). The fractions contai-
ning the Facb fragments (I, [6) were pooled as
indicated in Fig. 2, and re-chromatographed on the
same column. After extensive dialysis against PBS,
the fragments were then applied to the Sepharose-
protein A column. Most of the material passed the
column in PBS, but some material was rewdedAand
eluted by 3 M NASCN (about 2.8 mg). Analysis of
this material, both non-reduced and reduced by
SDS-PAGE, indicated the presence of Fach frag-
ments together with intact IgG (Fig. 3).

After concentration, the protein A ren;llve
fraction (Facb plus IgG) precipitated with protein A
1n double diffuston 1n agar. Pepsin digestion at pH
4 0, destroying all the Fc structure of the molccul'es,
abolished the precipitation activity of the material
However, traces of Flab’); fragments were rfzumed
on the Sepharose-protein A column, indi the
presence of some specific antibody activity 3'831“5'
protein A in normal rabbit IsG After dia])sx§ and
Iyophilization, these Fab’) ; fragments were dissol-
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Fig 3 SDS-PAGE anatysis of rabbit Facb fragment .
pFC (D), reduced and alkylated protemn A reactive
fraction (Fach plus tntact 12G) (3), reduced and alkylated
PFC' (4) Reduced and alkylated rabbit G was run as a
marker (5}

ved 1n a few drops of normal rabbit serum This
muxture produced a weak diffuse precipitation in
double diffusion 1 agar against protein A.

Gelfitration on Sephadex G-200 in 5 M guant-
dine HOL-1 M HAc, of totally reduced and alkylated
samples of the protein A non-reactve fraction
showed 2 peaks, one contanng the light chains
Mol wt. 22,500) and the other reduced heavy
chains free of the Cy3 region (Mol wt 42,000) The
protein A non-reactive fraction thus consisted of
almost pure Fach fragments (Fig 4)

ey
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Fig 4 Ge) filtrauon on Sephadex G-200 of reduced and
alkylated rabbu 1gG ¢ ) a0d reduced and alkylated
frotan A pon-reacive Fach fragments (-—~=) Co-
hmnsize 1 Sx458 cm. Vo = 249 ml Eluuon rate
17 mi/h Elam $ M guamidine HOL = 1 M aceuc acid.
Double diffuston analysis shows the reaction betw een
$0at anu-rabbit G serum and intact rabbut heavy chain
(3), the beavy chasm of the Fach fragment lacking the Cyy3
region (2), and pFe’ (1)

DISCUSSION
Less than 15 per cent of normal rabbit lgG_was
protein A reactive by usiag a Sepharose-protein A
column. In contrast to normal rabbit serum, the
protein A reactive normal rabbit 1gG ina concentra-
tion of 7 mg/mi, was able to precipitate with
protein A in double diffusion. However, }he
reaction was weak compared to the reaction
between normal human serum and protein A {Fig.
1), The protein A reactive 1gG was eluted from the
Scpharose-protein A columa with 3 M NaSCN
solution. Some denaturation of the rabbit 1gG was
observed. To a certain degree this may explain the
weak and rather diffuse precipitation. However,
similar treatment of normal human IgG still gave a
stonger precipitation line with protein A than did
rabbit 1gG, when the same concentration of both
human and rabbit IgG was used.

1t 1s obvious that most of the protein A reactivity
of normal rabbit 1gG as well as that of human 1gG
is located at the Fe part of the IgG molecule (5, 8, 9,
10). As earlier described (2, 3), strong indications
are found that at least in human IgG, an intact Fc
chain is pecessary to fulfil the requirements of the
protein A-F¢ interaction.

Since nearly ali Facb fragments being produced
by plasmin digestion of the protein A reactive rabbit
1gG are protein A non-reactive, the requirement for
one intact Fc chain for protein A interaction seems
10 be true also in the case of rabbit IgG The isolated
rabbit pFc’ fragments were all protein A non-
reactive.

Traces of Facb fragments together with undiges-
ted 1gG molecules were fixed to the Sepharose-
protein A column. Pepsin digestion of this fraction,
followed by a new immunoadsorption on the same
column, showed that some F(ab'); fragments were
protein A reactive.

In a previous paper Grov & Endresen (6) showed
that traces of Flab’); fragments isolated from
normal human IgG and from normal guinea pig
12G did react with proten A and also that these
fragments could replace specific rabbit antistaphylo-
coccal Flab'), fragments in the »star« formation. No
activity was found in Flab'), isolated from normal
rabbit IgG. The discrepancy between this and
previous observations most probably is due to the
dmerex?: amount of normal rabbit 1gG used.

Obviousty, the amount of specific Flab'); activity
of normal rabbit 1gG against protem A is Tower
than that found in normal 1gG. This fact, together
‘with the observation that only 12-15 per cent of the
normal rabbut IgG react with proten A {compared
10 about 90 per cent of human and guinea pig 1gG),
n explain why normal rabbit serum does not
Pprecipitate protemn A in double diffusion in agar in



contrast to normal human and guinea pig serum. 7. Grov, A., Oeding, P., Myklestad, B. & Aasen, /.
In human serum, sub-classes IgGy, IgG, and Reactions of staphylococcal antigens with normal
IgGy react with protein A, whereas IgGy is reported sera, yG-globulins, and yG-globulin fragments of
to be protein A non-reactive (12). Different sub- various species origin Acta path. microbiol scand
classes of rabbit 1gG are not known, but papain- Sect. B, 78: 106111, 1970.
sensitive and papain-resistant forms of rabbit [gG 5 Forseren, A Protein A from Staphylocoorus
have been shown (4). When protein A reactive aureus. V1. Reaction with subunits from guinea g
s . N N yI- and y2-globuln. J. Immunol. 100: 927-930,
rabbit IgG was digested with papain (Endresen, 1968.
unpubllshed. da“f) and plasmin, and ﬂ'us was g Forsgren A. & Sjoquist, J: Protein A from
compared with digested pooled 1gG, no difference aurens, 1. P reaction
‘was observed. However, the protein A reaction can with human y-globulin. J. Immunol. 97: 822-827,
be of importance in the attempt to identify sub- 1966.
classes of normal rabbit IgG. 10. Forsgren, A. & Sjoquist, J.: Protein A from
Staphylococcus aureus. 111. Reaction with rabbit v
globulin. J. Immunol. 99: 19-24, 1967,
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with f lin-kilfed bacteria as well as previous hematogenous infection
with Protens OIH) showed a protective effect aganst hematogenous pyelonephrius in rats when the
bomologous strain was used Transfer of hypenmmune antisera protected against hematogenously
nduced infection Neither or with formaln-killed bacteria nor
transfer of urines contaming antbodies of the TgG class protected against ascending pyelonephntis
when the O3H1 strain was used Data are presented indicating that a rise of pH might decrease the

biological effect of antibodies, suggestng that Profeus urease activity 15 a virulence factor of importance
m this contest
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Urinary tract mfection (UTD) is a common
problem tn chuldren Most of these infections are
aused by Escherichia cofi. The second most
common causative agent 1s Proteus. Such bacteria
are often found in the presence of complicating
{actors such as malformauons of the urinary tract,
neurogenic bladder disorders or a history of several
Pprevious infections (5. 19}

Suice recurrent UT1 often occur in spite of
antibiotic treatment, the use of prophylactic immu-
ozaton agamnst the nfecung bactera has been

(10} Several i have used
anima) models 1o study the role of immunity in the
urinary tract (for reviews seee g 12,23). For E. coli
these investigations have demonstrated that serum
antibodies can protect aganst both retrograde and

induced pyelonephntis (3, 4, 11,
14,16, 17, 20, 29, 32) Most recently our studies
have indicated that also urine antibodies may
prevent ascending pyelonephratis in rats (16)

As a continuation of our studies concerning
Pprotection against infection caused by E. coli, the
present investigation was carried out to compare
and analyse the possibilities of achieving protection
agawnst Proteus infection in the urinary tracts.

MATERIAL AND METHODS
Bacterial Strains

Proteus mirabilis and vulgans strains belonging t
semloxlml_ system of Kauffmann & Perch (} E%I:‘:d 11‘1’“;
the following O and H anugens were used (Kauffmann &
Ferch designation in parenthesist O1H} XD, 03H1
(XK), O3H2 (F403), O6H1 (F 13)), OTH (F m,
Ol()lHI (F73), O10H4 (P 506), 02813 (F87) Ali
Strains except O1H (XL) were 2. mirabylis strains

Animals

Female Sprague-Dawley rats wi
(Anncimez, Stockholm, $w ad
£iven pellets and tap warer

5 weiting 200-300 ¢
<n) were used. The
2d bbum Y were



contrast to normal human and guinea pig serum.

In human serum, sub-classes 1gG), IgG; and
1gGy react with protein A, whereas [gG1 is reported
1o be protein A non-reactive (12). Different sub-
classes of rabbit IgG are not known, but papain.
sensitive and papain-resistant forms of rabbit 1gG
have been shown (4). When protein A reactive
rabbit I1gG was digested with papain (Endresen,
unpublished data) and plasmin, and this was
compared with digested pooled IgG, no difference
was observed. However, the protein A reaction can
be of importance in the attempt to identify sub-
classes of normal rabbit IgG.
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with e U

Kulled bacteria as well as previous hematogenous infection

with Proreus OIH1 showed a protective effect against hematogenous pyelonephriuis in rats when the
tomologous stran was used. Transfer of hypermmune antisera protected against hematogenously
if ization wit

induced 1nfection. Nerther

th f din-killed bacteria nor

or

transfer of unines containing antibodies of the 13G class protected agamst zsoendu!g pyelonephritis
when the O3H) stran was used Data are presented indicating that a nise of pH might decrease the
biologica) effect of anubodies, suggesting that Profeus urease activity 1s a virulence factor of importance

1o ths context.
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Unnary tract anfection (UTI) is a common
Problem n children Most of these infections are
@used by Escherichia coli. The second most
“mmen causative agent 1s Proteus Such bacteria
e often found in the presence of complicating

rs such as malformations of the urinary tract.
Beurogensc bladder disorders or a hustory of several
¥revious anfections {5, 19)

Smee recurrent UTI often occur in spite of
ot treatment, the use of prophylactc immu-
T22ton aganst the infecung bacteria has been
Sontemplated (10) Several investigations have used
tumal models to study the role of mmunity in the
unnary tract (for reviews see eg 12.23) For £ coli
these invesuigations have demonstrated that serum
ztbodies can protect agamnst both retrograde and
bematogenously induced pyelonephrius (3, 4, 11,
116,17, 20, 29, 32) Most tecently our studies

tave indicated that also unine it ma;

As a of our studies
protection against infection caused by E. coli, the
present investigation was carried out to compare
and analyse the possibilities of achieving protection
against Proteus infection in the urinary tracts.

MATERIAL AND METHODS

Bactersal Strains

Proteus mirabilis and sulgaris strawns belonging to the
serological system of Kauffmann & Perch (18) and with
the following O and H antigens weve used (Kauffmann &
Perch designation 1 parenthesssh OTH1 (XL), O3HI
(XK. O3H2 (F 403), O6HI (F 13D, OTHI (F 27),
O10H3 (F 73), OL0H4 (P 506), O28H3 (F 8T All
strams except O1H1 (XL) were 7. mirabihs stras.

Animals

“Temzle Sprague-Dawley rats weighing 200~300 g
t Stock

Frevent ascending pyelonephnits in rats (16)

5 Sweden) were used They were
given pellets and tap water ad Libitem,



TABLE 1. Antibodies to Proteus O3 and H1 Antigens as Measured with ELISA in (1) Sera fr

] G rom Healthy Rats, Q)

Hyperimmune Sera Used for Passive Transfer of Antibodies in Hematogenous Proteus O3H1 Pyelonephritis and (3)

Sera from the Rats Actively Immunized with Formalin-killed O3H{ Bacteria before Hematogenous O3H!
Pyelonephritis. Mean Values and Ranges are Giren

O3 antibodies

Sera obtained

HI antibodies

from group No of rats
1gG IgA IgM 1eG IgA IgM
| 4 7 24 7 k>) 22 25
(5-12) 19-27) (5-9) (26-38) as-31)
2 6 65 105 78 96 83 74
(48~80) (44-150)  (30-114) (57-119)  (41-110)  (16-100
3 7 43 54 79 n 46
(35-63) (38-92) (67-92) (59-89) G261y Q14D

Immunization Procedures

L Active immunization Formalin-Killed (0.5% ) bacte-
ria from broth cultures of the strains OIH1, O3HI,
O3H2, O6H! or OIOH3 were given three times
intraperitoneally in a dose of 0.25 ml (10%bact/ml) at

L. Passive intravenous immumzation. Sera wete
obtained from six rats immunized twice with formalin-
killed O3H1 bacteria with an interval of one week and
infected one week later with live bacteria of the same
strain, These sera contained high levels of 03 and HI

dies (Table 1) as determined with the enzyme-link-

day intervals. I was
carried out with the same preparations and time schedule
by introduction of the antigen into the bladder via the
urethra using a blunt needle. For intravesical immuniza-
tion the strains O10H4 and O28H3 were also used.
Immunization was also carried out by causing
hematogenous pyelonephritis (see below) with the O3H |
strain (29). Afer two weeks of infection the animals
were treated Wwith intraperitoneal injections of 20 mg
ampicillin (Astra, Sodertalje, Sweden) given twice daily

ed immunosorbent assay, ELISA (6, 21). These sera
were pooled and injected (0.5 mi) into the tail vein of
intracardially into healthy rats two hours before
hematogenous challenge with Iive O3HI bacteria (s¢e
below) Control animals received 0.5 ml of normal
pooled rat sera before infection.

I Passive intravesical smniunization Poled unne
(0.25 ml) was injected into the bladder via the urethra
Just before intravesical infection with the O3HI stram
The ing types of pooled urine samples were used

for one week to erad the infection H

challenge using the O3H1 sirain was performed 60 hours
after the last antibiotic dose. No ampicillin could at that
time be detected 1n blood or urine samples of rats, as
determimed with the paper disc diffusion method (10t of
sample/disc, Sarcina iutea ATCC 9341, PDM-ASM-
agar (Biodisk. Stockholm, Sweden))

TABLE 2 Antibodies 1o Proteus O3 and H1 Antigens as

Determined with ELISA tn Pooled Urines from (A) Fifteen

Healthy Preimmune Rats. (B) Fne Rats wuh O3H1-

induced Acute Ascending Pyelonephrins and (C) Ten Rats

Immunized Three Times [ntravestcally with Formalin-
Filled O3H1 Bacteria

03 antibodies H1 anubodies
Urine
pool KG lgA 1M 1G IgA M
6 33 38 3on 7
Q 9 26 14 10 1 7
C 15 37 16 s 13 7

A urine from 15 healthy rats

B urine from five rats with acute pyelonephritis caused
by the O3H1 strain and with urmary antbodics of
the IgG class to Proteus O3 and H1 antigens

C urine from ten rats immunized intravesically with (he
O3H1 strain and with urinary antibodses of the {sG
class 1o Proteus O3 and H1 antigens

For groups B and C urines were obtained from days 33-
36 after titiation of the infection or the immunization
The antibody levels of the urne pools were determined
with the ELISA and are shown 1n Table 2.

Infection Procedures

1 Hemaiogenous infecuion Live Proieus 0341 b?ﬂé'
ria (04 ml of 10%act/ml) were mected intracardially
foltowed by kidney massage as described by Sanford ¢
al 29)

1L Ascending infection Live Proteus bacteria (0.5 m!
of 10%bact/ml) were njected nto the bladder via the
urethra using a blunt needle In the case of passiie
mtravesical tmmunization, 0 25 ml of the urine pools A
B or C was injected just before infection with 0,25 mi of
live bactersa (2 x 10Sbact/ml).



TABLE 3 Protection against Hematogenous Proteus O3HI P ph

is in Rats after

with Formalimzed Bacteria or Intracardiac Imjection of Live Bacteria

Proteus stram used for Total no Rats with ro or sunor
Immunzation of rats pyelonephritsa

Q3HL (katled) 10 5:;

O3Ht (ve) 9 H

O3H2  (killed) :g

OtH1  (klled)

on immunized 9 1%

a) healthy rats and rats with pyelenephritis of grade 1
Mg 2 1{p<00l)

Sampling
rum and urne samples were obtained as described
earier (16)

Confirmation of Pyelonephnitts

After killing the rats the kidneys were removed under
sterile conditions and examined Cut surfaces were
moculated on to CLED agar plates {Oxoid) for non-
swarmung growth of Proteus. O grouping was performed
on posiuve cultures as a control of infection {(22)
Mucroscopicat examination was carried out as described
¢arhier (16) Grading of renal abscesses from 0 to 4 was
performed according to the method of MacLaren (24) 0
= 10 s1gns of pyelonephritss, | = one or more discrete
pnpoint abscesses, 2 = several pmpomnt abscesses
showng coalescence. 3 = confluent lesions occupying
tess than half of the kidney, 4 = confluent lesions
occupying more than half of the kidney

Anubody Determinavion and Isolation of Anuigens
Determination of anubodies to Proteus O3 and Hi
afttgens was performed using the enzyme-linked smmu-
tosorbent assay, ELISA (6, 21) with rabbst anti-rat 15G,
IgA and IgM from Nordic Laboratories, Tifburg, The
Netheriands The O3 antigen was prepared from a boiled
O3H2 preparation and used 1 an optimum concentra-
tion The H1 anugen was prepared from the O7H1 stram
and used m a concentration of 0 1 g/1(21) The rabbit
anurat sera were diuted 1/250 before use The
antbody utres were defined as earhier described (16) and

‘were expressed in per cent of standard sera Owing to the
small amounts of urines avaiable, the samples were
diluted 1.2 when used for antibody determination

Influence of pH on Absorption of Antibodies wuth
Formalin-killed Bacteria

Sera obtamed on days 7 or 30 from five rats with
O3Hlnduced acute pyelonephnitis were used for
absorpuon experiments Formalin-killed O3H1 bactena
were added to the antisera diluted 1/10 in veronal buffer
{005 mot/1. pH 7.2, 8 2 and 9 2) and incubated for 30
min at 37° C. After centrifuganon, the O3 antibody
levels were determuned i the supernatants using the
ELISA. The extinction values for antibodies of 1gG, IgA
and I1gM ymmunoglobulm classes obtaned for an
absorbed serum sample at the different pHs were
expressed in per cent of the value for the same untreated
serum at the corresponding pHs
Staustes

Statistical comparison of the groups in Table 3 were
performed using the Fischer test for testing equality of
binomsal proportions

Staustical comparison of the groups shown 1n Table 4
‘was performed by using a scores test {one-sided) designed
for tesung equality of two multimomial distributions.
agamnst an ordered alternative

‘The influence of pH on antibody acuvity, Table 5, was
satistically tested by combinng the results from five

d Spearman rank ion tests { ded)
each corresponding o one animal

TABLE 4 ive Effect of Passi
BLE 4 Protective Effect of Fassively Transferred -‘?;;1;'7 Anuibodies on Hematogenous Chatlenge wih Proteus

Rat serum given Noof rats
Normal seruma! 20
Hypetimmune serums p]

Result of bacterial challenge

death Pyelonephnius healthy
12 8
0
2 15

-’



TABL'E 1. Antibodies to Proteus 03 and Hi Antigens as Measured with ELISA in (1) Sera from Healthy Rars, (2)

Hyperimmune Sera Used for Passive Transfer of Antibodies in Hematogenous Proteus 0341 Pyelonephrins nnd’ )

Sera from the Rats Actively Immunized with Formalin-killed O3H! Bacteria before Hematogenous O34
Pyelonephritis. Mean Values and Ranges are Given

Sera obtained 03 antibodies HI antibodies
from group No of rats
IsG IgA IgM IsG IgA IeM
1 4 ? 24 7 32 22 25
5-12) (19-27) (5-9) (26-38) 183 031
2 6 65 105 78 96 83 74
(48-80) (44-150)  (30-114) {57-119)  @1-110)  (16-t01)
3 5 48 54 79 72 46
(35-63) (38-92) (67-92) (59-89) 32-61) (2141

Immunization Procedures

L Active immunization. Formalin-killed (0.5 %) bacte-
ria from broth cultures of the strains O1H1, O3HI,
O3H2, O6H1 or OIOH3 were given three times
intraperitoneally in a dose of 0.25 ml (10%act/ml) at

L. Passive intravenous immunization. Sera were
obtained from six rats immunized twice with formalin-
killed O3H!1 bacteria with an interval of one week and
infected one week later with live bacteria of the same
strain. These sera contained high levels of 03 and Hi
d (Table 1) as determined with the enzyme-link-

day intervals. was
carried out with the same preparations and time schedule
by introduction of the antigen into the bladder via the

ed immunosorbent assay, ELISA (6, 21) These sera
were pooled and injected (0.5 ml) into the tail vem or
i y mto healthy rats two hours before

urethra using a blunt needle. For i) i

tion the strains O10H4 and O28H3 were also used.
Immunization was also carried out by causing

hematogenous pyelonephritis (see below) with the O3H|

strain (29) After two weeks of infection the animals

were treated with intraperitoneal injections of 20 mg

ampicillin (Astra, Sodertalje, Sweden) given twice daily

hematogencus chatlenge with hve O3HI bacteria (see
below} Control animals received 0.5 mi of pormal
pooled rat sera before infection. .
1IL. Passive intravesical immunization, Pooled urine
(0.25 ml) was injected into the bladder via the urethra
just before intravesical infection with the Q3HI strain
The types of pooled urine samples were used

di the nfection F
challenge using the O3H | strain was performed 60 hours
after the last antibiotic dose. No ampicillin could at that
time be detected 1n blood or urine samples of rats, as
determined with the paper disc diffusion method (10ul of
sample/disc. Sarcina lurea ATCC 9341, PDM-ASM-
agar (Biodisk, Stockholm, Sweden))

for one week to He

TABLE 2. Antibodies to Proteus O3 and H1I Antigens as
Determined with ELISA in Pooled Urines from (4) Fifteen
Healthy Preimmune Rats, (B) Five Rats with O3H1-
induced Acute Ascending Pyelonephrinis and (C) Ten Rats
Immunized Three Tumes Iniravesically wh Formalin-
killed O3H1 Bacteria
N —————

HI anttbodies

03 antibodies
Urine [ —
pool G IgA IgM IgG IgA IgM
6 33 38 3 n 7
,‘? 9 26 14 0 12 7
c 15 37 16 g 13 7

c v rz

A urine from [5 healthy rats

B urine from five rats with acute pyelonephritis caused
by the O3HI strain and with unnary antibodies of
the IgG class to Protes O3 and HI antigens

C urine from ten rats immunized intravesically with the
O3H] strain and with urinary antbodies of the 1sG
class to Proters O3 and Hi antigens

For groups B and C urtnes were obtaned from days 33~
36 after initration of the infection or the immunization
The anttbody levels of the urine pools were determined
with the ELISA and are shown in Table 2

Infection Procedures

1 Hematogenous mfection. Live Proteus Q3HI bacte-
r1a (0.4 ml of 109bact/mi) were injected intracardially
followed by kidney massage as described by Sanford ¢f
al (29).

il. Aseending infection Live Proteus bactena (0 5ml
of 10%bact/mi) were 1njected 1nto the bladder via the
urethra using a blunt needle In the case of passive
intravesical immuntzation, 0 25 mi of the urine pools A.
B or C was injected yust before 1nfection with 0.25 m) of
live bacteria (2 x 10%bact/mt)



At least part of this latter protective effect of urine
could be eliminated by absorption with E. coli K
antigen. L
Investigations concerning the role of immunity in
Proteus infections have shown that serum antibo-
dies to Proteus can protect against hematogenously
or intrarenally induced infections (28, 29). Protec-
tve effects of immunization have also been reported
against ascending Proteus hritis. McLaugh-

The present study obviously illustrates dlﬂ'er_en-
ces between E. coli and Proteus infections regarding
the host-parasite relationship. Apart from the
antigens mentioned above, other mechanisms such
as the urease production of Profeus can explain these
dissimilarities. This enzyme, absent in E. cof, splits
urea into ammonia and carbon dioxide, causing a
rise of the urinary pH. The urine becomes

d with i

fin & Domingue have suggested that antibodies to
the common enterobacterial antigen might be of
1mportance (26), but this has not been verified.
Previous hematogenous infection seems to prevent
ascending Proteus UTI in rats when the same strain
15 used for challenge (11). In that study intraperito-
neal immunization of boiled Proteus bacteria as well
as intravenous transfer of hyperimmune sera
ieemed 10 have a protective effect.

In our studies active local immunization or
nssne transfer of unines with wE coli

phosp-
hate and calcium phosphate. As a result, repal
stones are formed (9) The rise of pH leads to
necrosis of the renal tubular epithelium and also
favours an intracellular tocalization of the infection
to the tubular epithelium (2). Urinary leucocytes are
considered to be lysed, probably due to the high
urinary pH, in experimental Froteus UTI in rabbits
@)

-Studies of experimental pyelonephritis caused by
Proteus in mice and rats have demonstrated that

J6KI3H1 bactena protected 2gainst ascending
J6K13H1 pyelonephrits {16). Similar experiments
with Profeus O3H] showed no protective effect.
One explanation may be the fact that Proreus have
oo recognizable K anuigen which is regarded as an
important virulence factor for E. coli (13, 15, 31).
These antbodies to £ coli K antigens are efficiently
protective 1n expenimental infections (14,16, 17).
Furthermore, the urnes used 1 the E. colt
experiments contained IgG and IgA antibodies (16),
1n contrast to the Proteus expeniments, where only
antibodies of the 1gG immunoglobulin class could
e demonstrated

In tus study actne but not

reduce the ability of the bacteria to
cause renal damage (1, 25, 27). Furthermore,
alkalinty may influence the biological effect of
antibodies present in the unne of the infected
animals The experiments carried out in the present
investigation support this theory since absorption of
antibodies was less complete at higher pH. A
issoci of antig tibody at alka-
line pH has earlier been described for benzenearso-
nic acid hapten and its corresponding antibody (7)

In conclusion Profeus seems to have other
virulence mechanisms than £ coli which are
relevant for the capacity 1o cause UTL Such

jon may be of- fi when

Ppassive transfer of anubodes. protected agamst
Proteus O3H1 This
might be explaned by an addmve effect of
anubodies to the O3, the H1 and possibly also to
other antigens The lack of protecuve effect of
antibodies to only one antigen might be due to
Wifferences 1n the amounts and possibly avidiues of
anubodies available for protection Other defence
mechanisms such as cell-mediated immunity may
also be of importance
Immobilizing antibodies. considered to be direc-
ted aganst Proreus flagelfar antigens, have been
aurbuted a role 1 resistance agamst UT] 1n rats
128) In the present as well as 10 other studies by us,
2o protecuve effect of H antibodies has been shown
i experimental UTI caused by Proteus and E colfi
16,17 1n the Proteus expeniments. however, only
urine antibodies of the IgG class were detected, A
possidle role of pili in experimental Proteus
Pyelonephntis has been suggested, but so far no
studies on protectine immunwaon using pilt have
been ceported (300

tic 2gainst UTT is considered.

‘The excellent techmeal assistance of Lena Befjer, Gumor
Jefferth. Kerstn Larsson, Ingrid Suthertand and Marie
Suensson 15 gratefully acknowledged

This work was supported by grants from the £llen,
Walter and Lennart Hesselman Foundation for Scientific
Research. the Swedish Medical Research Council (proyect

No 215). aud the Faculty of Medicine, Unisersi
Gteborg. Goteborg, Sweden ety of

REFERENCES

| Aronson, M, Medalia, 0 & Griffel. B Prevention of
ascending pyelonephnus 1n mice by urease inhubi-

tors Nephron 12, 94-104, 1974,

Braude, A 1. Sieminshi, J & Shq,

3 1ptro, A. P, The
role of bacterial wrease 1 the pathogenesss of
(pg;le;kphnus. 1. Qunn, £ L. & Kass, E H.

s ) Biology of Pyelonephrius, ) n
1960, 7 65031, 0] . Churctult, London
Brooks, S I D, Lyons,
Immunizauon agarnst retr,

ograde pyelonephrius i1
Prevention of rewrograde Excherichia colf Ppyeloneph-

~

bl

J M & Braude, 4. |,



TABLE 5. Serum Antibodies against Proteus O3 Anti, ini
] igen Remaining after Absorption with the same Number
Formaitn-killed 0311 Bacteria at Different pH. The Antibody Values Determined with ELISA were Exprm':: Inrp:,{
Cent of the Values Obiained for the Corresponding Untreated Serum

Rat mo 1gG antibodies igA antibodies 1gM antbodies

pH 7.2 8.2 9.2 7.2 8.2 9.2 7.2 8.2 92
1 73 68 78 45 85 69 35 36

9%
2 33 42 63 43 54 78 35 Jo (1}
3 40 45 72 67 77 93 2] 3 55
4 80 94 s 57 44 93 21 20 47
N 39 52 65 49 84 63 5 17 4
Mean 53 &0 9 s2 69 9 25 3 3
RESULTS effect on ascending O10H3 pyleonephritis. Ten or

Protective Effect of Active Immunization on Hemato-
genous Pyelonephritis Caused by Proteus O3H{

After intraperitoneal immunization with forma-
lin-killed Proteus O3H1 a protective effect was
shown against hematogenous challenge with the
homologous strain {(p<<0.01) (Table 3). Previous
experimental pyelonephritis caused by O3H1 bacte-
ria also showed a protective effect when the rats
were challenged with the same strain (p<<0.01). No
protection against O3H1 bacteria could be demon-
strated after immunization with formalin-killed
O3H2 or O6H1 bacteria.

with

Protective Effect of Fassive Immunization
H ion Cau~

wmore animals were used in each group — altogether
about 200 rats.

Protective Effect of Passive Immunization with
Urinary Antibodies Against Ascending Pyelonephritis
Caused by Proteus O3H1

Antibodies to Proteus O3 and H1 antigens of the
1gG immunoglobulin class could be demonstrated
in urine obtained from rats with acute pyelonephri-
tis (Table 2, pool B) or intravesically immunized
rats (pool €). Intravesical inyection of twenty 12t
with either of the urine pools B or C, however, gai¢
no significant protection against ascending pyelo-
nephritis,

Fufl

Serum Antibodies on
sed by Proteus O3H1
Intravenous or intracardiac injection of hyperim-
mune rat sera contamning antibodies to Profeus
O3HI as shown in Table 1, protected against
hematogenously imduced infection {p<0.05) (Table
4) even if many rats acquired pyelonephritis. These
Typerimmane sera contained abaut the same levels
of antibodies to the O3 and HI antigens as sera
from the rats imtraperitoneally 1mmunized with
O3H] bacteria (Table 1) which protected from the
hematogenons pyelonephritis described above.

Protective Effect of Active Immunization on Ascen-

ding Infection Caused by Proteus O3H{

eritoneal or intravesical immunization

Intra muni
with O‘;Hl, O3H! or O10H3 bacteria did not
protect against ascending infection With the homolo-

did intraperitoneal or intravesi-
ith the heterologous strains
3 protect against challexyge
Intravesical immunization
had no protective

gous strain. Neither
cal immunization W)
O1H1, 03H2 or OI0H:
with the O3H1 strain. ;
with O10H4 or O28H3 strains

218

of pH on Absorption of Antibodies with
Formalin-killed Proteus O3H1 Bacteria .
Absorption of antibodies to Profeus O3 antigen in
rat sera with formalin-killed O3HI bacteria was
significantly more efficient at lower pH value when
pHs 7.2, 8 2 and 9.2 were compared, as shown in
Table $ {p<0.05). This effect was sigmificant for 03
antibodies of the 1gG and [gA, but not significant
for antibodies of the IgM immunoglobulin class.

DISCUSSION

Prophylactc immunization against experimenY:?]
urinary tract infections (UTD) caused by E. coli I
animals has shown that O and K antibodies
serum can protect against hematogenous pyelone;_:h-
ritis in rabbits and rats, as well as against ascending
pyelonephritss in rats (3, 4, 11, 14, 16,17, 20, 2'9.
32). Local immunization i the urinary tracts \'{lﬂ‘
formalun-killed £ coli bacteria or intravesical
administration of urine samples containing antibo-
dies agamnst the infecting £. coli Strain can also
mediate protection in the ascending rat mode! (16)-



At Iexst part of this latter protective effect of unne
oxld be eluminated by absorption with E coli K
rigm

the role of i in
froteus infections bave shown that serum antibo-
& 1o Proteus ¢an protect against hematogenously
o intrarenally induced infections (28, 29). Protec-
e effets of immunization have also been reported
st ascending Profeus pyelonephritis. McLaugh-
tr & Domingue have suggested that antibodies to
the common enterobacterial antigen might be of
mporunce (26), but this has not been verified.
Previous bematogenous infection seems 10 prevent
ssiending Proteus UTI in rats when the same strain
sused for challenge (1), In that study intraperito-
el immunization of boiled Proteus bacteria as weil
& imvenous transfer of hypenimmune serd
seemed to have a protective effect.

Tn our stdies active local immuniation of
fassve transfer of urtnes with antibodies to £ coli
OFKI3H] bacteria protected against ascending
OeK13HL itis (16), Sumutar
i Proteus O3H1 showed no protective effect.
One explanation may be the fact that Proteus have
0 recognuzable K antigen whuch 13 regarded as an
wportant virvlence factor for E. eoli (13. 15, 31
These antibodues to E. colr K antigens are

‘The present study obviously iltustrates djlrer;n-
ces between E. coli and Proteus infections regarding
the host-parasite relationship. Apart from
antig ioned above, other i

the
ens such
as the urease production of Proteus can explain these
dissimilarities. This epzyme, absent in E. coli, splits
urea into ammonia and carbon dioxide, causing a
fise of the urinary pi. The urine becomes
o d with i phosp-
hate and calcium phosphate. As a result, renal
stones are formed (9). The rise of pH Jeads to
necrosis of the renal tubular epithelium and also
favours an intraceliutar localization of the infection
1o the tubular epithetium (2). Urinary leucocytes are
considered to be lysed, probably due to the high
unnary pH, in experimental Proteus UTI in rabbits
®).
Studes of experimental pyelonephritis caused by
Proteus 1 muce and rats have demonstrated that
urease-inhibitors reduce the ability of the bacteria to
cause renal damage (1, 25, 27). Furthermore,
alkatmty may nfluence the biological effect of
antibodies present in the urine of the infected
ammals. The expeniments carried out in the present
investigation support this theory since absorption of
antibodies was less complete at higher pH. A

Irotecive 1n experimental tnfections (14,16, in
Furbermore, the urines used mn the £ colt
eperiments contaned 1gG and IgA antibodies {16),
1 contrast to the Profeus expenments, where only
actibodies of the 1gG immunogiobulin class could
b demonstrated

Io ths study actve immungzation, but not
jassne transfer of antbodies, protected agamst
bematogenous Protens O3H1 pyelonephntis. This
weht be expluned by an addtwe effect of
wtibodies to the O3, the H1 and possibly also to
aber antgens The lack of protectve effect of
stibodies 10 only one anugen might be due o
Afferences in the amounts and possibly avidities of
abodies avalable for protecion Other defence
techanisms such as cell-mediated immunity may
also be of importance.

Immobilizing antibodies, considered 1o be durec-
13 agunst Proreus flagellar anugens, have been
atributed a role 1n resistance agamst UTI i rats
{28). 1n the present as well as in other studies by us,
™ protective effect of H antibodies has been shown
10 experimental UTL caused by Profeus and £ colt
(16,17) In the Proteus expenments. however, only
unne antibodies of the 18G class were detected A
tossible role of pih 1n expenmental Proteus
Fyclonephriss has been suggested, but so far no
::Sm on protectn ¢ immunzation using pilt have

of antig tibod at alka-
1tae pH has earhier been described for benzenearso-
nic acid hapten and its corresponding antibody (7).
In conclusion Profeus seems to have other
virulence mechanisms than E. colt which are
relevant for the capacity to cause UTIL Such
information may be of significance w hen prophylac-
tic tmmunization agamnst UTL is considered.
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URAEMIC TOXINS OF HIGH MOLECULAR WEIGHT
INHIBITING HUMAN MONONUCLEAR PHAGOCYTES
CULTURED IN VITRO

S JORSTAD and S. KVERNES

Jorstad, S & Kvernes, S. Uraemic toxins of high molecular weight infubiting human mononuclear
phagocytes cultured in vitro Acta path microbiol scand Sect. C, 86- 221-226, 1978.

Uraemic plasma and normal serum were separated mnto fractions of different molecular sizes by means
of molecular filtration through Pellicon filters and hquid chromatography on Sephadex G-15. The
amount of substance was considerably hugher 1 uraemic {ractions than in comparable normal fractions.
When normal human mononuclear phagocytes were cultured in the presence of the uraemic fraction
containing the largest molecules, detachment of phagocytes from the glass coverships was significantly
mcreased The digestion capacity of the remamung cells was decreased The results indicate that
substances in uraemic plasma fesponsible for the impaired function of human mononuclear phagacytes

cultured in vitro consist of molecules of a molecular weight higher than 10 000

Key words Uraemua, molecular weight; toxicity, mononuclear phagocytes, in vuro.

Storker Jorswad, University of Trondheim, Departent of Medicine, Sections for Nephrology and

Haematology, N-7000 Trondhewn, Norway
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Since the publicauon of the middle molecule
Bypothesis 1n 1972 (1), chnical investigauions of
oxic serum substances 1 uraemia have been
Concentrated on the molecular weight (mwt) range
from 500 to 5000 Jn vitro studies showed that
fraciions 1n the middle molecule range inhibited
glucose utlizauon i rat diaphragm. bram and
kidney cortex shces, as well as i human erythrocy-
tes (5), caused a dimemished granulocyte 1odinaton

MATERIALS AND METHODS

Blood Samples

Uraemic plasma was obtamed from non-fasting
patents with serum creatmine hugher than 900 nmol/l
Some patients were on dietary treatment, others were
treated » ith baemodialysis and from thes only predualy-
sis plasma was used, Hepanin (Nyegaard & Co. A/S,
Norway) was added 10 the samples in 3 concentration of
005 mg per ml The blood cells were spun down and the
plasma stored in deep frozen swte, if not used

Qpaaty (8} and the synthe-
$5{6} An inhibstory effect of lymphocyte transfor-
mauon has also been reported (2. 9) In the search
for toxic molecules. 1 important to have a
standardized test model Using human mononuclear
phagocytes. we were able 10 show that plasma from
urzemic patents exerted significant mhibitory ef-
fects on the funcuon of macrophages cultured in
sitro (7} The purpose of the present work was 10
myesugate the effect on the macrophages caused by
substances 1 different molecular ranges obtained
from uraermic plasma.

- Pooled A-serum from healthy adults also
with 005 mg heparin per m added, was used as control

Separation of Uraemuc Plasma and Normal Serq
Molecular fitiration Uraemuc plasma and normal
serum Were filtered through a 47 mm strred cell system
(Millipore, USA} connected with a pressure tank
containing 999 per cent pure nitrogen With an
operating pressure of 3 0 kg/cm?, approumately 10 m}
of plasma/serum was filtered in 4 hours. Petlicon filt
(\hll:)ore. USA) with differens i
weight imits {nmw)) were w
PTGC (amw! 10 000) and TSEPSA(E;:T‘ZIS 1000000))
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Fig | Effect on phagocytosts of radiotabelled Candida
albicans by human mononuclear phagocytes cultured
from the 4th (o the 8th day 1 different permeates
abuuned by (lcauox of uraemue plasea  through
Petlicon filters (PSAC, PTGC. PSED) Toul radioact-
wity refiects cell detachmem dunng e culiure pencd
from the 4th to the 8th day. sediment the undigested
Candida parucles in cells detached dunng the test pertod
from the 8th to the 9th day, and medsum the digesuon
capacity of the phagocytes sull attached on the 8th day of
ulture The values are the means = SE M of the
resuls from 18 experimepts with plasma from 11
patents, expressed as  perceniages of comuols
{oorresponding permeates obtained from normal serum)
Tach expenment was performed in tnphicate culture
dishes The range of the contols was 29-83 x 102ct/
mun radioactiv ity per culture dish

Fig 2 shows a typical chromatogram of normal
PSED {nmwi 25 000) filtered serum, and Fig 32
corresponding  chromatogram of PSED  filtered
vracmme plasma The reference substances rbonuc-
kase -A, NAD® and creatiine were eluted by the
solumes of 58 ml. 88 ml and 140 ml, respectively

Tahle Ushaws the dferens, peak, aseas determae
ocd a5 cm? per 10 mi filtered uraemc plasma and
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Fig 2 A typical chromatogram of normal serum with
three reference substances, Ribonuclease -A mwt
13 500, NAD + mw1 663 5 and creatinine mwt 113 For
speaificauon, see tedt

normal serum, and the distribution of the substan-
ces in different molecular ranges within uraemic
plasma and normal serum. It should be noted that
even though peak A itself represents a larger area in
ura¢muc plasma than in normal serum, it accounts
for only 109 % 20 per cent of the absorhing
substances in uraemic plasma and for 15.8 = 2.9
per cent n normal sefum

Fig 4 shows the results when different fracuons
obtained from PSED (amwl 25 000) filtered urae-
mic plasma on Sephadex G-15 were used as culture
media. The results are expressed as percentage of
controls, which are the corresponding fracuon
Glrered from normiad serom. Molerules in fraction
A decreased the total radicactivity t0 46.2 = 7.6 (p
< 001) and the radicactivity in the sediment to
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Fig 3 A ypeal chromatogram of uraemuc serum with
three reference substances, Ribonucleose -A mw
V3 5%, NAD * mwt 663.5 and creatimune mwt113. For

_Specificauon, see text



Gentamicin 40 pg per ml was added to the permeate.
Permeates with 25 per cent normal serum were used as
culture medium. Plasma from 11 different patients were
used in 18 experiments.

Gelfiliration
Normal serum and uraemic plasma filtered through
Pellicon filters with nmwl 25 000 were subjected to
gelfiltration. The chromatography was carried out on a
45 x 2.5 cm column (Jobling 108003/ 130) packed up
to 36.0 cm with Sephadex G-15 (Pharmacia, Sweden).
After equilibration of the column with 0.01 M Tris-HC|
buffer, pH 7.15, 10 m! of filtered uraemic plasma of
normal serum was applied to the top of the column. The
column was eluted with 0.01 M Tris-HC1 bulfer ph
7.15, using a peristaltic pump (LKB, 12 000 Varioper-
pex) and 2 outflow rate of approximately 1.4 ml/min.
The absorption was measured at 254 nm, using Biorad
1300 u.v. detector and an Omm Scribers recorder
(Houston Instruments, USA) operating at a constant
speed of 10 cm per hour. The fractions (A-F) were
collected manually at eluation volumes as shown in Fig.
2 and Fig, 3. Each fraction was evaporated in vacuum at
37°C to a volume of about 5 ml. In order to get the same
concentration of the substances as in the start volume of
10 ml, the fractions were diluted according to the
formula: evaporated fraction (ml) + sterilized water (ml)
+ 2.5 ml normal serum = 10 ml. The molality was
adjusted to 280 mosm/] with 10 per cent NaCl and pH
to 7.4 with 1 M NaOH or | M HCl. Each fraction from
uraemic plasma was used as culture medium with the
corresponding fraction from normal serum as control,
both with 25 per cent normal serum. Plasma from seven
different patients were used in 14 experiments Three
e were used: R, -A, mwi
13 500 (S1gma No R4875), NAD®, mwt 663.5, (Sigma
No 7004} and creatiine, mwe |13 (Fluka AG, Buchs
SG No 168033-24) The peak areas were determined
1cally on the ¢l and as
cm?2 per 10 ml plasma/serum

Cell Culture

The methods for culturing human mononuclear
monocytes and for tesung the phagocytosis of heat-killed
radiotabetled Candida albcans have been reported
detail pr y (10, 1) yies were
from venous blood obtained from healthy donors, as
described by Boyum (4) After washing, the mononuclear
cells were suspended 1n the medium REMI 1640 (Gibeo,
Scotfand) supplemented with 25 per cent pooled human
A-serum (complete medism)} 1n concentration of 4 x
106 cells per ml. The solution was dispensed 1n volumes
of 03 ml on glass covershps {Leighton type 10 x 22
mm) in petri dishes (Costar 3506, l_JSA) (I_\NO coverships
1n each petri dish). Afer an mcubation period of 90 mm,
the medivm containing non-adherent cells (lymphocytes)
was removed and 1.0 ml of fresh cqmple(: medium was
added 1o each culture dish. The medium was changed on
the first and the fourth day of culture Prepar:c;? fradcuoni
were used as culture media from the 4th to the lhma);z:)h
culture. At the end of the incubation period on the

day, the media were removed and each petri dish wag
incubated for 15 min with 1.0 m} complete medium
containing 2 x 106 radiolabetled Candida cells per m
The coverslips were then washed six umes in complets
mediim and placed in new petri dishes, after which frech
complete medium was added. The cultures were
harvested after 24 hours. The medium was centrifuged at
2000G for 10 minutes and the radwactivity on each
coverslip, in the medium and in the sediment was
registered, using a Wallac GM gamma radiauon counter
{Finland)

Total radioactivity means the sum of radioactivities
registered on the covershps, in the sediment and in the
cell-free medium in each culture dish Compared 1o the
controls, the total radioactivity reflects cell detachment
when the cells were under influence of uraemic plasma
fractions from the 4th to the 8th day of culture The
radioactivity found in the sediment reflects the amountof
undigested Candida particles in macrophages detached
during the test period from the 8th to the 9th day of
culture. After phagocytosis, the macrophages extrude the
debri of digested Candida particles to the cell-free
medium, and the radicactivity found here reflects the
digestion capacity of the macrophages stil} attached on
the 8th day.

Statistics

Each experiment was performed in triplicate culture
dishes. The results are given as the mean * standard
error of the mean (S E.M.). P-values were calculated
using the Wilcoxon test for paired differences

RESULTS
Fig. | shows the effect on human mononuclc-’}
cultured in from uraemi

plasma filtered through Pellicon fifiers w ith diffe
rent nmwl. The results are expressed as percentag
of controls which are the corresponding permeale
achieved from normal sera. With molecules up
namwl of 1000, the total radjoactivity was decreasct
t0 77.9 = 8.9 (p < 0.01), the radioactivity in the
sediment increased to 112.4 = 14 3 (n.s.} and the
radioactivity in the cell-free medium decreased 10
995 = 2.8 per cent (ns.) With molecules up 10
nmwl of 10 000, the total radicacuvity was reduced
to 74.6 £ 58 (p < 00I), the radioactivity 1n the
sediment mcreased to 118.3 = 10.4 {n.s.) and th¢
radioactivity in the cell-free medium decreased 10
97.3 * 32 per cent{ns).

Using molecules up to nmwl of 25 000 1n the
culture medium, the total radioactivity was rcfiuctd
0 29.7 + 8 2 (p < 0.01) The radioactivity in the
sediment increased to 222.6 + 32.3(p < 0.01)and
the radioacuvity in the cell-frec medium decreased
10 75.2 + 4.0 per cent of the controls (p < 0.0
The range of the controls was 29-83 x 107 ct/mn
radioactivity per culture dish.



used as culture medium from the 4th to the 8th an
of culture, a sigmficant from

mation. It might be that some substances have toxic
effect on blasti ion and others

was registered during the culture period. The
digestion capacity and detachment of the remaining
cells, however, was not significantly influenced.
Permeates after filtration through PSED filters
(amw! 25 000) used as culture medium depressed
the macrophage function, including both detach-
ment and digestion capacity, almost 10 the same
extent as we found when using unfractionated
uraemuc plasma (7).

1t should be emphasized that Pellicon filters do
not have sharp molecular range cutoff. The
retention by filtration depends on molecular size and
not on mwt. The results obtamed with Pellicon
filiers indicate, however, that molecules in uraemic
serum responsible for the impaired phagocyte
function have molecular wesghts which are higher
than 10 000 Even though the detachment from the
4th to the Bth day was significantly increased when
uswg PSAC (nmw! 1000) and PTGC (nmwl
25 000) permeates, the detachment was much more
pronounced with PSED (nmw1 25 000) permeates.
As the digestion capacity only was reduced by
serum fractions with molecular weights highes than
10000, 1t might be that one substance 1§ responsible
for cell detachment 2nd another larger substance is
responsible for depressing digestion capacity.

The fact that NAD® appeared with an elution
volume of 88 ml on the Sephadex G-15 filtration
reflects that peak. A may contatn motecules from the
middle molecular range up 1o the cut-off of the
PSED tamw1 25 000) filter.

Only peak A caused an witabitory effect on the
macrophage function, roughly to the same extent as
found when using PSED (nmw] 25 000) permeates
s culture medum  Substances i peaks containing
smaller molecules (B-F) exerted no depressive effect
No exact data can be given about the molecular sizes
of the substances in peak A. but when the results
from the Pellicon filtration afe compared with those
of the Sephadex G-15 filtraton, it seerns reasonable
1hal the toxic substance or substanges 1 peak A
have a mw1 which s higher than the »middle
moleculara range (500-5000)

A of does not
mean that they exert a toxi¢ effect The amount of
substances 15 larger 11 every uraemic peak than in
the normal ones As the UV-absorblion may vary
from one substance 10 another, the different peak
areas give 0o quanttatne nformation about the
concentrauon of unknown substances within the
same chromatogram Our findings do not conflict
»ith those of Bergstrom et af (3) who found that a
middle molecule fraction {peak 7o) exerted an
whibitory effect on i vitro lymphoblastic transfor-

on human monecnuclear phagocytes cultured in
itro.

’ The search for urzemic toxins is difficult because
we are dealing With substances of waknown
molecular size and of unknown concentration and
intracorporeal distnbution. Moreover, it is even
more problematic whether substances of dxﬂ‘er!:m
molecular weights act synergistically in producing
uraemic toxicity. Our results indicate, however, that
the toxins which exert a depressive effect on human
mononuclear phagocytes cultured in vitro have a
larger mw1 than the »middle molecule« range.
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TABLE ). Peak dreas (cm2/ 10 m! Normat Serum and Uraemic Plasma) of Fracti i
ction A-F, and each Fraction Expressed
as Percentage of the Total Area Corresponding to the UV Absorbing Material Eluted from Sephadex G-IS-S::;::W
Uraemic Plasma (314.2+ 17.6 cm?) and Normal Serum (94.1 = 11.6 em?)

Fraction A B [ D £ F
Area Area Ara Area " A Ara
cm? % cm? % m % cm? % em? % em %
Uraemic 332252 109220 54050 175216 13032150 405£32 282228 9010 68419 23204 618260 19921

Normal 167243 158229 91222 §88:14 NTx 17 127419 65205 79212 10202 11202 49061 51623

The values given are the means + S.E.M. of the results from separation of 14 uraemic plasma and 9 normal sera

162.8 = 20.3 (p < 0.01). The radioactivity in the
cell-free medium decreased to 74.0 + 3.7 per cent
(p << 0.01). The range of the controls was 25-59 x
102 ct/min radioactivity per culture dish. The other
fractions (B-F} did not alter the macrophage
function.

DISCUSSION

Plasma from uraemic patients has been shown to
exert a depressive effect on the macrophage function
(7). This investigation was carried out in order to

lsoctiviry

*f ranteof
0

see whether this effect could be related to a certain
molecufar range in uraemic pfasma. Two different

i for molecul: jon were used
molecular filtration with Pellicon filters and gel
filtration on Sephadex G-15.

In order to give the cell cultures adequate growth
conditions, all fractions {normal and uraemic) were
supplemented with 25 per cent normal serum It
has been shown previously that it is immaterial
whether plasma or serum is used as culture meditn
(7). When uraemic plasma filtered through PSAC
(nmw] 1000} and PTGC (nmw! [0 000} filters was

[
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ffect on phagocytosis of radiolabel
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s e 8th day in different uraemic p

4th to th
ioactivity reflects cell
Candida particles in cells
acity of the phagocytes !
?rl:m ?'4 experiments Wwith .PSED fi @
(corresponding fractions obtained fmmlno
The range of the controls was 25-59 x

detached during the test period

31
ill attached on the 8th day of culture, The values are the means
il ttered plasma from seven patients, expressed as percentage of controls
1 serum). Each experiment was performed in triphcate culture dishes

02 ct/min radioactivity per cufture dish.

led Candida albicans by human mononuclear phagocytes cuhum} fromthe
lasma fractions (peaks A-F) obtained by Sephadex G-15 filtration Total
during the culture period from the 4th to the 8th day, sediment undlgﬁ'wd
from the 8th to the 9th day, and medium the digestion

E.M. of the results
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THE REACTIVITY OF HUMAN PLATELETS IN THE
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ave been employed 1n the testng of vanous antplatelet 2ntibodies and platelet
i::?:mglaﬁ::m:l complexes 1Phe antsera included sera containing ABO-, HLA- or platel(u speclllﬁc
{Z») anubodies and serum from an adult patient with idiopathic throm!_aocympemc purpura (ITP} Use
was made of 125]-labelled staphylococcal protemn A (IPA) for the dcwcuon_o!‘ platetet bound 1gG The
reactivity of cells with the ITP serum and sera from healthy blood donors increased after storage for a
few days. and declined after 2 highly reacuve peniod extending over some weeks In some cases
prediluuon of the serum mereased the probabiity of discovenng weak antibodies The normal
components of the serum modified the platelet-antibody reacuion, but alf the vanous kinds of platelet
reactive activies could be detected by this single test,
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Stored platelets are used tn some of the methods
employed for the detection of specific antibodies
reacthve with platelets Complement-fixmg HLA-
antibodies have been tested by means of the platelet
complement fixauon test (3, 23) In the platelet
ndirect  radioactive Coombs (PIRC) test (22),
platelets stored n azide solution for one year could
be used, bur that test 1s applicable for spectal
purposes only Metabolically-inactive platelets have
been employed by Dixon er al (5) for the
measurement of platelet-bound 1gG 1n a quanutatne
complement lysis-inhibition assay. However, this
165t was described as being too complex for routine
tesung, munly because of the high demands
imposed on immunological reactants (5) Recently,
A rdiommune antiglobulin test with platelets has
been introduced (PRAT. 17) This has been used for
the detecuon of both drug-assocuated and HLA-
antibodies {18) For reasons not clearly understood,
dufferent tests adapt well for the detection of Iimuted
speaficities of antiplatelet anubodies onfy

The aim of this study is to characterize the
wnteraction of stored human platelets and various
antibodies by a single test. the platelet-125]-labelled
protein A (PIPA) test (12). A rabbit immune
complex serum, characterized previously in the
platelet aggregation sedimentation pattern test (13),
and human gammaglobulin polymers were used as
additional references.

MATERIALS AND METHODS

Separation and Presersation of Platelets

Human venous blood from healthy volunteers of
blood group O (or A, if indicated) was collected in blood
bags (Code No FPR 0512, Traverol Laboratones S A .
Castlebar, Country Mayo, Ireland, citrate-phosphate-
dextrose (CPD) anucoagutan)

From 40 10 60 bufy coats were harves:
volume of acid citrate-dextrose-NaCy (ACD-NaQl, 15
/) anucosguiant. The plateles were then separated by
differential centnfugation. The cells were washed four
umes 10 EDTA-Tris-sahine (9 009 M ethylene diamunete.
tra-acetate (EDTA), 0 067 M Trs-hydroxymethylamino-

ted in an equal
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predilution of the serum increased the probability of discovering weak anubodies. The normal
compornents of the serum modified the platelet-antibody reaction, but all the varous kinds of platelet
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Stored platelets are used n some of the methods
employed for the detection of specific antibodies.
reactive with platelets Complement-fixing HLA-
anubodies have been tested by means of the platelet
complement fixation test (3, 23) In the platelet
wndirect radioactive Coombs (PIRC) test (22),
platelets stored m azide solution for one year could
be used. but that test 15 apphicable for special
purposes only Metabolically-mactive platelets have
been employed by Dixon er al (5) for the
measurement of platelet-bound IgG 1n a quantitative
complement lysis-inubition assay. However, this
1est was described as bemg oo complex for routne
tesung, mamnly because of the high demands
tmposed on immunological reactants (S). Recently,
a radiosmmune antiglobulin test with platelets has
been ntroduced (PRAT, 17) Thus bas been used for
the detection of both drug-associated and HLA-
antibodies {18). For reasons not clearly understood,
different tests adapt well for the detection of himited
specificittes of antiplatelet antibodies only.

The aim of this study is to characterze the
interaction of stored human platelets and various
antibodies by a smgle test: the platelet-125]-1abelled
protein A (PIPA) test {12) A rabbit immune
complex serum, characterzed previously in the
platelet aggregation sedimentation pattern test {13),
and human gammaglobutin polymers were used as
additional references.

MATERIALS AND METHODS

Separation and Presenation of Plaselets

Human venous blood from healthy volunteers of
blood group O (or A. if 1ndicated) was coltected m blood
bags (Code No FPR 0512, Travenol Laboratories S A,
Castlebar, Country Mayo, Ireland; citrate-phosphate-
dextrose (CPD) antcoagulan).

From 40 to 60 buffy coats were harvested 1n an equa)
vt/)lu)me of acid citrate-dextrose-NaCl (ACD-NaCl, 15,
¥/v) anticoagulant. The platelets were then separated
differenual ceminfugation. The cells were washed fo?z
tunes in EDTA-Tnis-salne (0 009 M cthylene-diaminete-
tra-acete (EDTA), 0 067 M Trss-hydroxymethylamung.
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(1) Aow-HLA-A2 serum provided by Dr. Anja
Tulikainen, FRC Blood Transfusion Service. This had an
antibody titre of 20 2s determuned by the microcytotoxi-
cny test (2) All the sera and HA-IgG were stored in
small aliquots at —20°C.

Measurement of Serum 1gG

Mancms's immunodiffusion techmque (14) was em-
ployed The standard human serum was purchased from
Betimmgwerke, Marburg a/L, W Germany. The rabbit
antrhuman IgG serum from FRC Blood Traasfusion
Service was diluted for the measurement of 12G with a
mumum detection lut of {1 g/l.

Fracuonation of the Sera

(1) lon-exchange chromatography (QAE-Sephadex.
Pharmacia Fine Chemicals, Uppsala, Sweden) was used
for isofauon of the main 1mmunoglobulin G (IgG)
fracton from the serum The remainung fracton.
mmunoglobuln G depleted serum (IgG-dS) (10),
contained o more than traces of I1gG

(2) Alternauvely, precipitation with saturated ammo-
o sulphate at +4°C was employed Fractionation of
the serum was momstored by means of electrophoresis on
cellulose acetate Folin-Crocalteau's techmque was used
for of the protein

(3) Quantiuies of 02 ml of speafic conurol sera,
diluted t0 one half. were run as indicated 1 density
gradientof 5 ml volumes A linear sucrose gradient from
125% 10 37% w/v was apphed Separation was
effected 10 a Spuco SW 50 1 rotor for 18 hours, 30 000
g/minat +4°C Paul-Bunnel positive serum was the 19
S reference marker and rubella posituve serum the 7 S
marker These prepatations were made at the Depart-
ment of Varology, Unuversity of Helsinks

Treatment of Platelets wuth Enzymes

Three mi of platelet suspension was treated with
veuramimdase (from Clostridwm perfringens N 9130,
J0-50 U/mg, Sigma Chemical Corp, §t Louss, MO ,
USA) for 60 nun at 37°C, pH 7 0 The mimumum [inal
acuvity of the enzyme was adyusted to 0 1 or 0 01 U/t x
109 platelets The treatment with trypsin (8213, 130 000
Uiz, Merck AG. Darmstadr, W. Germany) was carried
out at 37°C for 30 min The enzyme acuvity was
adjusted 10 200 or 40 U/l x 109 platelets For
reardation of the reacuons and the removal of traces of
enzymes, the platelets were washed (wice with ten
volumes of cold { + 4°C} CBS

RESULTS

A Normal and Pathologic Sera, Specific Reagents
and Isolated Serum Fractions in the PIPA Test

A I Effect of norma human sera The amount of
direct binding of 1odnated protein A on to washed
platelets vaned only shightly, even when different
batches of platelets were utilized.

Platelets treated with sera from healthy donors
bound more IPA than platelets treated with dilution
buffer alone. The normal variation of this binding
was small, the SD being zpproximately 20 per cent
of the mean (Fig. 1.). In each test setting, one of
these sera was used as negative control. The binding
of IPA was augmented by the dilution of normal
serum from 1:2 to 1:8. There was correlation
between the results obtained with these two serum
dilutions (r = 0.65,n = 11).

The amount of IPA bound by the platelets after
the pretreatment of platelets with hypogammaglob-
ulmaemic serum was within the normal range.

As a rule, duplicates gave results which fell
within a narrow range. The test was repeated if the
results showed a difference of more than 20 per
cent. The reproducibility of the results obtained in
respect of normal sera was high r = 0.64,n =
12). In addition, repeated measurements with
different platelet preparations and different lots of
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methane (Tris, Sigma Chemical Corp., St. Louis, MO.,
USA), 0.1 M saline, pH 7.0, and once with citrate
buffered saline (CBS, 0.006 M citrate, 0.15 M saline, pH
7.2) before final suspension in the same buffer.
Microscopic examination was made to ascertain the
purity of platelet preparations.NaN3 (Merck AG, Darm-
stadt, W, Germany} was added to a final concentration
of 0.01 per cent.

A proportion of each fresh platelet preparation was
fixed with 4 per cent formaldehyde, as described by
Affain et al. (1). After three washings with physiological
phosphate buffered saline (PBS; 0.093 M phosphate 0.15
M saline, pH 7.4), the preparation was treated with an
equal volume of | M aquous ethanolamine (Fluka AG,
Buchs SG, Switzerland) for one hour in order to bind the
remaining aldehyde groups (24). Finally, NaNj was
added as above. The platelets were preserved in small
capped aliquots at + 4°C, These were used at a mean age
of approx. four weeks, i not otherwise stated. Small
samples of some batches were frozen rapidly in a cold
bath at -20°C without cryopreservative and used
immediately after thawing at 37°C.

Radio-iodination of Protein A

Protein A (PA) from Staphylococcus aureus was
purchased from Pharmacia Fine Chemicals, Uppsala,
Sweden and carrier-free Nal2S] from the Radiochemical

for 30 min at ambient temperature was followed by two
washings and resuspension in 150 i CBS. Finally,
samples of 100 pl were transferred to counting vials The
Tesulls are expressed as the percentage of the total 129
added which was bound by the platelets {bound/total)
All assays were carried out in duplicate.

Sera and Reagents Used to Characterize the PIPA test

In each test setting, the following three controls were
included.

(1) platelets incubated with CBS instead of serum
(platelet control);

(2) a normal serum, selected for representation of the
mean value of 14 sera obtained from healthy blood
donors (normal serum control);

(3) one controt serum obtained from an adult patient
with a clinical di is of idi i peni
purpura {ITP). This serum had been tested for the
presence of immune complexes by the platelet aggrega-
tion sedimentation pattern test (19) with negative result
The undiluted serum or serum diltuted 1:2 reacted weakly
in a microcytotoxicity test {2) with anti-HLA-B 1§
related specificity.

The same serum displayed a weak but specific binding
of IPA in dilution 1:8 which excceded the random
variance of the binding induced by norma) sera (Fig 1)
The ability of the test to distinguish between this positive
the normal serum was taken as the

serum and

Centre Ltd., A England. The i of PA
was effected by the chloramine-T method (9), as
modified by Dorval et al. (6). An amount of 20 ul of the
preparation contained approximately 4 x 105 cpm, and
the specific activity of the iodinated PA (IPA) was
approximately 10 pCi/pg IPA was stored at —20°C and
used within six weeks.

Test System

The platelets were suspended 1n a solution of low
ionic strength (LIS), (15), with 2 conductance of 3.7
mmho at 37°C, and an osmolality of approx 305
mosm/kg) The suspension contaned 1 x 106 plate-
lets/ l, as calculated in a Coulter Counter model Fn. The
aperture diameter was 70 pm Varying threshold values
were also employed for esumation of the relative aumber
of platelet aggregates 1n test suspension

Varnious dilutions of the sera were tested, the most
commonly used bemng 1 8. To 0.1 m! of serum dilution
was added an equal volume of platelets, and incubation
was carried out for one hour at an ambient temperature.
After two washings with one ml of CBS, 20 pl of IPA
was added. The incubation time was half-an-hour at
ambient temperature. The platelets were then washed
twice with CBS and resuspended in one mi of the same
buffer. A sample of 0.9 ml was transferred 10 a counting
vial and counted for 30°s o .

The test could also be made on microtitre plale§ with
96 U-bottom wells of 250 ul {Meda, Helsinki) Ar
quantity of 15 plof cell suspension was add;d t020 plo
sertal serum dilutions. The mixtures were incubated for
60 mun at an ambient temperature. qu washings wezrs
made, with aliquots of 150 p! CBS per microwell, abﬂd‘
ul of 1PA diluted 1:4 was added to each well. Incubation
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ability of the test. The titre of the serum is
expressed as the highest dilution of the serum which
exdeeds the IPA-binding induced by normal serum at llfe
particular dilution in which its maximal binding is
displayed.

The following other specific reagents were included 25
indicated:

(1) One normal rabbit serum,

(2) Rabbit serum, known to contain in vivo induced
platelet-unrefated soluble immune complexes (rabbit-10),
was used for identification of the IC-binding sites (Fe-
receptors) on platelets (13),

(3) For the same purpose, purified human gammagIOv
bulin (16%; Finnish Red Cross Blood Transfusion
Service, Helsinki, Finland) was aggregated with h;nl
(63°C for 10 min). Immediately after centrifugation
(3 000 g/30 mun), the soluble polymers (heat-aggregated
IgG. HA-1gG) were separated with acrylamide agarose
gel-filtration (Ultrogel AcA 22, LKB Lud, Industrse
Biotogique Francaise) 1n Tris-HCI buffer {01 M Tris-
HCI, 0 2 M NaCl, 0.05% NaN3), pH 7.6. It was found
that the isolated polymers reacted with platelets in the
platelet aggregation sedimentation pattern test 9), even
at a concentration of 1 pg/y! (unpublished data),

(4) Human jmmune anti-A serum obtained from the
Finmsh Red Cross Blood Transfuston Service. This had
2 specific antibody titre 1n excess of 2500, as determined
by the indirect Coombs agglutination technique employ-
ing red blood cells,

{5) Platelet-specific antiserum C-fixing
anti-Zwa antibodies) generousty supplied by Professor A
Svejgaard, Tissue Typing Laboratory. Rigshosputalet,
Copenhagen, Denmark;




® serum: 186G it
tion. < 18/l

() Ant-HLA-A2 serum provided by Dr. Anja
Tulkainen, FRC Blood Transfusion Service. This had an
anubody titre of 20 as determned by the microcytotoxi-
aty test () All the sera 2nd HA-IgG were stored in
small aliquots at =20°C.

Measurement of Serum IgG

Mancin's immunodiffusion technique (14) was em-
ployed The standard human serum was purchased from
Behningwerke, Marburg a/L, W Germany. The rabbit
ast-human 1gG serum from FRC Blood i

Platelets treated with sera from healthy donors
pound more IPA than platelets treated with dilution
buffer alone. The normal variation of this binding
‘was small, the SD being approximately 20 per cent
of the mean (Fig. 1.). In each test setting, one of
these sera was used as negative control. The binding
of IPA was augmented by the dilution of normal
serum from 1:2 to 1:8. There was correlation
between the results obtained with these two serum

dilutions {r = 0.65, 8 = L1).
“The 2mount of IPA bound by the platelets after
the of platelets with

Service was diluted for the measurement of 1gG with 2
mummum detecuon bmat of | g/l

Fracuonation of the Sera

(1} lon-exchange chromatography (QAE-Sephadex,
‘Pharmacia Fine Chemicals, Uppsala, Sweden) was used
for wolaton of the main rmmunoglobuhn G (IzG)
fracuon from the serum The remamung fraction,
immunoglobulin G depleted serum  (1gG-45) (10),
contained 76 more than traces of IgG.

(2) Atternatively, precipitation with saturated ammo-
num sulphate at +4°C was employed Fractonauen of
the serum Was momitored by means of electrophoresis on
cellulose acetate. Folin-Ciocalteau’s technique was used
for measurement of the protem concentrations

(3) Quanuues of 02 ml of speaific control Sera,
dluted 10 one half, were run as indicated i density
gradient of § m volumes A linear sucrose gradient from
125% © 37% w/v was apphed Separation was
effected 12,4 Spinco SW 50 1 rotor for 18 hours, 30 000
g/mnat +4°C Paul-Bunnel positive serum was the 19
S reference marker and rubellz positive serum the 7 S
marker These prepatations were made at the Depart-
went of Virology. Unnversity of Helsinki

Treaiment of Platelets with Enzymes

Three ml of platelet suspension was treated with
neurzmimdase (from Clostridium perfringens, N 9130,
30-50 U/mg, Sigma Chemical Corp . St Lous. MO ,
USA) for 60 mun at 37°C, pH 70 The murimum final
actuvity of the enzyme was adjusted 10 0 1 or 001 U/ x
109 platelers The treatment with trypsin (8213, 130 000
Ulg Merck AG, Darmstadt, W Germany) was carned
out at 37°C for 30 mn The enzyme acuvity was
adpsted 10 200 or 40 U/l x 109 platelets For
retardaton of the reactions and the removal of traces of
ezymes. the platelets were washed twice With ten
volumes of cold ( + 4°C) CBS

RESULTS

A. Normal and Pathologic Sera, Specifi

ot sl Serum Fracons 1 he Pt To
A1 Effect of normal kuman sera The amount of

dll:eﬂ bunding of iodinated protem A on to Washed

Platelets vaned only slightly. even when different

batches of platelets were utilized

ulinaemic serum was within the normal range.

As 2 rule, duplicates gave results which fell
within a narrow range. The test was repeated if the
results showed a difference of more than 20 per
cent. The reproducibility of the results obtained in
respect of normal sera was high (r = 0.64,n =
12). In addition, repeated measurements with
different platelet preparations and different fots of
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platelet-associated activity was seen to move With
the 7 § marker in density-gradient centrifugation.
Minimal antiplatelet activity was located in the 19 S
region (Fig. 4), as measured by the PIPA test.
Different behaviour was observed with rabbit
serum containing in vivo induced platelet unrelated
immune complexes. As regards the fractions of ion-
exchange chromatography, the main activity of
unfractionated serum was in IgG-dS (Table 1). I
density gradient centrifugation, it sedimented as fast
as or faster than the 19 S marker, as reported earlier
imize the bias resulting from the

19G, g/
15 .
L ]
. . . .

10 8 ° .

LN

. *
OLL 1 1 ; (2. To

010 1.5 20 25

B/T,%
Fig. 2. Positive correlation between the IPA-binding in-
duced by normal serum diluted 1:8 and the concentration
of IgG in the undiluted serum (n=13; r = 0.59).

IPA showed that none of the normal sera augmen-
ted TPA binding to the specific binding level
evaluated in every test setting by the weakly positive
serum {ITP).

The amount of IgG attached to the platelets and
the potent of fixing IPA might be a function of the
total amount of serum IgG. When tests were made
with undiluted serum or even serum diluted to one
half, no correlation was detectable between the IgG
concentration of serum and the binding of IPA.
‘When serum diluted 1.8 was examined, there was
correlation (r 0.59, n 13) between [PA
binding and IgG (Fig. 2).

A.2. Effect of pathologic sere and specific reagents.
In some instances, the discriminative ability of the

possible formation of aggregated gammaglobulmn
during the chromatography, normal human or
rabbit sera were carried as simultaneous controls
for the ITP and rabbit IC-sera, respectively. No
more than traces of platelet reactive activity were
observable in the IgG fractions of normal humar o
rabbit sera (Table 1).

B. Role of the Platelets in PIPA Test

B.1. Age of the platelet preparation When the
platelets were tested six hours after blood donation,
they were unable to discriminate between the wezh
specific and non-specific reactions (Table 2). It was
found that even one day's storage augmented the
binding, and storage of from three to four days
resulted in further enhancement of the binding of
IPA by the platelets (Fig. I).

During a period of one to three subsequent weeks
(Fig. 1), the sensitivity of the PIPA test remained
essentially unchanged. The increment in the binding
of IPA coincided with a spontaneous formation of
platelet aggregates Their number increased during
the first 3-4 days of preservation. Subsequently, the
ratio of single cells to aggregates remained al'm(;‘ol

stable, the T ing app!

test was found to be d when seral dil

of serum were tested. In particular, when I[TP-
serum or anti-HLA serum was diluted 14 to0 1.8,
the binding of IPA by the platelets was promoted
At higher the binding i d. More
avid or concentrated antibodies, anti-Zw?, and anu-
A or HA-IgG, gave the most marked reaction when
used undiluted (Fig. 3). The rabbit serum, rich in
IC, reacted in a similar manner The IPA binding
was seen to decline with increasing serum dilutions.
When dilution was plotted against binding, the
slope varied individually for different sera (Fig. 3).

3. Effect of isolated serum Jfractions  Anjon-
AJL [fl’c‘- of oA S Anion-
IgG fracuon

ed for concentration of the
G and [gG-dS were tested

rum, the presumed anti-
rally found in the I5G
dance with this, the

perform:
from the serum. Both Ig
for reactivity. In ITP se
platelet antibody was gene
fraction (Table 1). In accor
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per cent of the total number of particles. A small
decrement in the number of aggregates was
observable after a storage period of several weeks.

An increase was discernible in the non-specific
binding from normal serum durng succeeding
months. Mainly for this reason, the discriminative
ability of the test weakened (Fig. 5). The specific
binding ability of cells was not affected by further
storage. The platelets were found to be reactive evert
after storage for ten months.

B.2. ABO-group of plarclers The amount of platelet:
bound IgG from ITP-serum was independent of the
blood group of the platelets (Table 3)

B.3. Reactivity of platelets fived with formaldehyde
Platelets treated with formaldehyde displayed pro-
perties essentially similar to those of platelers stored
in sodium azide afone. However, the direct IPA-
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the ITP serum by density gradient centrifugation. The inset (solid circle) gives the IPA-binding
indicated. The fractions {open circle) were tested as 1:2 dilutions.



it 'Human and Rabbit Sera Fractionated by fon-
¥ -binding Actwvity of the IgG and IgG-depleted Fractions of
ABLEL It deityof Exchange Chromatography

Proten concentration

gh

Fype of serum s

. E 41
Normal buman diluted llgé 206 a
1G-S 1us 65

dluted 1.8 440
(TP pasent 186G 314 26
1G-S 496 158

Ve diluted 1.8 208
Normal rabbut w 20 10
16G4S 87 51

Rabbit-I diuted 1.8 170
e 186 186 1.0
1¢G-dS 12712 65

Platelets 9%

‘Total counts added per test tube approx 8300 cps
TIP, sdiopathic thrombocytopenic purpura

Rabbit-IC, rabbat serum containing 1mmune complexes formed m vivo,

binding of the platelets was increased, with a

diminished discriminative ability as the net result
{Table 3).

B4 Reactirity of platelets stored in  frozen state. The
diserumunanve ability of the test for [TP serum
femained almost unaltered if the platelets were
Stored exther in sodium aznde or in frozen state The
Fe-receptors were preserved in both forms of
Storage The reactavity of the platelets was weakened
1 the cells were frozen and thawed three times.

8BS Reactsity of plateters treated with enpmes The
mumber of single cells in test suspension was
dinminished after treatment with any of the enzymes

TABLE 2 Non-reactosuy of a Fresh Platelet Preparation
Type of Dilyuon Age of
srum of serum Platelet preparation
<lday 16 days
. ps s
Normalbuman  undituted 51 43
dilued 1 3 3 176
TP patient undifuted 63 -
dilyted 1 § 0 4
Plateters 80 g4l

Toua) counts added Per test tube 2
PProx 7900
TP, opathic thrombocytopenic Purpura i

V)
z/

b _pB

o &

) t —

° 1 1 ]
o 50 100 150

age of platelet Preparation, days

Fig 5 Varavon of the IPA-binding relateq to the age of
six different plateler Preparations 1n one simultapeous.
tesung. Symbols as 1n Fig 1.

In experiments with neur;
ffom normal or
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mediated reactons between unrelated immune
compleses and platelets have been used to h:

discernible for weak specific reactions (12). This

ze the measuring properties of platelets in this test

The reactivity of the platelets in the test, as
characterzed by the reaction of the weakly positive
and pormal sera, showed a constant pattern which
was dependent on the age of cells. The initial hypo-
reactivity of the first few days, exploited by
Siejgaard (23), was followed by a more reactive
penod Tt is known that platelets display ifreversible
shape changes even after 24 hoursat + 4°C(4). Itis
possible that swelling and partial lysis make
accessible antigemc sites and receptors that were
previously unexposed In 1954, Morean & André
suggested that only 2 minor part of the A- or B-
antigen is present on the surface of the platelet, and
that the major part 15 more deeply located (16) In
agreement with this concept, 1n the present series
good binding of anti-A was demonstrable 1
platelets even after months of storage. The period of
high reactivity lasted for several weeks. Finally,
although the change to increased reactivity cownci-
ded with cessation of the spontaneous formation of
platelet aggregates, the aggregation per se could not
explain the alteration in reactivity without simulta-
neous membrane changes in single cells.

Attempts were made to mnduce changes n the
reactvity of platelets by the treatment of fresh cells
with enzymes Treatment with i with

the that, in addition to
IgG, some other factor(s) control the binding of
antibody on to platelets in undiluted serum.

All the specific control sera could be titrated in
the PIPA test, as suggested previously by us (12),
and the results compared quantitatively. To date,
this has been impracticable when using a single
technique. The search for optimal binding condi-
tions of weak antiplatelet antibodies necessitates
extended investigations.
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sera (Table 4b). None of the treatments exerted
more than a minimal effect on the binding of IPA to
platelets induced by rabbit IC-serum.

TABLE 3. IPA-binding of Various Control Sera in
Ditution 1.8 as Studied with Platelets Preserved in Two
Different Ways and of Tuo Different Blood Groups
_—_—

Method of preservation

5 Formaldehyde
Azide treatment
and azide
_—
Blood group Blood group
Type of serum —_—
A o] A o

—_— —

Normal human 1983)  19p 2714 234
anti-A 1102 - 1085 -

TTP patient 407 553 404 380
Piatelets 76 69 254 238

ITP, 1dhopathic thrombocytopeni¢ purpura.
2cps
Total counts added per test tube approx. 7500 cps.

TABLE 4a Effect of Treatment of Plateless (1 x 109

Cells) with Neuraminidase ©1 U or 001 U for 60

Munutes at 37°C, pH 7 0)on IPA~bunding and on Number
of Platelets in Test Suspension

DISCUSSION

Stored washed platelets are adaptable (3, 5,12, 17,
22) to the detection of platelet-associated IgG wity
a view to avoiding the monitoring of the metabo}e
changes in fresh cells (8, 11, 20). The use of stored
platelets has circumvented some additional prob.
lems ed with fresh pr . The dajfy
separation of platelets has been precluded, 2nd g
pooling has been made feasible, the variation
induced by interindividual differences in cells coud
be minimized. Although the possible bias caused by
HLA allotypia cannot be eliminated, the very rare
antigens are presumably diluted by pooling.

As specific marker of platelet-associated IgG,
125[-1abelled staphylococeal protein A was taken,
This is known to react with Fc-parts of all human
IgG subgroups except IgG 3, and to react with rabbit
IgG (6). In this study, the non-reactivity of IPA
with IgG3 is of no more than marginal significance,
as the results obtained with a few known sera were
compared throughout the study.

As it is known that human platelets carry sevetal
types of b antigens and i )
receptors (i.e., ABO-, HLA- and platelet specific
antigens and Fc-receptors), both specific antibody
reactions with platelets and what are termed Fe-

TABLE 4b. Effect of Treatment of Platelets (1 x 109

Cells) with Trypsin (200 U or 40 U for 30 Minuics at

37°C, pH 7.0) on IPA-binding and on Number of Plateles
in Test Suspension

Neuraminidase Trypsm
Type of Dilution of Type of Dilution of
serum theserum 01U 001U control  serum the serum 200U 40U control
68 124
1 human 12 1792 118 96 Normal human 12 2709 2
Horms 18 274 201188 18 286 270 16
518 310
TP patient 12 736 725 294 ITP pavent 12 603
e 18 910 1016 509 18 507 517 490
Rabbit-IC 120 1077 1373 1004  Rabbit-IC 120 828 967 152
Patelets 165 136 130 Patelets 78 " 52
414 309 830
latelets: 514 603 905 Total number of platelets
E‘ﬁé‘:’:}’ :rggorregztes: 246 295 409 Number of aggregates 172 152 228
Jeps be ap, 7700 cps. "lzu?; counts added per test tube approx. 7900 cps
t approx. 3
Toml}c?un’s 'added pc;ot;:o:mic p‘:;pu(a_ ITP, 1diopathic lhmmbocylopcmf vl{l’PUﬂ exes
ITP, idiopathic throm plexes  Rabbit-IC, rabbit serum containing immunt complex:

Rabbit-IC, rabbit serum containing immune com|
formed in vivo.
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IMMUNOCHEMISTRY OF SALMONELLA O-ANTIGENS:

Characterization of the Antibody Response to Tyvelose 153 Mar_mase 1— Bovine Serum
Albumin Rep ive of ila O-Ant 9

HANS ERIK CARLSSON and ALF A LINDBERG

of Natonal Laboratory. $-105 21 Stockholm, Sweden

Carlsson, HE. & Lindberg, A A. y of lla O-anugens Ch of the
antbody response to tyvelose 13 mannose 1~ bovine serum albumun representative of Salmonella O-
antgen 9 Acta path. microbiol scand Sect. C. 86 237-244, 1978

Immunization of rabbits with the synthenc disacchande-protetn conjugate, tyvelose 123 mannose {—
bovine serum albupna (TM-BSA) mn Freund's complete adjuvant, gave mse to anubodies directed
against both the disacchande hapten and the carner proten The hapten anubodies Were specific for O-
antigen 9 of Solmonelfa and were superior m terms of specificity to convenuonal O factor 9 anubodies,
as judged by passive and Tinked assay (ELISA). A

dependent assay that the TM-BSA antibodses had bacterolytic
acuvity also directed against the O-antigen 9 of Safmonella The high speaificity was evident in both the
1gG and 1gM anubody classes In the bactenicadal assay the IgM anubodies were more active than
antbodues of the 1gG class The results suggested that [gG antibodies 1n hypenmmune serum blocked

the complement dependent bactencaidal actvity of IgM anubodies

Key words

O-anugens,

anubody response

A A Lindberg, Department of Bactersology, National Bacteriological Laboratory, S-105 21, Stockholm,

Sweden
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In studies of the immunochemistry of the O-
anugen of Salmonella by Lideruz et al. (1966), it
a5 evident that the presence of dideoxyhexoses in
strogroups A, B and D was of paramount
umportance for the group specificity of these O-
2ntgens The concept tmmunodominant sugar was
also coined  However, attempts 10 use the dideoxy-
$Ugar alone as haptemic group linked to an
mmunogenic carner protem for production of
antibactenal antibodies 1 rabbits failed (Staub ef af
1966) The work of Arakatsu &t al. (1966), where
Yanous maltose oligomers were used as haptens,
demonstrated that a structare greater than a
::‘rmml n-glucopyn.nosyl unt was required to

K1t precipitating antibodies. Subsequently, Steliner
#tal {1972) showed that the addition of an O-acety]

group 10 a hexose yielded a hapten which when
coupled to bovine serum albumin (BSA) stimulated
the fc ion of itating and i
antibodies. From these results it may be assumed
that a structure larger than one monosacchande,
coupled as hapten to an immunogenic carrier
molecule, is needed to obtain an antibody response
2gainst the i partofa
anugenic determinant. A carrier molecule substitu-
ted by a finsamharidc would, therefore, be expected
10 give rise to antibodies against the disaccharide
hapten.
The object of this investi ation w
:pphmb'xlfl’y of this hypofhsis, fm‘g Ss“;:li:::
2o a5 haprae s i Ve of Sal; O-antj-
- A TepOrt iS given of the specifici
and biological activity of amxbodic'-sh eeliciwdm;x};
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(b} Jakibriton studies A suboptimal dilution of 0.5 mi
of antiserum {giving an absorption of about 2 at 400 nm
per 100 min m the final test) was added to an equal
volume of different concentrations of the inhubitor 1n
antigen coated tubes The tubes were incubated for 5
hours and washed, and sheep ant-rabbit lg-alkaline
phosphatase was added The assay was then performed
as for tiration of 2ntibodies. The experiments were run
m duplieate Matimum absorbance was determined 1
controls with PBS instead of inhubitor.

RESULTS

Sera coflected from rabbits immunized with the
tyvelose 153 mannose 1~ bovine serum alburmin
{TM-BSA) conjugate in Freund's complete adjuvant
were assayed qualitatively as well as quantitatively
(Tables 1 and 2).

Passive Haemagglutinasion Assay

Phenol extracted li (LPS)
from § tphimurium LT2 (O-antigens 4, 5, 122
and S. pphi T2 (09, 12,) were used as antigens for
coating sheep red blood cells. Already 10 days after
immunzation the rabbits had responded with a ugh
agglutination titre (Table 1) The antibody activity
was found exclusively in the IgM contaming peak

isolated after gel filtration of the sera on Sephadex
G200. The reciprocal IgM titre remained um-
changed after absorption of the serum with the
Staphylococcus aureus Cowan | strain. Serum
collected on day 40 (10 days afler a booster
injection) had the same, or shghtly lower, agglutina-
tion titre. The TM-BSA antiserum diduted 1.5 did
not react with the heterologous S. typhimurium
1PS Nor did anti BSA control sera contain
antibodies with specificity directed against the two
LPS tested.

Enzpme Linked Immunosorbent Assay (ELISA)

The passive haemagglutination assay detects
preferentially antibodies of the IgM class. The assay
s, in fact, up to a bundred times more sensitive for
detection of IgM than IgG antibodies ELISA
detects these two antibody classes with approxima-
tely the same efficiency, but is in addition about a
hundred times more sensitive. ELISA was therefore
used for analysis of the antibody response to TM-
BSA.

The reciprocal endpoint titre against the S. typhi
T2(09, 127) antigen of sera collected on day 10 was
35 000. whereas a titre < 100 (= preimmuniza-
uon value), was seen against the S. fyphimurium

TABLE | Bactericidal, Passive Haemagglutination and ELISA Tures i Rabbuts Immunized with TM-BSA Antigen

Reaiprocal tres median values

Atseruma Preammunzation Day 10 Day 40
Bacterioidal?  PHA¢  ELISASx 10~} Bactencdal PHA  ELISAx 10~}  Bactencida) PHA ELISA x 10
Tasy 100 <10 <1 25
600 640 35 6100 |
T BSAabs <100 <10 <1 30 o
51200 0
'Lﬁ B 2 $1200 320
lr:]c“f:; 00 <10 <1 200 10 5000
o ang <100 <10 <1 <100 <io 150
on
25600 320 b3}
o, 12800 160 20
51200 320 20
g&mr 9 0 <10 819 200 640 5500 {02 400 10 "
100 <10 <100 <i0 100 <10
* Pools of antisera obtained from rabbus after immunsza

factor 9 serum was obtained after absorpuon according
BSA-abs, derotes that the serum was absorbed with the S

femoves 1gG antibodies

® Reciprocal of the diluton ©of pooled rabbit antisera causing 50% kil

of guinea-pig complement n 60 mun at 37°C
© Medan passive

ton with either TM-BSA. BSA or heat-killed bactera, O
o 5

Kauffmann (1966) The designauon mabsa, as n TAL
‘aphylococcus aureus Cowan 1 stram which preferenually

ng of S enteritidis Br "203bM 10 the presence

anubody utre d

ke 1P o bt snubody e et wath sheep red blood cells coated with phenoy

baemagglutination visible to the naked
e
¢ Meduaa ELISA utres were deterrmuned as
antigen Coaung dose = | pg LPS/mi

endpoint utres using phenol-water extracted LPS from S ki
A blank space indicates that no titre determinations were made

-water

the reciprocal of the highest serum dilution fving

T2as
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rabbits immunized with tyvelose 143 mannose 1—

suspended in Freund’s complete adjuvant. Each rabbut
was j ized three times at four-weekly intervals and

bovine serum albumin (TM-BSA) ive of
O-antigen 9 of Salmonella serogroup D (Fig. 1).

MATERIALS AND METHODS

Bacterial strains. Salmonella typhimurium LT2 (O-
antigen 4, 5 122) and S. pphi T2 (09, 124, 123) were
from the strain collection of the Department of
Bacteriology. S. syphimurium P173C (04, 5, 12 and S.
enteritidis Br'203bM (09, 12)were obtained form R. J.
Roantree, Department of Medical Microbiology, Stan-
ford University School of Medicine, Stanford, Calif.,
USA. Staphylococcus aureus strain Cowan | was from
the strain collection of this Department.

Lipopoly haride p ion The Sah bac-
teria were grown in complex broth medium as described
previously (Lindberg & Holme 1972). Lipopolysaccha-
ride (LPS) was extracted by phenol-water extraction
from formaldehyde-killed bacteria {Lindberg & Holme
1972). The LPS preparations were spun in the ultracen-
trfuge (105000 x g} vnul they were essennally free
from matenial absorbing at 260 nm If necessary, any
nuclesc acid remayning was removed by treatment with
ribonuclease (5§ x Crystalline, Nutntronal Biochemical
Corp , Cleveland, Ohio, USA)

Disaccharide-protein conjugate preparation The di-
sacchanide denvative [p-tsothtocyanatophenyl-3-0-(3,6-
i, 'y 1)-

Y DY Y P
side] was synthesized as described previously (Ekborg ¢!
al. 1975) and coupled to bovine serum albumtn (BSA) as
described by McBroom et al (1972). The average
substitution of disaccharide was 20 mol per mol BSA

Immunization Procedures

{a) Anti-Salmonella O-antigen sera. Five male New
Zealand white rabbits were immunized intravenously on
days 1, 6 and 11; each injecuon contained approxtmately
{ x 1010 heat-killed bacteria. The rabbits were bled one
week after the last injection l\lo}lcspeclﬁc O factor 9
serum was prepared by absorption of pooled whole
serum with heat-killed, washed and packed bacteria,

according to Kauffman (1966). ; _ '
(b} Antiserum against disaccharide-protein conjugate

blood was collected before and 10 days after exch
injection. As control, thiree rabbits wert also immunind
with native BSA according to the same schedule as
above.

Fractionation of serum. Rabbit serum was fractiona-
ted by gel [iltration on Sephadex G200 (Pharmacia AB.
Uppsala, Sweden) using 0.05 M phosphate-buffered
saline (PBS), pH 7.2, as eluent. The IgM znd RG
containing peak fractions were pooled and concentrated
to the original serum volume

Absorption wuh Staphylococcus aureus Cowan [
Staphylococei were prepared as described by Jonsson &
Kronvall (1974), For absorption, equal volumes of a 1 %
{v/v) staphylococeal suspension and serum diluted 10-2
in PBS were mixed and kept at room temperature for 30
min. The tubes were spun at 1,500 g for 15 min, and the
supernatant was remaved for assays.

Passive lutination assays
performed with a Takatsy microtitrator (Cooke Enginee-
ring Co., Alexandria, Virginia, USA) using 254 loops
and 1% sheep erythrocyte suspensions coated With
phenol-water extracted LPS (Lindberg & Holme 1968)
Agglutination was recorded after incubation at room
temperature and in the cold {(+ 4°C) for ! and 18 h.
respectively. All utrations were repeated in independent
experiments

Bactertcidal assay The pantly rough, serum and

complement sensitive strams S enteritidis Br "2036M
and S. typhimuriun P173C served as test bacteria The
experiments were performed in duplicate with gurnea-pig
serum as complement source, as described previously
(Lindberg et al 1974)

were

Enzyme-linked Immunosorbent Assay (ELISA} .
(@) Titrauon of antibodies. ELISA was performed in
duplicate according to Engvall & Perlmann (1972) as
described previously (Carfsson et af. 1972} Anubodies
against rabbit immunoglobulin were obtamed by purifi-
cation of hyperimmune sheep antiserum on nsotubilwed
rabbit IgG. The anti-rabbit immunoglobulin was conju-
gated with alkaline phosphatase by the addwon of
plutardialdehyde. Conjugated material was separated
from enzyme and lin by ge!

R { bits were
Three mate Rew Zeatand white cabl 5
in the popliteal lymph nodes with 10 pg of lh(ca)}n:;:z):
antigen tyvelose 13 mannose 1~ BSA 8
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filtration on Sepharose 6B (Pharmacia AB, Uppsala.
Sweden).
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Tespectnely The opposite Was true 1n sera collected
on day 40, where the IgM contamng fracton had
20 ELISA utre of 20 000 and the 12G contauning
fraction a tatee of § 000 000 (Table 1)

The 12G and 1gM contaimng fractions were also
absorbed with the Staph aureus Cowan | stran to
semove 13G anubodies We found that whereas the
ELISA titre of the IgM contaunung fraction was only
sightly teduced, more than 97% of the 12G
antbody utre against the S iypht T2 antigen was
Ttmoved The reduction in Lire seen n the IgM
conapung fracton mught have been caused by

sbsorpuon of aggregated 1gG anubodies present
ths fracuon

Baciericidal Anubody Assays

The bactericidal complement dependent antibody
actvity of the TM-BSA antisera was estimated with
Runta-pig serum as complement source, using the
serum sensitne S enterstidis Br "203bM and S
Dphimurium P113C strains as indicator bacteria.

Serum collected on day 10 had a high bactericidal
utre, viz. 25 600 against the § enteritedis stram, all
of which was found in the IgM containing fraction.

5.typhs T2 LPS/a-TH-BSA -
m457° ;n Les

;> o,

100/

sinmibition

LT2 LPS/BSA
10

o1

o001 001

0
g inhititor per ml

100 1000

Fig 3 ntfication of anugen by means of inhibition
org anub%:; binding to antigen coated tubes ELISA.
TA-BSA (O3), BSA and LPS from S. fyphi T2(0) and s
13 phimureum LT2 were used as mmlubitors in concepras
tons rangig from 0001 to 1000 pg per ml in three
different antigen-antibody systems.

(a) S rypht T2 LPS and O factor 9 anuserum,

(b) S fpht T2 LPS and TM-BSA anuserum and

() TM-BSA and O factor 9 antiserum.

The tubes were coated with | pg per mi LPS from
5pkt T2 (a and b) or 0 1 pg per ml TM-BSA (c)

© fattor 9 serum was used 1n dilution 10-6 and anu TM-
BSA serumn diluuon 2 X 105,

The bactericidal titre against the S. ryphimurium
stratn was as low as that observed before immuniza-
ton

In sera collected on day 40, the bactericidal titre
against the S enteritidis strain appeared to be one-
fourth of that seen in sera collected on day 10.
Absorption of the pooled serum with the Siaph
aureus Cowan | strain resulted 1y an eight-fold
mncrease v the reciprocal bactericidal titre to
51 200. Assays for the bactericidal activity of the
12G and Ight containing fractions before and alter
absorption with the Cowan { strain showed clearly
that the bactericidal actvity was to be found in the
IgM containing fraction, The fact that the titre of
the 1gM containing fraction increased from 12 800
to 102 400 on absorption with the Cowan 1 strain
was probably the result of the removal of aggrega-
ted 13G

The bactericdal activity of the O factor &
antiserum was eight times higher than that of the
TM-BSA serum. However, the specificity was not
as hugh, since a low but significant activity against
the S. typhimurium strain was demonstrated, No
bactericidal activity above preimmunization tevel



TABLE 2. Median Antibody Titre of Sera from Three
Rabbits Immunized with TA-BSA Antigen

ELISA end-point titre (X 10-3)

Antigena Day0 Dayl0 Day40 Dayl30
S. pphi T2 <1 35 3400 3000
S. typhimurium

LT2 <1 <l 1 <1
BSA <1 <1 100 300

a Tubes were coated with | pg of LPS or BSAper mt.
The LPS was phenol-water extracted from S. typhi T2 or
5. pphimurium LT2 bacteria.

LT2 (04, 5, 127 antigen (Fig. 2, Table 1).
Maximum titres were seen 10 days after the first
booster injection (day 40), with a median value of
3 400 000. Additional booster injections did not
enhance the antibody titre against S. fphi T2
antigen. The specificity of the antibody response

100" S.typhi T2
a
o
a
° )
£
£ 10
S a
o
-
-
L
a
€
o
g o
Q 1o} ",
<
o
3] 4 A L
° G2 ® 1% 6t 16°
Serum dilution
Fig 2. Titration of TM-BSA anusera

() 1 pg/mi of LPS from S. Hphi T2;l

() 1 pg/miof LPS o
ymbols: serum collected from
Slpfr:ds;r’nbols. serum collected from rabbits on

m LT2.
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bbits before immunization
day 40, 1.e. ten days

was evident, since the titre against the S. tphimu-
rium LT2 antigen was not more than 1000, ie.2
5000-fold difference.

The difference in ELISA titre of an O factor 9
serum against the two antigens was less than 100-
fold. Against S. syphi T2 LPS the titre was
55000 000 and against S. typhimurium LT2 LPS
600 000.

Again, antiserum against native BSA did not
react with the . typhi T2 or S. o phimurium LT2
LPS preparations. The rabbits immunized with
TM-BSA also responded with antibody formation
against the BSA carrier protein. However, 2 high
titre was not seen until after one booster injection.
The titre observed (300 000) was one-tenth of that
agamnst the disaccharide hapten.

In order to determine the relative antibody
activity of the immunoglobulin M and G classes,
sera collected on days 10 and 40 were subjected to
gel filtration on Sephadex G200. In sera collectedon
day 10 virtually al] antibody activity was found in
the IgM containing fraction, as opposed to the 156G
containing fraction; the titres were 27 000 and 500,

wol' S.typhimurium LT2

b
£
£ 10
o
o
2
.
Y
o
£
3
o
2 10F »
< =
.
A
o
01 .0
: < = 56
62 16 16¢ 10° 10

Serum dilution

from three rabbits by ELISA 1n tubes coated with

fier the booster immunization
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Tespectively The opposte was true mn sera collected
on day 40, where the ]gM contatrung fracton had
a1 ELISA wtre of 20 000 and the 1gG containing
fraction a tire of § 000 000 (Table 1).

The 1gG and IgM containg fractions were also
absorbed with the Staph aureus Cowan 1 stran to
remove 1gG antibodies We found that whereas the
BUSA utre of the 15 contaunng fracuion was only
slightly reduced, more than 97% of the IgG
antbody ttre agamst the S fphs T2 antigen was
femoved The reduction in ttre seen m the Igh
contaming fraction might have been caused by
absorption of aggregated IgG antibodies present n
s fraction

Bactericidal Antibody Assays
The bactenicidal complement dependent antibody
acuvity of the TM-BSA antisera was estimated with
funea-pig serum as compiement source, tsing the
rum seosiuve S enteritidis Br "203bM and S,
Dphumurium P173C strans as mdicator bactera,
m collected on day 10 had a hugh bactericidal
utre, viz. 25 600 against the S. enteritidis strain, al]
©of which was found 1n the [gh ining fraction,

S.typhi T2 LPS/2-TM-B!

SA
/7r—"° T
o
YM-87 T21PS

> s,

sinhibition

LT2 LPS/BSA

o001 001 0 100

pg mhibitor per ml

o1 0 1000

Fig 3 Quanufication of amigen by means of mhibiuon
of anubody binding to anugen coated tubes 1 ELISA
TM-BSA (01}, BSA and LPS [rom § nph: T2(0)and 5.
nphimurium UT2 were used as wmhibrors in concentra-
tons ranging from 0 001 to 1000 pg per m! in three
different anugen-anubody Systems

(2) S ppht T2 LPS and O factor 9 anuserum.

() S pph T2 LPS and TM-BSA anuserum and

(c) TM-BSA and O factor 9 anuserum

The tubes were coated with } pg per mi LPS from §
5phe T2 (2 and b) or 0 1 pg per m! TM-BSA fc)

O factor 9 serum was used 10 diluuon 10-6 and anti TM-
BSA serum s diluon 2 x 10-5,

The bactericidal ttre against the S typhimurium
strain was as low as that observed before immuniza-
tion

In sera collected on day 40, the bactericidal titre
against the S. enteritidis strain appeared 1o be one-
fourth of that seen 1n sera collected on day 10.
Absorption of the pooled serum with the Staph.
gureus Cowan 1 strain resulted in an eight-fold
wcrease 1 the reciprocal bactencidal titre to
51 200. Assays for the bactericidat activity of the
18G and IgM containing fractions before and after
absorpuon with the Cowan | strain showed clearly
that the bacteriaidal actvity was to be found in the
1M containing fraction. The fact that the titre of
the 1M containing fraction increased from 12 800
10 102 400 on absorption with the Cowan 1 strain
Was probably the result of the removal of aggrega-
ted 1pG.

Ee bactericidal acuvity of the O factor 9
antiserufm was eight times higher than that
TM-BSA serum. However, the speaificity w:sl' ::;
25 high, since 2 fow but significant activity against
the S' Hphimurium strain was demonstrated, No

actvity above prei izt

level



TABLE 2. Median Antibody Titre of Sera Srom Three
Rabbits Immunized with TM-BSA Antigen

ELISA end-point titre ( x 10-3)

Antigena Day0 DaylI0 Day40 Day 130
S. typhi T2 <1 35 3400 3000
S. typhimurium

LT2 <l <l 1 <1
BSA <1 <1 100 300

 Tubes were coated with | pg of LPS or BSAper ml.
The LPS was phenol-water extracted from S, fyphi T2 or
S. typhimurium LT2 bacteria.

LT2 (04, 5, 12 antigen {(Fig. 2, Table I).
Maximum titres were seen 10 days after the first
booster injection {day 40), with a median value of
3400 000. Additional booster injections did not
enhance the antibody titre against S. pphi T2
antigen. The specificity of the antibody response

was evident, since the titre against the § g phimu-
rium LT2 antigen was not more than 1000, ie. 2
5000-fold difference.

The difference in ELISA titre of an O factor 9
serum against the two antigens was less than 100-
fold. Against S. fphi T2 LPS the titre wis
55000 000 and against S. typhimurium LT2 LPS
600 000.

Again, antiserum against native BSA did not
react with the S. iyphi T2 or S. gyphimurium LT2
LPS preparations. The rabbits immunized with
TM-BSA also responded with antibody formation
against the BSA carrier protein. However, a high
titre was not seen until after one booster injection
The titre observed (300 000) was one-tenth of that
against the disaccharide hapten.

In order to determine the relative antibody
activity of the immunoglobulin M and G classes.
sera collected on days 10 and 40 were subjected to
gel filtration on Sephadex G200. In sera collected on
day 10 virtually all antibody activity was found in
the IgM containing fraction, as opposed to the IsG
containing fraction; the titres were 27 000 and 500,

100’— S.typhi T2 100 S.typhimurium LT2
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Serum dilution

Fig. 2. Titration © s
(a)g | pg/mi of LPS from 5. wphi T2;A o
(b) 1 pg/ml of LPS from S. lyph:munun;’b T
Closed symbols: serum collected from r:b' 'Sn s befo
Open symbols: serum collected from rabbi

240

Serum dilution

f TM-BSA antisera from three rabbits by ELISA in tubes coated with

before immunizauon . .
y 40. 1¢. ten days after the booster immunization
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Tespectively The opposite was true 1n sera collected
on day 40. where the IgM contamning fraction had
2 ELISA utre of 20 000 and the IgG contaimng
fraction a utre of § 000 000 (Tabte 1).

The IgG and 1gM contumng fractions wese also
absorbed with the Staph aureus Cowan 1 stram to
Temove IgG anubodies We found that whereas the
ELISA ture of the IgM containing fraction was only
sSightly reduced, more than 97% of the IgG
athody tice agmnst the S ryphi T2 antigen was
Temoved The reduction m titre seen in the IgM
uinng fraction might have been caused by

sorption of aggregated [gG antibodues present in
thss fracuon

Bactericydat Antibody Assays

't bactenicidal complement dependent antbody
Hinity of the TM-BSA antisera was estumated with
Bumea-pig serum as complement source, usmg the
SETUM sensitve S entenstidis Br 2036M and S
Brhimurium PI73C strans as indicator bacteria
Wy '™ collected on day 10 had a tugh bactenaidat

- VI 25 600 against the . enteritidis stram, all

S which mas found in the IgM raction

of anubody binding to antigen coated tubes iz ELISA
TM-BSA (D), BSA and LPS from S. o phi T2 O)and §
typhymueium LT2 were used as inhsbitors in concentra-
tons ranging from 0001 1o 1000 pg per m! in three
aifferent snvigen-anubody syserns

(a) S pht T2 LPS and O factor 9 anuserum,

(b) S Hpht T2 LPS and TM-BSA anuserum and

) TM-BSA 20ad O factor 9 antiserum

The tubes were coated with | pg per mt LPS from §
Hphi T2 (a and b) or 0 | pg per mi TM-BSA ()

O factor 9 serum was used in dilunon 10-6 and anti TM-
BSA serum indifunon 2 x 10-3

The bactericidal titre against the S & phimurium
stram was as Jow as that cbserved before immuniza-
tion.

In sera collected on day 40, the bactericidal titre
against the S. enferitidis strain appeared to be one-
fourth of that seen in sera collected on day 10.
Absorption of the pooled serum with the Staph
aureus Cowan | stram resulted in an eight-fold
mcrease i the reciprocal bactencidal titre to
51200, Assays for the bacterinidal activity of the
1gG and IgM contaming fractions before and after
absorption with the Cowan 1 strain showed clearly
that the bactericidal activity was 10 be found in the
IgM contaiming fraction. The fact that the titre of
the 1gM containing fraction increased from 12 800
o 102 4;);; Ior.u absorption with the Cowan ! strain
was probably the result of the re; -
sty moval of aggrega-

The bactericidal acuvity of the O factor 9
2BUSRTUM Was eight 1imes higher than
TM-BSA serum. However, the swciﬁcisa:v:sr :11::
as high, since a Jow but significant activity against
:he S. pphimurium stain was d No

activity above i Tevel



was observed against S. enteritidis or S. typhimy-
rium in sera from rabbits immunized with native
BSA.

Inhibition Studies Using ELISA

The specificity of the TM-BSA antiserum was
assayed further in an inhibition system and
compared with that of O factor 9 serum (Fig. 3),
Three different inhibition systems were used (i) S.
typhi T2 LPS as antigen with O factor 9 antiserum,
(i) S. pphi T2 LPS as antigen with TM-BSA
antiserum, and (i) TM-BSA as antigen with O
factor 9 antiserum.

The concentration of . fyphi T2 LPS which
caused a 50% inhibition of the S. syphi T2 LPS/Q
factor 9 antiserum system (Fig. 3a) was 1.0 Pg per
ml. For TM-BSA the concentration was more than
a hundred times higher. Furthermore, the slope of
the inhibition curve was significantly different,
Neither S. typhimurium LT2 LPS nor BSA caused
any inhibition in the highest concentration tested
(1000 pg). In the system with TM-BSA as antigen
and O factor 9 antiserum (Fig. 3c), the S.ophi T2
LPS was as effective an inhibitor as the disaccha-
ride-protein conjugate. The concentrations were
approximately 1.0 pg per ml. Again neither the S.
typhimurium LT2 LPS nor the native BSA caused
any measurable inhibition,

Use of S.typhi T2 LPS as antigen in the system
with TM-BSA antiserum (Fig. 3b) revealed that,
under these circumstances, the TM-BSA conjugate
‘was the most potent inhubitor. Approximately 0.05
pg per ml of TM-BSA caused a 50% inhibition,
whereas | O pg per m! of the S #yplii T2 LPS was
required. Again no inhibition was observed with the
highest concentrations of S. typhifmurium LT2 LPS
and BSA

DISCUSSION

serogroup D, showed no positive fuorescence
reactions with these bacteria, except in eight cases
(seven Bacteroides Jragilis and one Yersinia pscudg.
tuberculosis) (Svenungsson & Lindberg 1977). These
results corroborate the specificity observed in the
present investigation.

The ELISA inhibition systems used confirmed
the specificity of the TM-BSA antiserum seen in
antibody titrations. However, there were differences
in the inhibiting activity of the S. fphi T2 LPS and
TM-BSA antigens. Thus the S. typhi T2 LPS wasa
hundred times better inhibitor than TM-BSA in the
O factor 9/S. yphi T2 LPS system (Fig. Ja),
whereas TM- BSA was twenty times more active in
the TM-BSA antiserum/S. typhi T2 LPS system
(Fig. 3b). These findings were in accordance with
the resufts of quantitative precipitin inhibition
assays (Jgrbeck et al. 1978). The dTerences
observed are probably the result of differences in
shape and size of the antibody combining sites The
O factor 9 is elicited by stimulation with
an antigenic determinant where the D-mannose
residue of the disaccharide is linked to p-gafactose
and L-thamnose (Fig. 1), whereas for the TM-BSA
antibodies the p-mannose residue is linked via a p-
isothiocyanatopheny! group to the ¢ amino group of
Iysine in BSA. It can be surmised that both l}}e
linkage group and the lysine residue participate in
forming the combining site with specificity for the
disaccharide hapten. A similar participation was
demonstrated with conjugated (D-Ala), Gly haptens
smaller than a tetrapeptide (Schechrer et al. 19700

The high specificity of the TM-BSA anliserum as
compared to the O factor 9 serum was also evident
in the passive haemagglutination and the comple-
ment-dependent bactericidal assays. .

The complement-dependent bactericidal activity
of the TM-BSA antibodies (Table 1) is of interest
Thus, the antibodies elicited against the synthetic
disaccharide have the same biological activity a8
dies elicited by heat-killed bacteria. The

The synthetic ide-protein tyve-
lose 1-73 mannose [— BSA, suspended in Freund's
lete ad readily sti production of
humoral antibodies with specificity for both the
haptenic group and the carrier protein {Table 2).
The specificity of the antibodies directed against
the disaccharide was high, considerably higher than
a conventional O factor 9 antiserum. This was
evident in the ELISA, where LPS from ._S‘almonella
serogroups D and B were used as antigens. The
ratio homologous/heterologous titre for the TM-
BSA antiserum was in the range 5000:1 (Tablg 2,
Fig. 2). For the O factor 9 serum lhe. corr'spondmrg
figure was approximately 100:' 1. Indirect immunof-
tuorescence studies, using ant TM-BSA serum ;;n
975 enteric bacterial strains other than Salmonella

242

highest titre in whole serum was seen 10 days a{\fr
the primary immunization (Table 1). The bacterici-
dal titre of serum collected 10 days after a booster
immunization was sixteen times fower. However,
removal of IgG antibodies from serum by absorp-
tion with a protein A contaimung Sraph aureus
strain revealed that the bacteriandal titre of the
hyperimmune serum was, in fact, as high as in !hnl
colfected [0 days after the primary immunization.
Absomption with proein A from Staph. aurcus
preferentially removes anubodies of the IgG class
(Kromvall & Williams 1969; Kromvall et al. 1970}
This suggests that the IgG antibodies n the
hyperimmune serum blocked the bactericidal ach-
vity of the IgM antibodies.



Subsequent Sephadex G200 gel fuuaﬁox} of sera
coliected on days 10 and 40 and separation into IgM
and 3G containing fractions demonstrated tlhat
most of the complement dependent ba:\eqclflzl
acvity was to be found in the IgM containing
fraction Thus is in agreement with earlier observa-
tions (Robbins et al. 1965) Absorptions of the 1gG
and 1\ comaining fractions with Staph aureus
Cowan | eliminated the bactericidal activity of the
142G containing fraction. Thus also the IgG antibo-
dies were bacteriofyuc in the presence of comple-
ment, although not as actve as 1gM antibodies In
the 1M containung fraction from the serum pool
obtained on day 40, an eight-fold increase in activity
‘was seen after absorption. This was probably caused
by removal of aggregated I1gG from the IgM
containing fraction. Thus, the results support
further the hypothesss that IgG antibodies can block
the bactenicidal actvity of TgM antibodies

Hall et al. (1971) observed that IgA antbodies
Yocked she bactencidal activity of 1gG and JgM
antbodies Our fractionation does not exclude that
the 1o\ contaning fraction could contain IgA
However, the concentration of serum IgA does not
seeta to increase dunng parenteral immumzation
{Cebra & Robbins 1966) Accordingly, unless there
‘Wasamarked shift 1n antibody specificity withun the
18A fraction during the interval between 10 and 40
days when sera were collected, the blocking effect
Seen after 40 days should have been seen also after
10 days 1t 15 also unknown whether or not
;b%muons of serum with proteir A remove rabbit
2A.

Itss ewident tha the use of the tyvelose 153
mannose disacchande as hapten Linked to BSA as
immunogenic carnier has resulted in an 1mmunogen
“huch ehents in rabbuts antibodies with a higher
specifictty for Safmonella O-antigen 9 than those
obtamed after conventonal immumizanon and
hsorpuon procedures Such antibody preparations.
form a basis for a more accurate diagnosts of
Salmonelta infections  The superionty of the TM-
BSA antservm over O factor 9 serum for
Wenufication of Salmonella serogroup D bactera by
tndirect immunofluorescence has already been
Proved (Shenungsson & Lindberg 1977). Moreover,
the ELISA hibition assay opens. for
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THE PREVALENCE OF IgE ANTINUCLEAR
ANTIBODIES IN RHEUMATOID ARTHRITIS AND
SYSTEMIC LUPUS ERYTHEMATOSUS

HENRIK PERMIN and ALLAN WIIK

Laboratory of Immunology. Usversity Chnic for Infectious Diseases, Rigshospialet, Copenhagen,
Denmark

Permun, H & Wik, A The prevalence of IgE anunuclear antbodies m rheumatoid arthrius and
systemic lupus erythematosus Acta path microbiol scand Sect. C, 86 245-249, 1978

Acunuclear antibodies (ANA) of the IgE class were studied in sera from patients with rheumatod
arthnus (RA), systemic Jupus erythematosus (SLE} and healthy controls, Sixty per cent of 26 RA
Ppatients with neutropemia wete found to have 1gE granulocyte-speaific (GS-} ANA, whereas only 16%
of RA patients without neutropensa had 1gE antibodies of simlar specificity About 5% m each group
of RA patents had IgE organ-nonspecific (ON-) ANA Eleven of 15 patients with acuve SLE and only
4 of 20 with mactive SLE had 1gE ON-ANA Sera from five pauents with lupus nephrius all contained
I3 ON-ANA None of 100 sera from controls showed presence of IgE ANA. IgE ANA ttres in RA
and SLE pauents correlated to the ttres of ANA of the other four immunoglobufin classes Gel
filtration studies at neutral and acid pH of RA sera contaiung tigh titres of 1gE GS-ANA 1ndicated the
presence of these anubodies 1n immune complexes Studies of serum cryoprecipitates supported this
conclusion IgE ANA m RA and SLE by eliciung type-1
Teacuons,

Key words lear antibodues. fic; IE, anbnns,

systemic lupus erythematosus, disease acuvity.

H Permin, Laboratory of . Department M, DX-2200 C N,
Denmark
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Immunoglobulins of the E class (IgE) have been
demonstrated 1n the sk and the blood of
Wdividuals with atopic diseases These immunoglo-
bulins have been shown to form the majority of the
socalled reagemc antibodies (13) They closely
resemble other immunoglobulins, but have certain
ph 1 and of
thewr own, especially the tissue binding ability (13)
The physiological function of IgE has long been
obscure but recent studies suggest that IgE may play
a role n the total 1mmunological homeostasis as
& tllla;) aspenfic role in the defence against parasites

Y4 class anunuclear antibodies (ANA) have boen
deseribed . systemsc lupus erythematosus (SLE)
€14, 16). theumatond arthntis (RAM16, 17, 18), and

psoriasis (5), and IgE has been found deposited 1n
human ussues such as thyroid and kidney in disease
(13, 15, 20). These findings suggest that IgE may
play a role in autormmunyty (3, 18)

The present study was undertaken to investigate

e and titres of pecific and
organ-nonspecific (GS- and ON-JANA of the IgE
class in RA and SLE, and 1o establish the possible
relation of these antibodies to chini
these diseases

cal activity in

MATERIALS AND METHODS
Exghty-four pauents had classical or defi

inte RA by the

Q:‘mman Rheumatsm Association erntersa (19) Twycm;

o Patients bad neutropensa {neutrophil oounts < 2 x

/1), 16 were women and 4 were men, and the



average age was 63.9 years (range 42-82). Sixty-four
patients had RA without neutropenia, 52 being women
and 12 men, and the average age was 64.2 years (range
28~81). The neutropenic cases were selected from a large

myeloma cell line (kindly donated by dr. K. Nilsson,
Uppsala) (23, 24). The fluorescein/protein ratios esuma-
ted by the optical density ratio 495/280 nm were 0 §-
0.7. The slides were examined in a Leitz Orthoplan

number of RA patients on the basis of ia, while
the penic cases were selected from
consecutive RA patients studied serologically in our
laboratory.

Thirty-five patients had SLE using the preliminary
criteria of the American Rheumatism Association {4)
Disease activity was estimated based on at least one of
the following manifestations renal impairment, anaemia
(Hb < 6 mmol/l), leukopenia (< 2 x 109/1),
thrombocytopenia (platelet counts < 50 x 10%/1), or
neurological symptoms. The female/male ratio was
32/3, and the average age was 45.1 years (range 13-79).
Fifteen patients had active disease, and S had lupus
nephritis as verified by renal biopsy. Both groups of
patients were randomly selected. Most patients in the
groups of RA and SLE patients attended rheumatology
and/or hematology departments in or around Copenha-
gen,

One hundred sera were drawn from healthy controls,
80 women and 20 men with an average age of 54.9 years
(range 13-82).

Sera were investigated for the occurence of GS- and
ON-ANA of the IgG, IgM, IgA, 1gD and IgE classes as
previously described (17, 22 — 25). Positive samples
were utrated in two-fold dilutions using phosphate
buffered saline pH 7.4 (PBS) as diluent. Fluorescein
1sothiocyanate (FITC)-labelled rabbit 1gG specific for
human y, p and a chains were purchased from
Dakopatts, Denmark. Rabbit antisera specific for 3 and ¢
chains were obtained from Behningwerke, GFR. The IsG
fraction was isolated from each antiserum by DEAE
fractionation and labelled with FITC as described
previously (23) The antisera 10 v, p, @ and & showed
monospecific reactions with pormal heman serum m
crossed immunoelectrophoresis  FITC-labelled antisera
were tested for speaificity by means of IgG. IgM. IgA
and 1gD monoclonal bone marrow specimens from
patients with multiple myeloma and macroglobutmae-
mia, and on a contnuously cultured IgE producing

pe equipped for incident [ght
illumination using an Osram 200 mercury lamp as ight
source {22) GS- and ON-ANA have been defined in
detail previously (17). Rheumatoid factors were demon-
strated by the FII latex fixation slide test (Behringwerke}
Titres 2 32 were considered abnormat

Three blood samples, from patients with RA exhibi-
ting neutropenia, were clotted 2t 37°C for one hour, cells
were removed by centrifugation at 400 g for 10 minutes
and the sera were incubated at 4°C for one week The
cryoprecipitable material was pelleted at 1000 g for 10
minutes, resuspended and washed 4 times in ice cold PBS
in an attempt to remove nonspecifically trapped proteins
from the precipitate. The cryoprecipitate was redissoled
in a small volume of PBS at 37°C and insoluble material
was removed by centrifugation at 1000 g.

Two RA sera containing high titres of IgE GS-ANA
were both fractionated on a G-200 Sephadex column at
pH = 7.35 using Tris-HCI buffer,1 = 0.154,and atpHl
= 4.50 using acetate buffer, i = 0.154, respectively, as
described in detail earher (21, 25)

Statistics

The statistical significance of the data obtained »\2‘:
evaluated by the Fisher's four-fold table test, Spearmans
rank correlation test and chi-square test (6) Sigmificance
level 5%.

RESULTS

1gE ANA were found in 32% of the 84 sera from
patients with RA. Most of the posiuve results were
due to the high frequency of IgE GS-ANA (Table
1) Sera from 20 patients with RA accompanied I?Y
neutropenia showed presence of IgE GSvANA in
60%. whereas only 16% of RA patients without
neutropenia were found to have this antibody {p <
0.01). The frequency of IgE ON-ANA was low In
both groups.

TABLE | The Presalence of IgE GS- and ON-ANA i Panents with RA, SLE and Controls

Subjects IgE ANA IeE GS-ANA IgE ON-ANA

RA with neutropenia (n=20) 13 (65%) 12 (60%)) [ LY

RA without neutropenia (n=64) 14 (22%) 16 (16%3) 4 (6%)

SLE with active disease (n=15) 1 (71%) 1 (7%) HEGEY)

SLE without active disease {n=20) 4 (20%) 0 4 (20%)0
(n=100) ¢ [} 0

Controls
2andt).p <0 01
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titres of IgE and I§G ANA in RA and SLE patients,
respectively, illustrating that high titres of IgG
ANA in the absence of TsE ANA and vice versa
was seen in several sera.

Three cryoprecipitates, from neutropenic RA
patients having high titres of serum IgE GS-ANA,
were found to contain IgE GS-ANA. Sera from two
patients with high ttres of IgE GS-ANA were
fractionated by Sephadex G-200 gel filtration at
neutral pH (Fig. 3) 1gE GS-ANA was detected both
in the void volume fractions and the 8 S contaimng
fractions of the second peak. The same sera were

<% % 37 6 DB 36 S2 NI 00 0% 382 Ig6

Fg I Relavon between the utres of IgG and IgE GS-
ANA 1n sera from pauents with RA.

=026, p<005

= patients ath neutropemia,

auents without neutropenia

et

R EEEEE Y
Fig 7 Relaton between the utres of 1gG and IgE ON-
ANA 1 sera from patients with SLE
72050, p<0 01

A =patients with acuve disease
auents with mactive disease

In contrast, only one serum from 35 patients
with SLE contained IgE GS-ANA, while about half
of the patients had IgE ON-ANA (Table 1) Among
the 15 SLE pauents with active disease 11 showed
presence of IgE ON-ANA., compared to only 4 of
20 SLE pavents with 1nactve disease {p <001
Five pauents with nephrius all had JgE ON-ANA
The highest tre was found 1 a 29 year old female
“1th pronounced disease activity {nephritis, serosits
208 hugh anu-DNA. anubodies) None of the 100
control sera showed IgE ANA actvity
» GA Trr\r:lzuon of IgE ANA utres with those of
h « 18M. 1gA and 1gD ANA was found when
mmwed by Spearman’s rank correlation test (p

ue 10 all cases < 0 05) Fig 1 and 2 show the

d also by Sephadex G-200 gel filtration at
pH 4.50 (Fig 4), but now all IgE GS-ANA activity
was contained in the second peak fractions, most
probably due to dissociation of immune complexes
involving IgE GS-ANA (9, 21, 25).

Sixteen of the 20 RA pauents with neutropenia
had positive latex tests in titres up to 1024, while
only 31 of 64 non-neutroperuic RA patients had
positive latex tests and titres up to 256. Thirteen
SLE patients had positive latex tests in titres up to
512, and no difference was found between patients
with active and inactive disease. No covariation was
seen between IgE ANA and rheumatoid factors

Fig 3 Three ml of serum from a patent with
arthriis  and
subjected to Sephadex G-200 gel fiftrauon at pH 7 35

+ designates 1E GS-ANA actnity in the individual
fractions obtained
Abscissa Fracuon no

on

¥

Fig 4 Three ml of the same serum

subjected to
lSeEha‘ise‘x,\i-AZOO gel filration at pH 4.50 + djslgna\zs
gl NA acuvity 1 the individ
Absassa Fracuon no. sl fracuons



average age was 63.9 years {(range 42-82). Sixty-four
patients had RA without neutropenia, 52 being women
and 12 men, and the average age was 64.2 years (range
28-81) The neutropenic cases were selected from a large

myeloma cell line (kindly donated by dr. X Alsson,
Uppsala) (23, 24). The fluorescein/protein ratos estima-
ted by the optical density ratio 495/280 nm were 05-
0.7. The slides were examined in a Leitz Orthoplan
a g

number of RA patients on the basis ol while
the non-neutropenic cases were ramdomly selected from
consecutive RA patients studied serologically in our
laboratory.

Thurty-five patients had SLE using the preliminary
criteria of the American Rheumatism Association (4).
Disease activity was estimated based on at least one of
the following manifestations. renal impairment, anzemia
(Hb < 6 mmol/1), leukopenia (< 2 x 109/1),
thrombocytopenia (platelet counts < 50 x 10%/1), or
neurological symptoms. The female/male ratio was
32/3, and the average age was 45.1 years (range 13-79).
Fifteen patients had active disease, and 5 had lupus
nephritis as verified by renal biopsy. Both groups of
patients were randomly selected. Most patients in the
groups of RA and SLE patients attended rheumatology
and/or hematology departments in or around Copenha-
gen

One hundred sera were drawn from healthy controls,
80 women and 20 men with an average age of 54.9 years
(range 13-82)

Sera were investigated for the occurence of GS- and
ON-ANA of the 1gG, IgM, IgA, IgD and IgE classes as
previously described (17, 22 — 25) Positive samples
were titrated in two-fold dilutions using phosphate
buffered saline pH 7.4 (PBS) as diluent. Fluorescein
1sothiocyanate (FITC)-labelled rabbit IgG specific for
human y, p and « chains were purchased from
Dakopatts, Denmark Rabbit antisera speaific for dand ¢
chains were obtained from Behringwerke, GFR The IgG
fraction was 1solated from each antiserum by DEAE
fractionaton and labelled with FITC as described
previously (23) The antisera to y, p, @ and & showed
monospecific reactions with normal human serum
crossed immunoelectrophorests. FITC-labelled antisera
were tested for specifiaity by means of IgG. IgM. IgA
and IgD monoclonal bone marrow specimens from
patents with muluple myeloma and macroglobulinae-
mia, and on a conunuously cultured IgE producing

equipped for incident hght
illumination using an Osram 200 mercury famp as light
source (22). GS- and ON-ANA have been defined 1n
detail previously (17). Rheumatoid factors were demon-
strated by the FII latex fixation slide test (Behringwerke}
Titres = 32 were considered abnormal

Three blood samples, from patients with RA extibi-
ting neutropenia, were clotted at 37°C for one hour, cells
were removed by centrifugation at 400 g for 10 minutes
and the sera were incubated at 4°C for one week. The
cryoprecipitable material was pelleted at 1000 g for 10
minutes, resuspended and washed 4 tmes in ice cold PBS
in an attempt to remove nonspecifically trapped proteins
from the precipitate The cryoprecipitate was redissohved
in a small volume of PBS at 37°C and insoluble matersal
was removed by centrifugation at 1000 g

Two RA sera containing high titres of IgE GS-ANA
were both fracuonated on a G-200 Sephadex column at
pH = 7.35 using Tris-HC) buffer,1 = 0.154,and atpil
= 4.50 using acetate buffer,1 = 0 154, respectvely. as
described in detail earher (21, 25)

Statistics

The statistical sigmificance of the data obtined was
evaluated by the Fisher's four-fold table test, Spearman’s
rank correlation test and chi-square test (6) Sigmficance
Tevel 5%.

RESULTS

JgE ANA were found in 32% of the 84 sera from
patients with RA. Most of the positive results were
due to the high frequency of IgE GS-ANA ffahlﬂ
1). Sera from 20 patients with RA aeoompﬂmf’d by
neutropenia showed presence of IgE GS-ANA in
60%. whereas only 16% of RA patients without
neutropenia were found to have this antibody (b <
0.01). The frequency of IgE ON-ANA was low in
both groups.

TABLE | The Prevalence of IgE GS- and ON-ANA in Panents with RA. SLE and Controls

Subjects IgE ANA IgE GS-ANA 1gE ON-ANA

RA with neutropenia {n=20) 13 (65%) 12 (60%)) 5%

RA without neutropena (n=64) 14 (229) 10 (16%1) 4 (6%

SLE with active disease (n=15) I a% 1 (7%) TR IEL)

SLE without active disease (n=20) 4 (20%) 0 g (2008
(n=100) Y 0 0

Controls
$)andb).p <0 01,
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DISCUSSION

The present study shows a higher prevalence of IgE
GS-ANA in the neutropenic than in non-neutrope-
nic cases of RA. Such neutropenic RA patients have
pronounced serological activity as judged by pre-
sence in serum of high titres of IgG and IgM GS-
ANA (24, 25), high titres of theumatoid factors (1),
circulating immune complexes (12, 21) and hypo-
complementaemia (11).

The specificity of ANA in RA patients was
predominantly directed against nuclei of granulocy-
tes, Whereas ANA in SLE patients was organ-
nonspecific in agreement with former studies (7).
The higher prevalence of IgE ON-ANA in SLE
patients with active than with inactive disease
confirm the results obtained by Jackson et al. (14).

In most of the cases in which IgE, ANA activity
was demonstrated antibodies with similar specifi-
city were also detected in the IgG, IgM, IgA and
IgD classes. This finding suggests that IgE ANA
production is related to that of the 4 other
immunoglobulin classes of ANA, most probably
being part of a broad polyclonal antibody response
to nuclear materials. The existence of a number of
sera containing high titres of IgG, IgM, IgA or IgD
ANA in the absence of IgE ANA and vice versa
makes unwanted cross-reactivity of the different

ti-i lobulin conj an unlikely expla-
nation for the observed covariation.

It has been postulated that IgE in serum may be
involved 1n immune complex formation {2, 3) This
notion 18 supported by our finding of IgE GS-ANA
in cryoprecipitates and 1n acid dissociable aggregates

in neutropenic RA sera. A possible role of IgE in
the pathophysiology of autoimmune diseases may
be that of IgE mediated vasoactive amne release
resulting in increased vascular permeability and
hence t of i complex d i
'3). Vasoactive amine release might be mediated
‘hrough autoallergic reactions between IgE ANA
ind nuclear antigens on the surface of basophils as
1as been suggested from recent observations in RA
>atients, the peripheral blood leukocytes of whom
«eleased histamine upon challenge with RNA and
INA (18). The production of IgE ANA as part of a
»road polyclonal response to nuclear antigens might

ead to type-I reactions and possibly explain the

ncreased IgE levels and the eosmophilia found in

REFERENCES

1. Barnes, C. G., Turnbull, A. L. & Vernon-Roberts, B
Feity'’s syndrome. A clinical and pathological survey
of 2{ patients and their response to treatment Ay
theum. Dis. 30: 359-374, 1971.

2. Brostoff, J., Johns, P. & Stanworth, D. R.: Comp-
lexed IgE in atopy. Lancet ii: 741-742, 1977,

3. Cochrane, C. G.: Initiaung events in immune
complex injury. In: Amos, B (Ed) Progress in
Immunology. 1971, p 143-153.

4. Cohen, A. S., Reynolds, W. E., Frankim, E. C,
Kulka, J. P., Ropes, M. W., Shulman, L E. &
Wallace, S. L.: Preliminary criteria for the classifi-
cations of systemic [upus erythematosus Rull
rheum. Dis. 27: 643~648, 1971,

5. Cormane, R. H., Hunyadi, J. & Hamerhinck, F.- The
role of phoid cells and p
leukocytes in the pathogenesis of psoriasis J
Dermatol. 3: 247-259, 1976.

6. Diem, K. & Lentner, C. (Eds.). Documenta Geigy.
Scientific Tables, 7th ed. J R. Geigy, S.A., Basle,
1970, pp. 37, 61 and 112.

7. Faber, V. & Elling, P : Leucocyte-specific antinue-
lear factors in patients with Felty's syndrome,
rheumatod arthritis, systemuc lupus erythematosus
and other diseases Actamed scand. {79. 257-261,
1966.

8. Goldman, J. A., Klimek, G A. & Ali, R.: Ablergy in
systemic Jupus erythematosus. Arthritis Rheum. /9
669-676, 1976.

9. Hannestad, K : Rheumatoud factors reacting With
autologous native yG-globulin and jomnt fluid yG
aggregates. Clin. exp. Immunol 3- 671690, 1968.

10. Hunder, G G. & Gleich, G J. Immunoglobulin E
{IgE) levels 1 serum and synovial fluid m
rheumatoid arthntis Arthriis Rheum 17- 955
963, 1974.

11, Hunder, G G & McDuffie, F. € Hypocomplemen-
taemia in rheumatoid arthritss Amer. J. Med 54
461472, 1973,

12. Hurd, E. R , Andreis, M. & Ziff, M - Phagocytosisof
1mmune complexes by polymorphonuclear leucocy-
tes in patients with Felty’s syndrome Clin exp
Immunol 28 413-425, 1977

13. Ishizaka, T & Ishizaka, K . Biology of immunoglo-
bulin E. Prog. Allergy /9- 60-121, 1975.

14. Jackson, J, Dedngelis, D & Schur, P H - Antinuc-
lear antibodies of the IgE and IgD classes m sera of
patients with systemic lupus erythematosus (SLE)
Clin. Res. 27 581, 1973 (abstr)

15. McPhaul, J. J. Jr, Newcomb, R W, Mullins, J D.
Thompson, A L. Jr ., Lordon, R E & Rogers, P W
Participation of E (IgE) in immu-

;ome patients with RA (IO),Aas well as the P
of allergic manifestations in these and in SLE
satients {8, 18)-

Dietz and Mrs. Birgitte Jahobsen have
nical asststance for which they are
y the Narional

Ars. Tove
rrovided skillful tech
hanked. This study was supp?ned b
Issociation against Rheumatic Diseases

148

nemediated glomerulonephnus Kidney Internat. 5
292-299, 1974

16 Miyanaki, S & Rirchie, R. F - Heterogeneity of
antinucleolar anubody and IgE antmuclear anubody
in patents with systemic rheumatc diseases. kS
Immunol [13:1346-1352, 1974

V7. Permin, H.. Horboy, S., Wiik, A. & Knudsen. J. ¥



\a path microbiol scand Sect C, 86- 251-258, 1978.

EVIDENCE FOR NON-SPECIFICALLY
BOUND IgG IN HUMAN TUMOURS

FINN WESENBERG and OLAV TONDER

Broegelmann Research Laboratory for and Dx of
Insutute, Untversity of Bergen, Bergen, Norway

The Gade

Wesenberg, F & Tonder, O Evidence for non specifically bound 13G 1n human tumours Acta path
microbio} scand Sect C. 86 251-258. 1978

Heat eluates of homogenized human malignant and normal ussues were prepared using the conunuous
fNow eluuon techmque 1gG antibodies o rabbit erythrocyles served as marker antibodies for non-
speatfically bound IgG  Eluates of alt of the 13 malignant tumours tested contained 135G Most were
¢luted at 56° C, but considerable amounts also at 37° C and 45° C. Marker anubodies were present in
eluates of 4 of the tumours, 1ndicating that at least parts of the IgG associated with malignant human
wmours are non-specifically bound. Exght tumours contaned too bittle IgG to detect marker anubodies,
and one contained high amounts of [gG without marker antibodies Eluates of normal organs contained
either 1o or only smalt amounts of 1¢G, although apparently normal kidneys from older individuals
<ontamed some more 1gG  Marker anubodies were detected 1n some of the eluates indicaung non-

specific binding
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Reports published during the last decade hase
furnushed evidence for the exstence of antbodies
dicected 1owards tumour-specific antigens both
amumals (5, 16) and humans (3, 5, 6, 10, 16). After
the discovery of the Fe-receptors and therr relation-
ship (o human malignancy (9, 12, 14), the concept
of tumour-associated was extend-

agents, temperatures between +4° C and 56° C or
combnations of these factors (4, p 781-789) have
been used We describe here a technique using a
column with a continuous flow of saline at 56° C
which has proved to be an efficient method for the
elution of immunoglobulins,

In a previous report (15) we have described that

& also to include non-specifically bound IgG
Brastawsky er al (1) have shown that unrelated
antibodies could bind to a non-lymphoid munine
Wwmour fn human malignancy conclusne evidence
:;s not bc[“\‘; plmnded for non-specific or Fe-bound

munoglobulins, althou; -
e ey ough one report has indica.

Elution of antbodies
be achived by several
alkaline buffers,

from ussue specimens can
techmiques. Aaid buffers,
hugh tomic strength, chaotropic

to rabbit er Yies in extra

human malignant and normal tissue are idenl::‘csn ?c‘;
the naturally occurring serum 13G antibody to
rabbit enthrocytes. We have now extended this
observation and have found that the ratio between
tutre of these antibodies to concentrati

constant when serum and extracts of several organs
from ghe Same person are used. By comparing this
tes of human malignant

tumours.
o non-specifically bound 18G was looked
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Reports published during the last decade have
furmushed evidence for the existence of antibodies
directed towards wmour-speafic antigens both in
aumals (5, 16) and bumans (3, 5. 6, 10, 16) After
the discorery of the Fe-receptors and therr relation-
Ship to human malignancy (9, 12, 14), the concept
of tumour-associated 1mmunoglobulins was extend-
o also to include non-specifically bound 1pG
Braslawsky er al (1) have shown that unrelated
anubodies could bing to a non-lymphosd murine
wmour In human malignancy conclusine evidence

ot been provided for non-specific or Fe-bound
immunoglobulins, although one report has indica-
wd this {14)

Elution of antibodies from ussue specimens can
b achuesed by several techmques. Acd buffers,
alkaline buffers, high tonic strength, chaotropic

agents, temperatures between +4° C and 56° C or
combinations of these factors (4, p. 781-789) have
been used. We describe here a technique using a
column with a contiuous flow of saline at 56° C
which has proved to be an efficient method for the
elution of immunogiobulins.

In a previous report (15) we have described that
agglutinins 10 rabbit erythrocytes in extracts of
human malignant and normal tissue are Wdentical to
the naturally occurring serum 1gG antibody to
rabbit erythrocytes. We have now extended this
observation and have found that the ratio between
utre of these antibodies to concentration of G is
constant when serum and extracts of several organs.
from the same person are used, By comparing this
Tatio 1 extracts and eluates of buman malignant
tu

B mours, non-specifically bound 186G was looked
or.






¢ for 10 mn (100 per cend). ¥ i y
(4, p 22, alternauve method) were prepared for some
expenments.

Haemagglunnation in Tubes

To twofold dilutions of extracts, human IgG or
eluates in 0 1 ml volumes of PBS, 0.1 ml of a 0 5 per
cent suspension of rabhit erythrocytes was added. The
mustures were Yeft for 15 min at ambient ternperature.
The fubes were centnfuged at 1000 x g for 30 s. The

Test

2 drops of & 1 per cent erythrocyte suspension were
incubated with an equal volume of FITC-conjugated
antiserum at ambient temperature for 30 min. The
erythrocytes were then washed 3 times 1 PBS at ambient
temperature and mounted in 50 per cent glycerol in PBS
They were examined for immunofluorescence using a
Leitz Orthoplan Microscope equipped for epitllumination
with a Lewz vertical ltuminator.

were gently and
was recorded macroscopicatly. The titre of agglutination
was defined 2s the reciprocal value of the highest dilwtion
showing aggluunation. One agglutinaung umt was
defined as the amount of the tughest dilution of human
156 of serum which agglutinated an equal amount of 2

of IgG

IgG was quantfied using single radial immunodiffu-
sion with commercial agar plates. purchased from
Behringwerke AG. Marburg-Lahn, W-Germany.

©5 per cemt suspension of erythrocytes RESULTS
Afier the direct agglutnanon was recorded, the 5
erytirocytes 1n each tube were washed tuice 1n 2 ml of  Liution Procedure. Technical spects )
PBS The were then m01m rabbit er coated with 1/4
of antiserum to human diluted to unit of human natural antibodies or

1/40th the anti-globulin ntre diution The tubes were
feRt at ambient temperature for 5 min, centnfuged at

1000 x g for 30 s and the (indirect

sheep erythrocytes coated with 1/4 agglutinating
unit of rabbit immune antibodies served as control

agglotimation) was Tecorded a5 descnbed above

Al the tires grven for extracts and eluates are indurect
agglutination titres

Various Reagents

Gheme HCI buffer, pH 20, 3 M NaCl and 3 M
NaSCN were standard reagents DNase (lat 71945) was
purchased from Catbiochem, Los Angeles, USA, and
oollagenase (no C-6885) was purchased from Sigma
Chemical Company, $t Lows. Mo . USA.

for of known body com-
plexes. The recovery of the amounts eluted were
estimated as agglutinating vnits.

One ml of packed sensitized erythrocytes corre-
sponding to 50 agglutinating units when tested in
tubes, were subjected to elution using the batch
procedure. No significant difference in recovery was
found. Further, when malignant tissue was eluted,
there was no difference between 3 of the heat eluates.
whether they were centrifuged at 56° C or at

TABLE | Eluted I¢G in mg/kg Wet Homogenized Tissue from Different Tumours using Dufferent Procedures

Elution Ong of carcinoma
procedure
colon uncertain ongin breast ovary bronchus
1 Bawch
A 9 [} 6
7 12
¢ . H 10 65 12
5 H 3s 0 <33 H
£ : 8 <235 s
35 <25 6 Pyt
1t Column s1 85 s <2 2
30

A The sediment was resuspended in tw1ce the volume of
same temperature as described previously (1)

€ The sediment was resuspended 1 tw

PES, incubated at $6° C for 30 mup and centrifuged at the
B As in procedure A, but centrifuged at ambient temperature

e the volume
for 30 run and centnfuged at the same s syane KC1 butter,

PBS with two shifts of PBS
D The sediment was resuspended 10 twice the olum
E The sediment was resuspended in tw1ce the volum

e of 3 M NaCl, and fu

semperature. The eluate was thes dmp“ 2. and left at ambrent temperature

ysed for 18 b agamst 300 volumes of

riher treated as in C,

e of 3 M NaSCN, and fUrther treated ac fn 7~



MATERIALS AND METHODS

Tissues

Specimens from 13 different human solid tumours of
which 3 were both primary and secondary, and normal
liver, spleen, lung, kidney, stomach and muscle were
kindly provided by the Department of Pathology,
University of Bergen. Normal organs were collected at
autopsies of young persons (aged 20 to 30 years) who
had died in traflic accidents and older persons (aged 50 to
60 years) who had died of heart attacks without signs of
other diseases. Necrotic tissue was carefully removed
and discarded. Tissues not used immediately were stored
at =25° C. Histological investigation was routinely
performed at the Department of Pathology.

Honmogenates of Tissue

The tissue was gently minced with scissors and
h ized for 60 s in buffered saline, pH
7.2 (PBS) (4 times wet weight) in a Serval Omni-Mixer
with the container in an jce-water bath. The homogenate
was then centrifuged at 20,000 x g for 20 minat +4°C,
The supernatant beneath the lipid layer {extract} was
stored at —25° C.

RECORDER —l
060
GLASSFIBRE

GLASSHOOL o

o

TISSUE SEDIMENT { O

for

ion of the glass column techmique
L mus"ahonon of tissue. Vo = 20 ml, snner
tinuous flow from bottont to

Fig. 0
washing and_eluti &
jameter = 3.8 cm. Conl ! 1
f;:n::i\h peristaltic pump. flow rate 1.5 mi/min. Optical

density (0.D) recorded at 260 nm.

252

Eluates of Tissue

1: Batch procedure. The homogenized sediment was
washed 10 times in 10 vol. of PBS at a centnfugauon of
1,000 x g for [0 min. The tissue sediment was
resuspended in twice the volumes of PBS (w/v)and left
at ambient temperature {approx. 20° C} for 30 mn
After centrifugation the supernatant was saved for
control purposes. The sediment was then divided into
portions of 3 g of wet weight and eluates made 2s stued
in Table 1.

The controls and eluates were concentrated 20 times
in collodium bags using negative pressure (4, p. 729)

2. Column procedure. Three grams of the wet tssue
sediment were resuspended in PBS with 005 per cent
Na-azide and placed in a short glass column using glass
fiber filters (Skatron, Norway) at the lower end, and the
same filters together with glass wool at the upper end
(Fig. 1). In this column the tissue was washed and eluted
in a continuous upward flow of PBS with azide The
filter at the bottom issues an even stream and the glass
wool at the top prevents the filter from tightening ATo
monitor the washing and elution procedure the optical
density (OD) was recorded at 260 nm and the effluent
collected. The tissue was washed at +4° C unil the OD
was stable below 0.05; 18 h was the usual time needed
The flow was then stopped for 30 min and 2 control
sample of approximately 60 ml was then col[cclltd
Afterwards, the column and 40 em of the afferent tubing
was submerged in a water-bath at 37, 45 and 56° C
successively. Monitored by the OD of the effluent, the
eluates were collected at each of the temperatures (see
Fig. 2). Before the elution was started, the flow was
stopped for 30 min for stabilization at each of the
temperatures. All samples were concentrated to between
1.5 and 2.5 m! using Amicon UM 05 filters

Sera
Sera were obtained from 2 patients with malignant

tumours and from 2 of the pauents from whom 5
normal organs were collected The sera were treated with
2 1 (ME) by a mxtre of
equal volumes of serum duluted 1 1n 2 and 02 M ME for
30 mmat 37°C

Antserum to human immunoglobulins was produced
as described previously (7) The anuglobulin tre ofa
serum was defined as the reciprocal value of the highest
dilution which agglutinated rabbit erythrocytes sensiuzed
by one half aggtutinating unit of human 1gG (see below)
Antiserum to sheep erythrocytes was raised m rabbits by

FITC

d rabbit anti-

human IgG. IgA. IgM. kappa and lambda (ot 047) and
FITC conpugated swine anti-rabbit 1gG (lot 125) were

from Dak Cop ¢
Isolated human lgG was purchased from AB Kabr.
he d less than 10 per
cent IgA.
Enthrootes

Erythrocytes from sheep and rabbis were obtained
from whole blood collected 1 Alsever's solution. Before
use the erythrocytes were washed 4 umes 1n 6 to 10
volumes of PBS They were finally centrifuged at 1000 x



TABLE 3. Amounts of IgG and Ratios of Agglutinins 1o Concentrations of IzG in Etuates of Human Malignant Tissues

Ornigtn of tumour Localization 1eG* Rato

Caranoma of 8 _
A uncerizin ongin lung 0 r
B the colon liver o R
C the bronchus primary e 5
C the bronchus kidney b s
D the bronchus primary 80 -
D the broachus liver 24 -
E the bronchus pnimary ot T
E thebronchus. liver & s
Fihe breast lrver
G the breast Tiver 30 -
Hthe ovary penitonesm 73 -
1 thecervix liver 180 R
J the endometrium rver 27 -
K the bladder Tnver S0 -

Fibrosarcoma
L primary 110 -
M primary 10 -

* mg/kg wet homogenzed tissue

~ agglutuns not detected

S ratio m efuates stmilar to that i extract

® rauo reduced

of wmour A was 1:6. The $6°C eluate had high
concentrations of IgG and none of the eluates
contained agglutimns.

For tumour B the rauo of aggluunins to 3G was
reduced from 1.2 1n the extract, to 1:8 in the 56°C
¢luste. No agglutimns were found n the 37 and
45°C eluate.

The rauo of aggluunins to 1gG 1n tumour C, a
<rcnoma of the bronchus, was similar in the
extract and all the eluates.

Tumour D 1s another carcinoma of the bronchus
With low concentration of IgG 1n the 56° C eluate
2nd no agglutins detectable in any of the eluates,

As the volumes of the eluates were not constant,
the total amount of IgG eluted was calculated in
order to compare the various tssues. Results
obtamed for all tumours are presented in Table 3.
The amount of 1gG eluted varied to 2 large degree,
but except for 3 tumours, more I5G was eluted than
from normal organs (see below), if the results
oblained with kidneys from older individuals were
excluded  Agglutmns o rabbit erythrocytes were
detected 1n 4 of the 13 tumours of which 2 (C+ F)
had the same rauo and 2 (B + 1) had reduced fatio of
agglutnuns to §2G, when compared 1o the extract,
The results differed from tumour to tumour, also

within the tumours from the same organs of the
same histological classification (C+D). On the

other hand, the primary and secondary tumours
gave similar results {tumours C, D and E).

Eluates of Normal Tissue

A total of § Kidneys, 3 Ivers, 3 spleens, 2 lungs,
2 stomachs and 2 quadriceps muscles from 10
dufferent individuals were included, Representative
results of the elution experiments are shown in
Table 4. As previously (15), all extracts contained
1¢G and agglutnins 1o rabbit erythrocytes. By
calculation of the ratio of titres of agglutinins to
concentration of IgG, the extracts of different
organs from the same indwvidual had a constant
Tauo, but the ratio differed from person to person

The eluates from al liv

e e ers and spleens tested
contained neither 1gG nor agglutinins, Eluates from

from o!der individuals.

The ratio of 1
agglutmins 10 concentrati te of

on of 13G was simjlar
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Fig. 2. Diagram from a typical elution experiment using
the continuous flow technique.

1: washing, 2: control, 3: elution at 37° C, 4: elution at
45° C, 5: elution at 56° C.

ambient temperature. The best recovery of [gG was
obtained using heat elution (A and B, Table 1).

However, as much as 9 times more [gG was
eluted using the column procedure (Table 1). The
diagram of the OD recorded from a typical elution
experiment using this technique is shown in Fig. 2.

After this elution at 56° C, the tissue was in
some experiments further eluted using 3 M NaSCN
and buffer pH 2 at ambient temperature, PBS at 63°
C, or 3 M NaCl at 37° C. Only trace amounts of
1gG were found, and this inconsistently.

Two experiments included ncubation of the
tissue sediments suspended 1n twice the volume of
PBS containing DNase (0 15 mg/ml) and collage-
nase (0.5 mg/ml) for 2 h at 37° C before washing
and elution to exclude non-specific binding to DNA.
This treatment did not change the results.

In some experiments, the temperature was
measured within the column. After 5 min the
temperature was 3° C below the water-bath

temperature, and after 20 min it had reached the
same temperature. The temperature was constant
during the elution.

More than 80 per cent of the known antibodies
were recovered at 56° C. Only smaller amounts of
the natural antibodies were eluted at 45° C,
Examination of the sensitized erythrocytes using
FITC conjugated antisera showed a spotted mem.
brane staining of the sensitized erythrocytes, and no
change was observed in the staining after elution a
37 or 45° C. No staining was visible on unsensi-
2ed cells or sensitized cells treated at 56° C.

To check the reproducibility of the elution
procedure, 9 of the tumours were eluted twice or
more. One tumour was tested 4 times and the
eluates gave a mean value of 51 mg IgG/kg wet
tissue homogenate in a range from 40 to 66. Similar
results were obtained using the other tumours,
resulting in IgG quantities ranging from 10 to 180
mg/kg wet tissue. The tissue was weighed after the
elution. Less than 5 per cent of the tissue was lost
during the elution procedure.

Agglutinins in Sera and Extracts

Agglutinins to rabbit erythrocytes were detected
in the sera, both of IgG and IgM class, as previously
(13). The ratio of titre of the IgG antibodies to the
concentration of IgG was similar in the serum and
the corresponding extracts, both using normal and
malignant tissue.

Eluates of Malignant Tissue

Extracts of all the tumours contained detectable
amounts of IgG and agglutinins to rabbit erythrocy-
tes as previously described (15). Further, 1gG was
found in all the eluates, and most IgG was eluted :{f
56°C. With regard to the agglutinins to rabbit
erythrocytes, 4 different patterns appeared, repre-
sented by the 4 carcinomas listed in Table 2. The
calculated ratio of agglutinins to IgG in the extracts

TABLE 2. Titres of Aggluimns to Rabbit Erythrocytes and Concentrations of IgG in Exiracts and Etuates of 4

Carcinomas

Extract Eluate 37°C Eluate 45°C Eluate 56°C

Origin of Localt-

i) ti
carcinoma BN e IGY Twe TGt Tue  IG  Twe 16
inorigh tuny 4 250 <l 30 <1 50 <1 200
Auncerainorigin - tn 16 350 <1 <125 <1 32 2110
Bmlonhus Kkidney 32 600 ! 2! 2 28 H e
g'.’,"’“hus tiver 8 350 <l <125 <I 51 <l 55
roncl

2 mg/1 of extract or eluate.
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the TgG associated with these tumours are non-
speafically bound as IgG antibodies to rabbit
erythrocytes were detected in eluates from 4
tumours In the eluates of 2 of the tumours {C+F,
Table 3), there was a similar ratio of agglutinins 10
1G {pattern C, Table 2) indicating & predominance
of non-spectfically bound IgG. In the eluates from 2
other tumours (B +1I, there was a reduced ratio
{pattern B), indicating both specifically and non-
speafically bound [gG. In the remaming 9 tumours,
the 1sG concentration Was too low m 8 for
agglutinis to be detected, and in 1 (A) there was a
hugh 3G ion without indica-

Presented in part at the 8. Annual Meeting of the
Scandinavian Society for {mmunology, Turkv, Finland,
May 25-27, 1977 (Abstract published in Scand. 1
Immunol 6 {198 (1977}

Dr. Finn Wesenberg is a fellow of The Norwegian
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no C.01.044). We thank Miss Wibecke Aasnces and
Mrs. Turd Tynmng for excellent technical assistance
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TABLE 4, Mode Titres af Aggluti

10 Rabbit Erythrocytes and Cc

of IgG in Extracts and Eluates of

Normal Organs
Extract Eluate 37°C 3
Normal organs Eluate 45°C Eluate 56°C Tostigch
Titre 1sG2 Titre 1G> Titre 1gGa Titre 1sG*

A kidney 16 550 <1 <125 <1 <123 <1 <

i . . 125 <15
Ativer 8 250 <1 <125 <1 <125 <t <iLs <15
Aspleen 8 270 <1 <I2.5 <1 <125 <i <12.5 <15
B kidney 4 1o 1 22 2 65 4 110 30
Cstomach 8 550 <1 16 <1 21 i 80 30
Clung 4 300 <1 <125 <1 14 1 5 25
Dr.nuscle 8 170 <1 <125 <1 <125 1 k2] 10
E liver 2 250 <1 <125 <1 <i25 <l <125 <15
Aperson age 20 years.
B.C.D.Epersons aged 50-60 years.
2mg/l.

b mg/kg wet homogenized tissue.

both in extract and in the eluates where the
agglutinins were found.

DISCUSSION
We have compared some of the techniques used for
d

eluant, can explain the low recovery of 1gG.
However, it is difficult to achieve the advantage by
monitoring the elution process as obtained with the
column procedure.
We have previously reported (15) that aggluti-
nins to rabbit erythrocytes found in extracts ©
li and normal human tissues are identically

elution of i fobulins from hc

tissues. The most extensive elution was obtained at
56° C when the tissue was suspended in @
continuous flow of PBS as compared to the batch
elution: up to a ninefold increase of quanuty of IgG
was obtained No more 18G could subsequently be
released from this tissue using any of the other
methods. Since elution with PBS at 56° Cis 2 gentle
treatment of the tissue, and dialysis is unnecessary.
the described procedure was preferred. Further, pre-
treatment with DNase and collagenase had no
influence on the results The temperature rose
quickly inside the column after incubation was
started, and remamed constant during the elution
procedure. Less than 5 per cent of the tissue was
lost. Antibodies coated on formaliized erythrocytes
were mainly efuted at 56° C. However, a smaller
amount of the natural antibodies to rabbit erythro-
cytes was also eluted at 45° C, perhaps because of
lower avidity of these antibodies. Elution of the
same type of tissue several times gave an acceptable
reproducibility. The elution procedure described
should therefore be an improvement campared “;
other techniques used. However, we are aware e?i
that the batch procedure Was not fully m‘vesus;‘\l -
The loss of smalles fragments By washing Of the
tissue at 1,000 X & and the use of small volumes o
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10 the naturally occurring IgG antibodies t©© rabbit
erythrocytes found in serum. These antibodies have
16 allo- or auto-reactivity (13). One can then efther
compare the ratio of IgG concentrations in eluates,
extracts and serum or in different extracts to the
ratio of corr titre of inins; or oné
can compare the ratio of titre of agglutinins to the
concentrations of IgG in serum, extracts or eluates,
witich we have chosen as most convenient.

The ratio of aggluunins {igG antibodies) to 186G
was sipular in serum and corresponding extracts.
The ratio was constant using extracts from different
organs from the same person, but differed from
person to person. Swmce IgM antibodies have not
been detected in extracts (15), the extracts were
considered representative for the [gG in (ke
extracellular compartment of the tissue. These
agglutinins can therefore be used as marker
antibodies for non-specifically bound 1gG tissue
eluates. By comparing the ratio of agglutimns 10
15G in extracts and eluates, the amount of nom
specifically bound IgG can be esumated

12G was eluted from all the malignant tissues as
previously (11) The amount varied to 2 large
degree, but the malgnant tissue contined more 1§G
than most of the normal tissues. Evidently some of
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Thurteen sohd tumours were tested for Foy receptors (FcR) usmg ussue sections and sheep erythrocytes
sensitized with rabbit anubodies as 1ndicator cells No alteraton was found in FcR acuviy (FcRA)
between untreated tissue and tissue homogenized for 2 min or less More extensive homogemizauon
abolished the FcRA Tissues homogenized for 1 min were washed at 4° C and eluted at 37, 45 and
$6° C The FcRA was not altered after elution at 37 and 45° C However, elution at 56° C abohished
the acuvity indicating that the FcR were either eluted or destroyed Tumours which showed a diffuse
pattern of FeRA and no non-speafically bound 1gG displayed an 1nverse relationship between the
FRA and the eluted 1pG. Such Telauonstp was not found wih tumours conaimng non-speaificatly

bound 1gG
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There 15 2 large body of evidence showing the
existence of tumour-assocated immunoglobulins,
butif these bound

less, human tumour-associated FcR can bind IgG.
Tonder et al. (12) found ap mverse relationship
between the amount of 1gG on tumour cells in

10 tumour associated antigens have not always been
adequately determined {for review, see refs 9 and
15) Howewer. non-related tmmune complexes can
bind to cells from a non-lympho:d murine tumour
(. and 1o buman acute myelow leukaemic
leucocytes (7} Further. non-speaifically bound IgG
<an be eluted from human solid tumours {14)

The question therefore arose whether the non-
specifically bound 186G was attached to the Fey
teceptor (FcR) associated with the malignant tissue.
As the FcR-bearing cells 1n munne sold tumoucs
can be of host enigwn (5). and the FcR activity
{FCRA) can be used as a reliable marker for
Quanufication of infiltrating host cells (4), the non-
related 1gG can be bound to the host cells (1),

However. there 1s sull a question whether only
bost nfiltratng mononuclear cells in human solid
tumours are the FcR-beanng cells or whether the
malignant cells also carry the receptor. Neverthe-

and the FcRA in tissue sections,
mdicating that the IgG binds with the F¢ part to the
cells and blocks the binding of the indicator cells.

The present study was designed to investigate
whether there was any relationship between the
amount of 1gG eluted from the tissue and the FeRA
in corresponding tissue sections.

MATERIALS AND METHODS

Tissue Specmens from 2 fibrosarcormas and a total of
1 cartinomas from the colon, breast, bronchus, ovary,
endometrium, cervix and bladder, of which 3 ncluded
both primary and secondary depostts, as well as normat
Liver u'xd spleent, were the same tissues as used previousty
18) Necrouc tissue was carefully removed and discar-
d_ed‘ and suitable pieces of the ssue were frozen in iquid
Dilrogen and mounted on specimen holders for the
Preparation of ussue sections. The Temamder of the
tussues were frozen and stored a1 ~25° C.,
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TAR| Adsorption of EA9 to Sections of Tissue Sediments from a Carcnoma of the Colon Eluted at Differing
of fr
LE 2 rption of

Agglutinating units of A on EA

Tissue

2 1 % %
Untreated 4+ ++ + N
Homb) b+ + + -
Hom + washedat 4°C 4. -+ : -
Hom + eluted at37°C +++ + + :
Hom + eluted at45°C + 4+ ++ :

Hom + eluted at56°C -

& sheep erythrocytes (E) sensitzed with varying amounts of rabbit antibodies {A)

¥ ussue homogenized for % mn.

change the activity. Longer homogenization of the
ussue partly abolished the actity, and after 8 min
10 acuvity remaned Disruption of the tissue i a
bactennal press always abolished the FCRA 1n the
Ussue Sprmitar results were obtamed with normal
and mabignant tissues. This implies that for the
¢lution expertment the tissue should be homogeni-
2 for less than 2 min 1n order to preserve the
FeRA.
FeRA in eluted nissue '

adsorbed EA: some gave diffuse, other a focal
pattern.

When the FcRA in tissue sections from aff the
tumours was plotied against the total amount of
eluted 1gG, no definute relationship was found (Fig
12). However, the 2 tumours (of which 1 tumour is
both primary and secondary, both results plotted)
which had predomimantly mnon-specifically bound
1gG, adsorbed EA sensitrzed with e and Y,

ussue was subjected to heat elution and tested for
FeRA Representative results from one such expers-
ment are shown 1n Table 2. The FcRA did not
change sigmificantly between untreated ussue and
ssue homogenized, washed or eluted at 37° C or
45°C However. after treatment at 56° C no FcRA
$as retaed  Simular results were obtamed with
normal fner and spleen.

Agglutination of rabbi enthrootes When sec-
Uons of untreated tissue were tested for agglutina.
Uon of rabbit erythrocytes, aggluunates ranging
fom 3+ 10 1+ were observed (13). Most of the
Ussues gave a 2+ reaction. No agglutinates were

ned on sections of homogenzed, washed or
¢hted ussue Three of the tumours adsorbed
ythrocytes to a shight degree No difference was
found whether the tssue was untreated, homogeni-
4. washed or eluted No erythrocyles were
attached after 24 h at 4°C

Relation betwoen FCRA and eluted 1gG The
FeRA 1n sections from untreated ussue differed
Between the tumours. as did the pattern of the

unit, despite that 1 of the tumours had
3 times as much IgG in the efuate as the other. The
2 tumours having both non-specifically and specifi-
cally bound 1gG, adsorbed EA sensitized with ¥
and , agglutinating unit, and again I of them had
3 umes as much 1gG 1 the eluate as the other. The
6 caranomas (2 of them both primary and
secondary, both results ploted) containing ro non-
speaifically bound 1gG, but where the 128G concen-
trations in the eluates were too low for agglutinins
to be found, had a tendency to group along the line,
indicating an mverse relationship between free FcR
and eluted IgG (broken line, Fig Ib) This tendency
Was especially marked in the 3 tumours {1 of them
boq: primary and secondary, both esults plotted)
which had a diffuse pattern of adsorbed EA (unbro-
¥en line Fig. 1b), The 2 fibrosarcomas showed a
direct relationship betw eent free FeR and eluted IeG.
There was no difference in the results obtamed
UsIng primary tumours or their seconda

Normal tiver and spleen had no delectarl}:'le lgG“iSr;
:;l;ldujus. and these results were therefore not



1, .

d tissue, Hi of the tissue in
phosphate buffered saline pH 7.2 (PBS) and preparing of
extracts was done as previously (13, 14), using a Servall
Omnimixer with the container in an jce-water bath.
Disruption of the tissue was also done with an X-press
(2). The press containing pieces of tissue was stored at —
25° C for more than 12 h followed by 30 min at=70° C
before disruption.

Demonstration of FcRA in fissue sections. The
procedure with frozen tissue sections was the same as
that described by Tonder et al. (11) using the closed
chamber technique. The indicator cells (EA) were sheep
erythrocytes (E) with rabbit [gG ies (A)
in varying amounts expressed as agglutinating units. One
agglutinating unit is defined as the amount of the highest
dilution of antiserum which agglutinates an equal
amount of a 1 per cent suspension of E. The indicator
cells were suspended to a | per cent suspension in PBS
containing J; per cent normal rabbit serum. The
concavity of a microculture slide was fitled with the EA.
A large coverglass with a cryostat section of the tissue
was placed over the concavity. The shide was inverted to
allow the EA to settls onto the section, and was
incubated for 30 min at room temperature. The slide was
then turned and left for the detachment of indicator cells
from the glass and non-reactive tissue, and the degree of
haemadsorption {(++ +, ++, +, —) was recorded
microscopically when the glass around the tissue was
free of erythrocytes.

The grading of the FcRA was recorded by referring to
the highest dilution of A used to prepare EA which gave
reaction.

Homogenized, disrupted and eluted tissue was centri-
fuged for 10 mun at 1000 x g The sediment was frozen
at =25° C and mounted on specimen holders Cryostat
sections were made as described above

Aggluttnation of rabbuit erythrocytes Agglutination of
rabbil erythrocytes on ussue sections using the closed
chambers or ‘open’ glass shdes, and agglutination of

TABLE 1. Adsorpuion of EA® 1o Sections of Tissue Sedunents from a Carcimoma of the Colon Using

rabbit erythrocytes in tubes and antiglobulin titre were
recorded as previously (13, 14).

Tissue eluates. Heat eluates of homogenized tissues
from the 13 tumours, spleen and liver, were the same as
used previously (14). In brief, the eluates were made by
suspending the homogenized tissue in PBS between
glass-fiber filters in a short glass column. The tissue
suspension was washed at 4° C and eluted at 37, 45 and
56° C successively in a continuous flow of PBS
containing 0.05 per cent of Na-azide. After each siep.
small parts of the tissue were removed from the column
and tested for FcRA. The eluates were concentrated and
the IgG was quantified using the single radial immuno-
diffusion technique using commercial agar plates (Beh-
ringwerke A.G., Marburg-Lahn, West Germany) The
titre of agglutinins to rabbit erythrocytes were recorded,
as these agglutinins are identical to the natural occurring
serum IgG antibodies (13), and served as the marker-
antibodies for non-specifically bound IgG. By comparing
the ratio of the titre of agglutinins to the concentration of
1gG (mg/1) in etuates and extracts, the degree of non-
specifically bound IgG could be estimated Of the 13
tumours, agglutinins were detected in 4, of which 2 had
the same ratio 1n the eluates as in the extract, idicating 2
predominance of non-specifically bound 1gG and 2 had
reduced ratio, indicating the presence of both spccnf"lc\ll)’
and non-specifically bound IgG Of the remaining 9
tumours, 8 ined no ble non-specificall
bound 12G, but the concentration of IgG in the eluates
was too low for agglutinins to be detected, and ond

tumour contained large amounts of 1gG but no marker
indicating a of speaifically

bound IgG eluted
RESULTS

FcRA in homogenized tissue. Tissue homogenized
for %, 1,2, 4,and 8 min was tested for FCRA (Ta-
ble ). Homogenization for up to 2 mun did not

Dyffering

Disrupiion Procedures

Agglutinating units of A on EA

Tissue preparations
2 ] Y v
Untreated + o+ .+ . _
N + + + -
mized for. J; mun + -

Homose I min e . :
2 min + o+ o+ ++ - _
4 min + + - -

8 min -

»Pressed«®

nsitized with

{E)se
2 sheep erythrocytes o aress Xepress).

b tissue dissupted ina bacte!

260

varying amounts of rabbit antibodies (A)



Where non-specifically bound IgG was found,

o

. Edebo, L A

new press for the disruption of
and other cells 3 biochem micro-

the tissues had rather high FcRA i 'of the
15G eluted This means that 1) the non-spemﬁmlly
bound 1gG are not attached to the FcR as indicated
above, 2) Shedded FcR (3, 6, 8) could bind to the
spectfically bound IgG on tumour cells, and if the
receptors are polyvalent (6}, they could bind non-
related 1gG, as well as indicator cells This would
give 2 high or low content of both [3G and marker
antibodies, depending on the amount of the
specifically bound 1gG, and would, if free FCR were
sulf avadable, adsorb EA 10 a high degree. This
agrees with the results presented here. 3) The FcR
detected 1 tissue sections could also be internal
FcR, and 1f they have not bound IgG since they are
not exposed to them s vivo, there would be no
relation between FCRA and eluted 1gG.

The FcRA was similar 1n pnmary tumours and
their secondary deposits, supporting our findings
(14) that larger secondary tumours can be used in
our experiments

Rabbit erythrocytes were agglutinated on all
untreated tissue sections, SUPpOTting previous re-
sults (13), but none of the homogenized, washed or
eluted tissues had this activity. With regard to the 3
tumours which adsorbed rabbit erythrocytes to a
slight degree, no relationstup was found to the I5G
content or to markey antibodies in the ejuates, and
the eluted tissues behaved similarly to the untreated
tissues Hypothetscally, non-specifically bound 1gG
with specrficity for rabbit erythrocytes could bind
these erythrocytes.

Tn conclusion, the tumour-associated IgG can be
1) specifically bound to tumour associated antigens
{reviewed n 9 and 15), 2) non-speaifically bound to
FeR in the tissue, and 3) non-specifically bound but
not attached to FeR

Presented 1n part at the 4th European Immurnology Meet-
1ng. Budapest, | 2th-14th April 1978

Dr F Wesenberg 1s a fellow of the Noregian Re-
search Council for Science and the Humanires (gsant po
C0103-3)
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a}  Amount of eluted IgG 1n mg/kg wet tissue plotted
against Fcy receptor activity 1n sections of the same
tumours from |1 carcmomas and wwo fibrosarco-
mas. Diffuse (D) and focal (F) attachment of EA to
tissue sections.

O marker anubodies eluted 1n the same ratio as i
extract, indicating a predomtnance of non-specifi-
cally bound IgG

® marker antibodies eluted 1n reduced ratio compared
to extract, indicating both specifically and non-
specifically bound 1gG

A: marker not found,

nance of specifically bound IgG

. marker antibodies not found. but the 1gG concentra-

tion too low for marker antibodies to be found.

- fibrosarcomas. but results as for &

Three of the tumours were both primary (P) and
secondary {(S).

b) Asa), but only A plotted
Broken fine. median values of all the tumours
Unbroken line: median values of the tumours which

gave D attachment

d, a pred

»

DISCUSSION
tained showed that the FCRA within
when the tissue was homosge-
min, or when the tissue was
press. To retain the activity

The results ob
tumours disappeared
nized for more than 8

disrupted in a bacterial
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in the tissue, careful treatment is necessary. | have
chosen extensive mincing with scissors and homo-
genization for [-1% min. The FcRA was then
always unchanged in homogenized tissue compared
to untreated tissue,

There was no increase in the FcRA in the tissue
sections after elution at 37° and 45° C in any of the
tumours investigated, although IgG, and in 2
tumours also non-specifically bound [gG, was
eluted at 37° and 45° C (14). From 11 of the
tumours too httle IgG was eluted for the dstection
of non-specifically bound IgG. After elution of the
tissue at 56° C no FcRA was retained. This is
consistent with previous findings of Ténder &
Thunold (10) who found no activity in tissue
sections left in PBS at 56° C. However, we found
large amounts of IgG in the eluates, and also non-
specifically bound IgG in 4 tumours (14). This
implies that 1) the FcR associated with the tissue is
either eluted with the IgG or destroyed. The former
interpretation is most likely, since the FcRA found
in supernatants from human Iymphocytes in
cultures are resistant to 56° C (6). Other possible
explanations are that 2) the non-specifically bound
1gG is not attached to the FcR, or 3) the indicator
system was not sensitive enough to detect small
quantitative differences of FCRA.

The FcRA in normal liver and spleen behaved as
that in malignant tissue. However, the eluates frm.n
liver and spleen contained neither IgG nor aggluti-
nins (14). The FcR-bearing cells in these organs
apparently have no IgG bound to them. These
results support the interpretations that the non-
specifically bound IgG 1n the malignant tissue are
not attached to the FcR on host cells. .

Tonder et al. (12) found an nverse relationship
between the amount of 1gG on tumour cells in
suspensions and the FcRA 1n tissue sections in 7 out
of 10 tumours, indicating that the IgG bound to the
tissue blocks the binding of the indicator cells 1
found an inverse relationship between eluted 186G
and FcRA 1 only 3 out of 13 tumours, but the
amount of eluted IgG in these 3 tumours were 100
low for non-specifically bound IgG to be detected.

Fig. la shows that the result obtained using the
tumour from which we have indicated that 2

predominance of specifically bound IgG was eluted,

also would be found at the fine plotted in Fig. 15
But since FcR react stronger with Fc in antigen-

ibod: or d IgG than witk
monomeric IgG {10, 1)), antigen-antibody com-
plexcs are preferable to the marher antibodies [ ha\'}:
used. This tumour could therefore have a predomi-
nance of antigen-antibody complexes attached. But
since only 1 tumour shows this pattern, the results
are not presented in Fig. 1b.
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DETERMINATION OF CARCINOEMBRYONIC
ANTIGEN (CEA):
COMPARISON OF TWO DIFFERENT ASSAYS

HARALD ORJASETER

Natonal tuswtute of Public Health, Department of Immunology, Oslo, Norway

Onaszier. H Determination of carcinoembryonic antigen (CEA) comparison of two differsnt assays
Atia path microbiot scand Sect. C. 86 265-275, 1978

A companison was made of CEA determination by the CEA-RIAKIT and our shghtly madified CEA-
Roche assays The normal levels (mean + 2 SD) found 1n 63 blood donors were 2.3 pg/l and 3.3 g/,
respectnely The inter-assay reproducibility was simular in the range below |5 pg/l, with vanations
from 03 pg/l (1 SD, < § pg/D 10 V4 pg/l (1 SD, 10-15 pg/1} Both methods measured CEA
concentrations down to 1 pg/l The ability of the two assays to disciminate between positive and
oegatne values 1n patients with urogenmal and gastrowtestinal cancer was simitar. The response to
recurrences of colorectal carcinoma was also stmular, and the CEA fluctuation was parallel after
surgery The CEA-Roche assay generafly showed good correlation between measured and theoretcal
values at both low and high Jevels Under our test conditions, the disparity between indirect and direct
walues was 14 pg/l & & (o = 4) 1 the cange 18-32 yg/L and this must be taken 1o consideration
18 wnterpreting the CEA-Roche test The CEA-RIAKIT measured too low values as compared to both
the CEA-Roche and the theoreucal values The discrepancy wcreased with mcreasing CEA valves, and
the ability to disunguish between high CEA concentrauons (>15 pg/l} was poor The explanation
seems 10 be that the anu-CEA sera used In this assay show a lower affinity for plasma CEA than for

betwcen sample CEA and CEA used for
alibrauon of the siandard curves must be considered 1 evaluation of CEA assays

ey words Carcioembryome Anugen-Assays

H Orjaszeer Sutens Tnsutun for Folkehelse. Postuttak. Oslo 1. Norway
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In our previous studies of plasma CEA we used a
dightly modified CEA-Roche assay (8, 9. 27, 28).
However this 1s ume-consuming and \he procedure
s slow due 10 a long period of dialysis Although
dialysis can be avoided and the turn-around tme
@a be reduced by introducuon of a special filtration
techmgque this does not reduce the laboratory work
sigmificantly (27) The dispanty between values
obuuned by the mdirect and the durect CEA-Roche
assay further complicates the use of this assay (10,
1 14.19)

Introducuon of a new CEA assay. 15 therefore of
great nterest However, further evaluayon and
comparison with well known assays are needed,
before a new assay can be adapted 10 an estab),

voutine. Comparable results are important in serial
determinations for early detection of Tecusrences
(16, 26) which may 1nutiate second-Jook operations
Q3. 15, 22), as well as for monitoring radio- or
chemotherapy (6, 23).

In this study, our modified CEA-Roche assay
and the new CEA-RIAKIT (Abbott) were evaluated
further and compared Comparison was made of the
normal reference level, the reproducibilnty and
cncer disciminatory ability, as well as the early
response to recurrences, and the correlation between
measured and theoretical values was studied. The
study indicates that immunochemicat dhifferences
between sample CEA and CEA used 1n the
m:bgzx:oq of Standard curves must be taken into

n of CEA tests.
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"Darect CEA-Roche assay. the others w ere performed by the 1ndirect assay.
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Fig. 1. Comparison af d and
metastasis from a colonic adenocarctnoma Twofold diluttons were made mn human AB plasma w1t
o Dulution on which the calculation of CEA values 1s based (mean =7 pg/l. n=10)

——A: CEA-Roche assay. direct method.

_—-B  CEA-Roche assay, indirect method

- CEA-RIAKIT assay

Fig. 2. Correlation between the indirect CEA-Roche and CEA-RIAKIT measurements

—_— Reference samples {Roche). . )
__~  Dilutions of PCA extract of liver metastasis from a colonic adenocarcinoma
Four different plasma samples from patients with adenocarcinoma tested in different ddutions

b
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Eighs pauients were monttored by means of sersal
CEA determinauons 1o detect early recurrence. response
1 therapy or other Muctuations 1 the CEA level The
Patiens were selected because of variatons 1n CEA level
deiocted by our CEA-Roche assay The CEA-RIAKIT
tevts were performed Yaler on the same samples Six of
the panents had recurrence of colorectal carcinoma,
confirmed by sccond-loak operation 1n five cases and by
chimcal examinauons tn one One patient had lver
arthosis with exceptionally ugh CEA levet but without
any evidence of mahignancy and one patient with high
CEA level had been under obseration for mahgnant
diease for 2 years

The indiret CEA-Roche test Was performed as
tecommended., except for minor modifications described
ehewhere (9. 27. 28) Both CEA-standard tubes and the
samples were subyected to Kentieal procedures, including

200 300
CALCULATED VALUES

500
CEAyg/1

PCA exwracion The sandard soluuon was prepared
from PCA extract of hiver metastasss from a colonic
carcinoma diluted 1n normal human plasma 125) CEA
and anu-CEA reagents were from the CEA-Roche kit
Separation of CEA and anu-CEA complexes was
performed by the Z-gel method of ffansen e1 af 5) The
direct CEA-Roche test (without PCA exteaction) was
used to measure CEA concentrations higher than 20 g /]

Twelve CEA-RIAKITs were used MNos 10910115
The assay was performed according 10 the instruction for
the one-step sandwich method PCA extraction was not
used. but the samples were diluted 1n 02 M acetate
buffer, pH 5 0. and heat-treated to remove substances
which might influence the CEA determination. The heat-
treated plasma was incubated with paperdisc coupled
anu-CEA and free 1255 an-CEA. Separation of the
tabelled completes fixed 1o the paperdisc was made by a



CEA pg/l
120

10

100

90

80

70

60

50

MEASURED VALUES

40

30

20

CALCULATED VALUES

I
80 90 o Mmoo 2
CEA pg/t

) values of CEA tn dilutions of four plasma samples

Fig. 3 4 Companson of d and
from patients with colonic a
Companison of higher values 1s shown in Fig 3B.
—— A CEA-Roche assay, direct method

—— B. CEA-Roche assay, indirect method
CEA-RIAKIT assay

MATERIAL AND METHODS

med from Apn! to November
rence level was determined in
apparently healthy blood
fy CEA was studied 1n four

This study was perfor:
1977. The normal refe
plasma samples from 63
donors. The ability to quant
plasma samptes with tigh CEA fevels collected from
patients with colorectal carcinoma. hl)ur reference
samples {R) and one sample of perchloric a'ad (PC.:\)
extract of liser metastasis from a colonic carcinoma (K}
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denocarctnoma Twofold dilutions were made 1n human AB plasma w

ith low CEA level

ed with the CEA-
L2140 AL 2240 A
CEA mued with
from colorectal

The reference samples (R) were defner
Roche kit {control samples No 2040 A
and 2340 A), these consist of plasma
CEA from extract of Iner metastasss
carcinoma

The values obtained by the two assays were com
1 115 patenis Seventy-six had gastrointestinal malig-
nancies — the majority colorectal carcinoma = and 39 had
wrogenital twmours, most of which were carcnoma of
the uterne cervix

pared
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Eight patients were monitored by means of serial
CEA determinauons to detect early recurrence. response
19 therapy or other fluctuations in the CEA level The
Patients were selected because of variations in CEA level
detected by our CEA-Roche assay The CEA-RIAKIT
145 mere performed fater on the same samples Six of
e patents had recurrence of colorectal carcinoma,
confirmed by second look operation in five cases and by
thncal ecamnauons i one One pauent had lner
rhosss wath exceptionally high CEA level but without
a0y vidence of malignancy and one patient with high
CF A level hag been under obsenation for mahignant
dnense for 2 years

The inditect CEA-Roche test was performed as
feommended. except for minor modificauons described
ehemhere 9, 27, 28) Both CEA-standard wbes and the
samples were subjocted to identucal procedures, including

500
CEApg/L

PCA extracion The siandard solution was prepared
from PCA extract of hver mewstasis from a colomc
carcinoma diluted m normal human plasma 125] CEA
and 20u-CEA reagents were from the CEA-Roche kit
Separauon of CEA and anu-CEA complexss was
performed by the Z-gel method of Hansen et af (5) The
direct CEA-Roche test {without PCA extraction) was
used to measure CEA concentrations higher than 20 vefl
Twelve CEA-RIAKITS were used {Nos 109 w119
The assay was performed according to the imstruction for
the one-step sandwich method PCA extracuon was not
used, but the samples were difuted 1 02 M acewte
buffer. pH 50, and heat-treated 1o remove substances
which might influence the CEA determinauon. The heat-
treated plasma was incubated w.
ant-CEA and free 123} any-Cf
labelled complexes fixed 10 the

ith paperdise coupled
EA. Separauon of the
Pperdisc was made by 2
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i t Carcinoma
TABLE 2. Discrumnation betneen Positne und Negatrve Results tn Urogemital and Gastrointestinal Ca

-genit Gastro-intestinal Total
A-Roch Uro-genital o
CEARe =/CEA-RIAKIT carcinoma carcinoma
Results No of patients No of patients
7 37 a4
t;: 3t 3 62
+/- 1 ] ;
=+ 0 2
39 76 1s

% asting procedure Thus. the two methods are based on
different principles. and different procedures are used to
separate the immune complexes

The tumour ussue extract was diluted with human AB
Plasma of low CEA level (< | g/l before being tested.
and all serial dilutions of ussue extracts as well as plasma
samples Were made 1n this AB plasma Catculation of the
Wheoretical values of CEA was based on

reference samples, which contain plasma CEA as
well as CEA from tumour tissues had values lying
between those of the tumour exiract and plasma
samples

Determinations  with the CEA-Roche assay
correlate well with the calculated values over a wide

by our CEA-Roche assay All samples were siored at —
%0

The normal reference levels were calculated as means
*+ 2 standard deviauons (SD) Reproducibility was grven
I pg/l corresponding to mean * | SD The hinear
fegression hine and Bravais-Pearson correlaton coeffici-
€ntr) were adopted o show the degree of relauonship
bereen CEA-Roche and CEA-RIAKIT values 1 the
1% range of measurement (< 20 pg /1)

RESULTS

The mean CEA value i plasma of the 63 blood
donors was 17 pg/t * 080 measured by our
modified CEA-Roche assay and | 2 pefl £ 055
by the CEA-RIAKIT The normal reference levels
were 33 and 23 pgfi respecuvely Inter-assay
determnations of reference samples (R} and tumour
extract dilutions (K) are shown 1n Table | and Fig
1 The indirect CEA-Roche values correspond well
with both reference and calculated values. w hile too
high ralues were found with both CEA-RIAKIT
and the direct CEA-Roche assays The reproduciby.
uty of the (%o assays was suntlar in the low range
£< 15 pg/1) of emeasurements where the two assays
could be compared
16 Contrast to the high CEA values measured
with the CEA-RIAKIT in tumour extract were the
relatnely low values found 1n plasma samples (Fig,
) 1a spite of some sarizuon in the four plasma
samples. they all had tow levels compared with the
results found by the indirecy CEA-Roche assay The

range of {Fig. 3). but too low values
were found by the CEA-RIAKIT in these samples
All samples showed disparities betw een the indirect
and direct CEA-Roche values A mean of I8 pell
% 4 found by the indirect method corresponded to
32 pg/t = 5.5 by the direct method. This 1s due to
elevauon in the low range of the direct assay. as wejl
2s 10 a tendency for too low values to appear in the
upper range of the indrect assay,

The CEA-RIAKIT values correlate fairly well
with those of the indirect CEA-Roche assay {r =
0.80 for CEA < 20 wg/D, but different ability 1o
disttnguish betw een increasing CEA levels strongly
influenced the correlauon at high levels {Fig. 4)

The ability of the two 235ays 10 discnminate
betheen positive 2nd negatise values m pauents
with 2n i was
similar, though there was a tendency (not signifi-
cant) for more positive values to be found by the
CEA-Roche assay (Table 2)

In Fig. 5 the response of the two assays ta early
Tecurrence fmd 10 surgical treatmeny of colorectal
camnon?z Is compared In all caseg the response
Was similar Also the two Patients without known
malignant disease had elevated values both
assays
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6). A sample which measured 20 pg/1 undiluted
was estimated at about 3000 pg/l when tested in
dilutions between 1 /50~1/500. This compares (o a
CEA-Roche value of about 7000 pg/l. All the
readings in these experiments were based on the
accepted part of the standard curve.

DISCUSSION

Under our test conditions, the disparity between
indirect and direct CEA-Roche plasma values was
14 ug/1 = 8 (n=4) in the range between 18-32
pg/l. This is less than those stated in most other
reports {10, 11, 14,19). In other studies we have
noticed higher disparities in some samples from
cancer patients, as would be expected if high level of
glycoproteins or cross-reacting materials present in
the non-extracted sample had influenced the reac-
tion {12, 28). It may also be due to differences in
preparation of CEA-standards and adjustment of
standard curves, The interpretation of exact plasma
values will be impossible between 20-50 pg/1, but
such high CEA values are in any event indicative of
a large tumour mass or metastases (13), and an
exact CEA value is of less importance. In the other
ranges of measurements, our CEA-Roche assay
shows good correlations with the theoretical values,

this, the level measured in plasma samples never
exceeded 40 pg/l, even in samples with CEA
concentrations of 3000 pg/1 or more. This was in
contrast to the high values measured in fumour
extract. It is untikely that the sandwich method as
used in the CEA-RIAKIT should be responsible as
such for the low plasma values, without effecting
the results in tissue extract or standard curve. The
different principle used for separation of radiolabel-
led complexes would also affect equally both
standard curves and measurements in tissue ex-
tracts. The effect of the heating procedure was not
studied and we cannot exclude some dilference as
compared to the PCA extraction. However, the
same heating procedure was used with tissue extract
after dilution with human plasma, and thus the
selective decrease of plasma CEA values cannot be
explained,

The most likely explanation would be that the
antibody system in the CEA-RIAKIT assay has low
affinity for plasma CEA as compared to lumour-
extracted CEA Immunochemical variation and
heterogeneity are well known in CEA preparations
(4, 12), and dilferences between plasma and
tumour-extracted CEA have been observed in a
study with radioimmuno-assay (25) Such difTeren-
ces must be considered when test systems for CEA

which will allow monitoring of radie- or }
rapy in patients with high CEA levels.

Our CEA-Roche assay has proved valuable for
early detection of recurrences, as well as for
datection of rest tumours after surgery (13). The
CEA-RIAKIT was similar in this respect. but the
fluctuation was less marked. and a sigmficant
increase may be more difficult to detect with this
assay. The CEA-RIAKIT did not distingwish weil
between high concentrations of CEA, and therefore
seems to be less suitable for monitoring patients on
radio- or chemotherapy

The normal reference level was slightly lower
with the CEA-RIAKIT as compared to the CEA-
Roche value, but the ability 1o discriminate between
posive and negative values in urogenttal and
gastrointestinal cancer was sirmfar. CEA-RIAKIT
values of 12 pg/l correspond to 20 pg/l1 by the
CEA-Roche assay. Below these limits the correla-
uon was fairly good (r=0.8), although some
adjustment would be necessary if the two results are
to be compared The findings are in good accordance
with the data reported by Hirai (1), who used a
similar type of assay. At higher levels the respl's
cannot be compared accurately This is due mainly
to the varymng ability of the \wc: :ssr:::s to

1sh between high CEA concentrations.
dls';ltr]‘eg:la:dard curve of the CEA-RIAKIT should
give good measurements up to 100 pg/L In spite of
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deter are and they seem to be of
special interest in assays which use radiolabelled
antibodies. In most CEA assays radiolabelled CEA
preparations have been used and hitle attention has
been focused on immunochemical differences be-
tween plasma and tissue-extracted CEA (1, 2, 3. 7,
17, 18, 20, 21, 24). In all plasma assays. it IS
important that CEA used for calibration of the
standard curve has a reactivity which s sumilar ©©
plasma CEA.

Further improvement of this assay could be
expected if anti-CEA antibodies with a strong
affinity for ptasma CEA could be ntroduced. or ifa
standard curve could be calibrated with plasma
CEA. Another possibility 1s to test diluted samples
In samples with high CEA levels. at least two
different dilutions must be tested to establish the
plateau which gives the right CEA values

We thank Znger-Ledf Svendsen, Rand: Groumold and
Kyerst Holte for skilful technical assistance. and we are
indebted o Sierre Tinnten and Svemn A Skarfsaterlagon
for help with data processing and to Abbort. Disgnositc
Dniston, for providing the CEA-RIAKITS
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Dubetes mellitus induced by low dose treatment with streptozotecin in BALB/c mice was passively
\ransferred to syngeneic recipients with a predomnanty T-lymphocyte fraction of spleen cells. This
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This article describes passive transfer of strepto-
zotocin nduced diabetes mellitus effected by trans-
plants comprised very largely of thymus derived
Iymphocytes (T-lymphocytes) In an earlier study
(Buschard & Rygaard 1977), 1t was found that
chemically 1nduced diabetes mellitus could be
passively transferred by transplant of spleen cells,
and following pretreatment of the gross spleen
extract with antitheta and it appeared

Reciprents Exghty normal male BALB/c/BOM muce,
2nd 14 nude mice (1 1th backcross of a gene transfer to
BALB/c¢/BOM), 6-8 weeks old All the animals were
purchased from G1 Bomholtgaard, Laboratory Animals
Breeding and Research Center, DK-8680 Ry, Denmark.
They were reared and kept under specified pathogen free
(spD) condions. Durng the actual experiments the
ammals were housed 1 pairs 1n Makrolon® type 111
cages at the Patologisk K Insttu, K
?Ibﬂel. Copenhagen  Autoclaved feed pellets (Gi

that the role of the T-lymphocyles was important.

In addition to the passive transfer study as such,
we vaned the number of T-lymphocyles m the
transplant in an attempt to find an optimal for the
actual experimental model

Finally. we made transplants of wradiated T-
Ilymphocytes, and of T-lymphocytes to nude mice to
denve mformation, f possible, about the patho-
physiological mechamsms

MATERIAL AND METHODS
Donors: inety four normal male BALB/¢/ROM mice,

1-8 weeks old Fafty two recened streptozotocin, while
42 Tunctioned as buller injected controls

and stenile drinking water were supplied
ad libtum

The allocation of animals o the different experimental
eroups 1s shown in the tables.

Streptozotocin Treatment and Control

Upsoha (Kalamazoo, Mi, USA) kindly supplied the
streplozotocin Donors were injected ntrapenitoneally
with 40 mg/kg BW sureptozotoc in atrate buffer (pH
4 2) dadly for Nve days —a total dose of 200 mg/kg BW
(ike & Rossimr 1976) Blood sugar on day 9 was
189£10(2 2SEND which s somewhat lower than that
found pres wously after admunstration from other batches
of strepiozotocn (Buschard & Rsgaard 1977, Buschard
& Rygaard 1978) Blood sugar in the bulfer 1njected
-iozmmls 25 982 7. The animals were sacnificed on day
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Ths article describes passive transfer of strepto-
toun induced diabetes mellitus effected by trans-
Plants comprised very largely of thymus derived
‘t);hphoms (T-lymphocytes) In an earhier study

uschard & Rygaard 1977), 1t was found that
hemically induced diabetes mellitus could be
ﬁnely transferred by transplant of spleen cells,

following pretreatment of the gross spleen
U with anttheta and 1t appeared

DK-1399 C

K.

Recprents Eaghty normal male BALB/c/BOM mice,
and 14 nude mice {1 1th backcross of a gene transfer to
BALB/c/BOM). 6-8 weeks old All the amimals were
purchased from Gl Bomholtgaard. Laboratory Ammals
Breeding and Research Center. DK-8680 Ry, Denmark
They were reared and kept under specified pathogen free
(spD} conditons Durng the actual experiments the
anumals were housed m pairs n Makrolon® type Ii
cages at the Patologisk X Tnstatut, K

spitalet, Copenhagen Autoclaved feed pellets (Gl

l!‘zll the role of the T-lymphocytes was important
“n addition to the passive transfer study as such,
h.umd the pumber of T-lymphocytes 1n the
asplant in an attempt to find an optimal for the
¥l experimental model
hvu;ﬂly. we made transplants of irradiated T-
dﬂ;f:ocym;s. and of T-lymphocytes to nude mice to
ormanion, if possible, about the
Fhysiological mechamsms ¢ Pk

MATERIAL AND METHODS

Dime

7\; :ut‘muy four normal mate BALB/c/BOM mice,

Qo old Fifty two recened streptozotocin, while
<uoned 25 bufler injected controls

and stenile drinking water were supplied
ad hbitum

The allocation of ammals to the different experimental
groups 15 shown in the tables

Streptozotocin Treatment and Control

Upjohn (Kalamazoo. M1, USA) kindly supplied the
streptozotocin  Donors were snjected intraperitoneally
with 40 mg/kg BW streptozotocin  citrate buffer (pH
4 2)daily for five days - a total dose of 200 mg/kg BW
tLike & Rossim 1976) Blood sugar on day 9 was
189 = 10 (= 2SEM) which1s somew hat lower than that
found previously alter administration from other batches
of streptozotocin (Buschard & Rygaard 1977, Buschard
& Rypaard 1978) Blood sugar 1n the buffer injected

oo was 9827 The ammals were sacrificed on day
1



T-lvmphocyte Preparation

Immediately after sacrifice of the donors, the spleens
were removed and fine dealt in BSS-buffer with surgical
tweezers. Connective tissue elements were removed, and
the remaining cell material was agitated with a pipette to
effect cell separation. The larger particles were sedimen-
ted on ice for five minutes. The lymphocytes of the
supernatant were isolated by centrifuging for 36 mun at
400 G on a Hypaque-Ficoll gradient (Lymphoprep®,
Nyegaard & Co A/S, Oslo, Norway)a.m Bayum (1968).
Lymphocytes were washed once in buffer, incubated
with 0.83% NHC! in BSS for 8 min at §° C and
washed three times. The resultant was adjusted to give a
lymphocyte concentration of 2x 107/m! in BSS with
10% feml calf serum added.

ion of the lymph was aflfected by
passagc through antimouse immunoglobulin coated
columns {(Rubin & Wigzell 1973). Dr. Bent Rubin,
Statens Seruminstitut, kindly provided the columns,
which were made as follows: Glass beads of 0.2 mm
diameter were coated with a 0.5% solution of mouse
immunoglobulin (MIg) in PBS.

The beads were incubated with the Mg at 45° C for
60 min, and at 4° C overnight. Thereafter they were
carefully introduced into the glass columns ({.5 x 30
cm Pharmacia®) Excess MIg solution was removed, and
the beads washed with twice their volume of PBS. The
column was then filled with rabbit anti-MIJg 10 dilution
1:5. The drain was closed and the column incubated for
two hours at 4° C Thereafter, the antiserum was washed
off, and the suspension of mouse spleen cells (2 x 107
cells/ml} was passed slowly through the column (3 ml/
min approx }

After separation in the column, the resultant T
lymphocytes were washed three times in BSS, and the
cell numbers were counted. Cell recovery after column
passage was up to 44%. The concentration in the
different suspensions was adjusted so that the planned
number of cells could be given in 0 5 ml suspensions,
which were injected intraperitoneally into the recipient
mice. The actual numbers of cells given to animals in the
different groups are shown in the tables.

Irradiation

107 T-lymphocy from both and
control animals were suspended in BSS in concentration
of 2 x 106cells/m! The irradiation was given by an X-
ray therapy unit, exposure 200 R at 200 kV, 1.0§ mm
Cu half value layer. After this treatment viability
counting {trypan blue) showed no dead cells.

Blood Sampling and Testing

Blood for glucose determinations was collected in 25
nl pipettes from the paraorbital venous plevus of
nonfasting animals. Blood glucose levels were determi-
ned enzymatically using glucose oxidase (Cooper 1973}

Statistical Studies

The Mann-Whitney U-test was applied to determine
significance. The confidence limits are shown as + 2
SEM.

RESULTS

Results are shown in detail in the tables and shortly
described in the following:

Table 1. Blood Glucose Values in Normal BALB/ ¢ Recipient Mice after Transfer of T-Lymphoo 165

~lo. of
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N181£24 (D152
P s (B)146x34 (9160238 (B)I85x37 (21245 (N230x4l (D226225 ( !
B (5 7913 (9 90+25 (5) 90+22 (5)103x25 (5108227 (112236 (i03zly (910l
23027 (®)20221]
« S (8160243 (815146 () 177£47 (B)213£58 (8)221260 (8)267240 (B
! B (D212 (109229 (9104222 @ 1I01£15 @) 96212 (@101+13 () 90z 4 () 99212
161224 @ 151217
s 133£21 (G)146%19 (8)144£20 (8155218 (8)170£27 (8213248 () '
’ 153 :2 95217 (&) 86=15 (4) 9216 (4) 9613 (100216 (I1Ix13 (&) 96% S 41012}
26 @152
215 (B)129%13 (136221 (®160x27 (8180539 (8)198236 (R)1742
* : :g:g;ﬂ: ($)1102£31 (410721 (D107=18 (10539 (D126 @123 mie
47 @150
43224 (151236 (9176247 (3183253 (818025 @175« H
7 3 ::;lg:ﬁ g")ﬁﬂ (5) 9413 (5100 7 (5117226 (410925 @110=14 (D110

S: Streptozotocin treatment of donor mice.
B Buffer treatment of donor mice.

Average blood glucose values of mice in mg
group. Blood glucose values

/100 ml = 2 SEM
for day 0. 93=9 mg/100 m!

Number in brackets indicate number of mice in exch



Catle 2. Blood Glucose Values in Nude BALB/c Reciplent Mice after Transfer of T-Lymphocytes

n.of

- Days after transf

1the S/B 2ys after transfer

s 3 days 6 days 9 days 13 days 20 days 39 days 52 days 66 days

s 13631 (134229 (150237 (3188241 (220248 (D191£34 (5165214 () 146x 9
B () 68+ 7 (6) 79£11 (6) 80x10 {6) 88 B (§) 99%12 (NNSx32 (H1Ix19 (H12x18

S Streptozotocin treatment of donor mice
B Buffer treatment of donor mice.

Average blood glucose values of mice inmg/100 ml + 2 SEM. Number in brackets indicate number of mice in each

group

Transfer to Normal Mice

As recorded in Table 1, five groups of mice were
mjected intraperitoneally with, respectively, 103,
104, 105, 1082and 107 T-lymphocytes from strepto-
2olocin treated doners, while comparable control
groups received T-lymphocytes from bufler injected
donors. As early as the third day blood glucose in all
the experimental groups were raised by comparison
with the control groups Most markedly elevated
were blood glucose in the groups which had
received the smaller numbers of cells (in the 107
group p <0 01) Thereafter there was slow increase
1n blood glucose up to about the ninth day at which
tme there was a further rise in blood glucose. The
maumum values were measured at the 3%th day,
except for the 10and 107 group, where maximum
values were measured earlier — on the 20th day. All
experimental groups except the 106-group displayed
significantly higher blood sugar values in at least 7
owt of 8 measurements than did controls{p < 0 0}
In at least 4 measurements of each group). Control
mice of the 105-group died early, not allowing full

Tahle 3 Rload Glumse Valws ao Marmal RALR -

o of
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e §/B
e

3days s 9 days

S (197234
B (H08=z12

[LILIES7)
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[BAILES L)

27232

$ Streptozotoan treatment of donor mice
B Buffer treatment of donor mice
Average blood glucoee Valucs of mice in mg/100 my

%2
sroup Blood ghucoce values for day 0 9329 mgf100 anE“ N

13 days

(3)2852 36
) 112239

significance testing, but p was < 0.05 on both day
6and 13.

It can be seen that the groups receiving fewer
cells (107 and 104) displayed consistently higher
blood sugar valves than the other proups, and
maximum values in the 104 group are significantly
higher than maximum values in the 106 and 107
groups (p < 0.05). Blood sugars remain high after
two months — highest in the 103 group

Transfer 10 Nude Mice

Table 2 records the effects of T-lymphocyte
transfer from BALB/c mice o corresponding nude
mice. Blood sugar values follow those in the
carresponding group {10%) of normal mice.

There is 2gain demonstrable elevation of blood
Sugars on the third day, and relatively slow increase
10 a clearly diabetic maximum on the 20th day.
Experimentat animals displayed consistently signifi-
Cantly higher blood sugars than the controls (p <
001, days 3-20 and p < 0.02, days 39-66.

« Reipins dfice affer Transfer of X-Ray Treated T-Ly mphoey tes

Days afler transfer

20 days 39 days 52 days 66 days
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mber in brackets indicate number of mice in each



Role of X-ray Treatment of Donor Cells

Table 3 records the results of the preliminary
study, where mice were transplanted with irradiated
T-lymphocytes. Blood sugars were relatively high
on the third day, and attained a maximum after 20
days.

On all days when measurements were made,
there was significant difference between experimen-
tal and control mice (p < 0.01). Apart from the
values on the 39th and 52nd days, blood sugars in
the experimental group were consistently higher
than in any of the other experiments. When the
experimental animals are compared with experi-
mental recipients of comparable numbers of non
irradiated cells ie. the 105 group, blood sugars,
when measured, were always higher in the animals
which had received irradiated cells, significantly so
in 7 of 8 measurements (p < 0.01 in 6
measurements).

DISCUSSION

The study shows that streptozotocin induced
diabetes mellitus can be passively transferred by
transplants rich in T-lymphocytes, and that the
number of cells required is small. Not only this, but
within the confines of the study, smaller numbers of
cells occasioned a more severe diabetic state in
recipients than did larger numbers.

The fact, that a chemically induced diabetes can
be transferred by a transplant comprised very
largely of T-lymphocytes, supports the postulates of
earlier studies that T-lymphocytes are important
factors m the transfer of diabetes mellitus effected
by transplant of spleen cells, and 1n the actual

& Rygaard 1977), where only one cell quantity was
studied.

A lesser number of T-lymphocytes (109 in the
transplant was associated with higher blood Sugars
in the recipients than larger numbers (106 - 107,
This was an unexpected finding, but the study has
been repeated, and the results were similar.
Maximum blood sugar of 242 + 11 in the 103group
in this confirmatory study (obtained as early as the
13th day), was significantly higher than in other
groups (104, 105, 10, 107).

For the further discussion an analysis of the

ition of the inoculum is ind

The initial treatment of the spleen cells a.m.
Bdyum (1968) gives a suspensfon containing ap-
proximately 80 per cent lymphocytes, 20 per cent
monocytes and 1 per cent granufocytes.

The passage through the anti mouse Ig coated
column remaves cells bearing membrane immuno-
globulin, ie. B-lymphocytes (Rubin & Wigzell
1973). Likewise the monocytes must be removed by
non-immune adherence to the beads of the column
(Mosier 1976).

The remaining cells are thus non-B lymphocytes
Of these, 85-94 per cent were Killed with anti-theta
and complement in the original experiments of
Rubin & Wigzell (1973), leaving some 6-15 per
cent of cells that were not sensitive to antitheta in
the concentration used. We now know from the
experiments of others that most or all of these are
natural killer cells, NK-cells (Kiessling ef al. 1975,
Herberman et af. 1975). It is not known, and cannot
be seen from our study, whether NK cells play any
role in the diabetogenic process, but dve 10 the
extremely small numbers i the most active
it seems highly unlikely. — This points

diabetogenic process. The direct of T-
lymphocytes in passive transfer mechanisms has
been demonstrated, also n other diseases, for
example, experimental allergic orchitis (Tung et al
1977), arthritis (Brackertz et al 1977), contact
sensitivity (Zembala et al 1977) and tuberculin
hypersensitivity (Tsuyuguchi & Kohmo 1975)

Nude mice recipients also became diabetic,
displaying blood glucose increases very similar to
those seen in the comparable group of normal mice
This suggests that functional thymus dependent
Jlymphocytes in the recipient animal are not a pre-
requisite of the development of transfer diabetes. a
conclusion which was also made after a comparable
study with spleen cell transplants (Buschard & Rv~
gaard 1977).

In this present study. both 107 and 104 cell
groups display clearly diabetic blood sugar values
These cell numbers are much lower than used in
our earlier study of passive transfer of diabetes by
transplant of spleen cells (4 x 107cells—~ Buschard
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to the T-lymphocytes.

All of the theta-sensttive cells by definition are T-
lymphocytes It is not known. whether the proce-
dure gives any selection of subpopulations of T-
Iymphocytes e.g. because of the prﬁence_o( Fc
receptors on T-cells. that might interact with the
bound immunoglobulin on the column (Katz 1977
But 1t is here presumed that alt T-lymphocyte
subpopulations of the starung material of the spleen
are represented, killer T, helper T and suppressor T
cell groups .

The rclatne roles of these populations are
discussed 1n the following.

1 The T-killer cell 1s the obvious candidate to
recognize and damage the beta-cell within the s!wn
period of time from transfer to appearance of signs
of beta-cel mnsufficiency as witnessed by the
increase m blood glucose values afready after 3
days. Blood sugar values were fairly constant up o
about the minth day. which we interpret in terms of



one single initial damage during this first phase. The
fater upward movement in blood sugar values will
be discussed later. .

2. The involvement of 2 T-helper function,
resulung in an antibody sesponse of recipient B-
tymphocytes in the initial phase is less probable.
One argument 1s the short ime between transfer
and diabetes. Another conswderation is the need for
antigen if B-lymphocytes should be sensitised !l is
ot probable that enough donor betacell antigen
could be transferred with the washed cell transplant.
Recipient antigen mught be released from beta-cells
by an immediate cytotoxic effect of the T-killer cell.
Ths might lead to a subsequent humoral response.
Prelimmary negative attempts to transfer diabetes
wuth serum argue against such a humoral antibody
mediated mechanism.

3 Some of the T-cells are suppressor c¢lls. By
definition they could suppress, but cannot induce
the immunologic damage to the betacell The high
blood glucose values in the prelimnary study of
reciprent mice receiving transplant of irradiated cells
suggest the involvement of suppressor T-cells,
because these cells ase known to be relatively highly
uradation sensitive (WeCullagh 1975, Katz 1977).
1f suppressor T-cells tn the transplant are damaged
while other cells are not affected to the same degree,
a greater effect of the transplant might be expected.

The irradiation dose 1n our experiment — 200 R~
was less than given by e g McCutlagh (350 rad), but
was measured by dosimetn at the irradiated object
(naked cells), whereas McGullagh's was whole body
wradiation of the expenimental rats

Suppressor Tcell function could also explamn that
recipients receiving more cells, g 10% and 107,
displayed lesser blood sugar increases than mice
receiving fewer cells {103 2nd 10%) The percentage
of T-suppressor cells in the transplant s tndepen-
demt of wansplam suze but clearly the absolute
quantity vanes with transplant size If 1t 1s assumed
hat 1t 55 the absoluie quantity of T-suppressor cells

which 15 criucat foe therr suppressor (unction, this
could explain (he greater diabetogenac effect of the
smaller transplant in the study

15 possible that suppressor T-cells mediate their
¢ffects by a liquid product brought about 1n a higher
conceniration by a higher cell number Zesmbala et
@l (1977) effected passive tramsfer of contact
Knsinity by transplant of 4 4 X 107 muxed lymph
node and spleen cells The effect of the transplanted
cells of the reciments could be infubited if the

transplants were first tncubated with so called
speafic suppressor T-cell product No dose-response
cune was grven in this study.

Related 1o the discussion of the role of- suppressor
Tecells 1 duabetogencsis is the study by Jansen et al,

(1977) where mice given the diabetogenic encepha-
lomyocarditis virus were treated with a cyclophos-
phamide derivative (Asta 5122). Another group of
mice were treated with virus alone. Both groups
displayed diabetic blood sugars on the seventh day,
but mice which were treated with both virus and
cyclophosphamide had significantly higher blood .
sugars than the mice which received only virus.

Rollinghoff et al. (1977) showed that T-suppres-
sor cells are cyclophosphamide sensitive and this
suggests that the findings in Jansen's study can be
explained by cyclophosphamide suppression or
destruction of T-suppressor cells, which entails that
these cells no longer inhibit the T-killer (?) cells, cfr.
1. in this discussion

A further indication that decrease in T-suppres-
sor cell activity might be implicated in diabetogene-
sis stems from a study made by Horowitz ef al
(1977). These authors determined T-suppressor cell
function in children with insulin dependent diabetes
mellitys. and found, in six of nine children, that
there was no T-suppressor ¢ell function. Fifteen
normal controls all had T-suppressor cell function.

A remarkable phenomenon 1n this present study
was the pattern of development of diabetes. Blood
sugar values were increasing relatively slowly and
maximum values were reached first at the 20th—
39th day. This pattern 1s different from that seen in
transfer of diabetes by spleen cell transplant (Bu-
schard & Rygaard 1977) when blood sugar
maximum (268+43) was seen after six days,
thereafter to fall, (170 34 on the 37th day — Bu-
schard hitherto unpublished data). It should be
mentioned, however, that the donor mice in this
study displayed higher blood sugars, which may
possibly be a salient factor.

In other transfer expenments recpients have also
been affected at an early stage: after 4 days with
expenmental allergic orchitis (Tung et af. 1977),
afier two days with contact sensitivity (Zembata er
al 1977, and after two days with allergic
2drenalitis and encepbalomyelius (Werdelin 1972).

Two observalions suggest some amplification
mechanism in the present experiment, 1) the effect
of smaller numbers of cells (100 & 109 and 2) the
oontinuous upward movement in the blood sugar
values wp o the 20th~3%th day This secondary
increase can depend on a donor T-helper cell effect
?n the Tecipient’s immune apparatus, or on an
autoimmune’ process initiated by the recipient’s
imraune apparatus afier mitial destruction of beta.
cells by donor T-Kaller cells — that is 1o say that the
destrayed beta-cells are regarded as non selfic.

Ta conclusion. the study shows

5 that streptozots
an induced diabetes meltitys can be :si:e;
transferred by transplants comprised very largely of



Role of X-ray Treatment of Donor Cells

Table 3 records the results of the preliminary
study, where mice were transplanted with irradiated
T-lymphocytes. Blood sugars were relatively high
on the third day, and attained a maximum after 20
days.

On all days when measurements were made,
there was significant difference between experimen-
tal and control mice (p < 0.01). Apart from the
vafues on the 39th and $2nd days, blood sugars in
the experimental group were consistently higher
than in any of the other experiments. When the
experimental animals are compared with experi-
mental recipients of comparable numbers of non
irradiated cells ie. the 105 group, blood sugars,
when measured, were always higher in the animals
which had received irradiated cells, significantly so
in 7 of 8 measurements (p < 0.01 in 6
measurements).

DISCUSSION

The study shows that streptozotocin induced
diabetes mellitus can be passively transferred by
transplants rich in T-lymphocytes, and that the
number of cells required is small. Not only this, but
within the confines of the study, smaller numbers of
cells occasioned a more severe diabetic state in
recipients than did larger numbers.

The fact, that a chemically induced diabetes can
be transferred by a transplant comprised very
largely of T-lymphocytes, supports the postulates of
earlier studies that T-lymphocytes are important
factors mn the transfer of diabetes mellitus effected
by transplant of spleen cells, and in the actual
diabetogemc process The direct ifi of T-

& Rygaard 1977), where only one cell quantity was
studied.

A lesser number of T-lymphocytes (104) in the
transplant was associated with higher blood sugars
in the recipients than larger numbers {106 - 107),
This was an unexpected finding, but the study has
been repeated, and the results were similar,
Maximum blood sugar of 242 11 in the 103group
in this confirmatory study (obtained as early as the
13th day), was significantly higher than in other
groups (104, 105, 106, 107).

For the further discussion an analysis of the
[ ition of the i is indi

The initial treatment of the spleen cells am.
Bdyum (1968) gives a suspension containing ap-
proximately 80 per cent Iymphocytes, 20 per cent
monocytes and 1 per cent granulocytes.

The passage through the anti mouse Ig coated
column removes ceils bearing membrane immuno-
globulin, ie. B-lymphocytes (Rubin & Wigrelt
1973). Likewise the monocytes must be removed by
non-immune adhererice to the beads of the column
(Mosier 1976).

The remaining cells are thus non-B lymphocytes.
Of these, 85-94 per cent were killed with anti-theta
and complement in the original experiments of
Rubin & Wigzell (1973), leaving some 6-15 per
cent of cells that were not sensitive to antitheta in
the concentration used. We now know from the
experiments of others that most or all of these are
natural killer cells, NK-cells (Kiessting et al. 1975,
Herberman et al. 1975). It1s not known, and cannot
be seen from our study, whether NK cells ptay any
role in the diabetogemc process. but due t0 _lhc
extremely small numbers in the most acuve
tr it seems highly untikely. — This points

lymphocytes in passive transfer mechanisms has
been demonstrated, also in other diseases, for
example, experimental allergic orchitis (Tung er al
1977), arthritis (Brackertz et al. 1977). contact
sensitivity (Zembala ¢t al. 1977) and tuberculin
hypersensitwity (Tsuyuguchi & Kohmo 1975)

Nude mice recipients also became diabetic,
displaying blood glucose increases very similar to
those seen in the comparable group of normai mice.
This suggests that functional thymus dependent
Ilymphocytes in the recipient animal are not a pre-
requisite of the development of transfer diabetes, a
conclusion which was also made after a comparable
study with spleen cell transplants (Buschard & Ry-
gaard 1977)

In this present study, both 103 and 104 cell
groups display clearly diabetic blood sugar value.s
These cell numbers are much Jower than used in
our earlier study of passive transfer of diabetes by
transplant of spleen cells (4 x 107 cells ~ Buschard
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to the T-lymphocytes.

All of the theta-sensitive cells by definition are T-
lymphocytes. 1t 1s not known, whether the proce:
dure gives any selection of subpopulations of T-
Ilymphocytes e.g. because of the presenoe'of Fe
receptors on T-cells, that might interact with the
bound immunoglobulin on the cofumn {Karz 1977).
But 1t is here presumed that all T-lymphocyte
subpopulations of the starting material of the spleen
are represented, killer T, helper T and suppressor T
cell groups.

Tﬁe rilative roles of thesc populations are
discussed in the following:

1. The T-killer cell is the obvious gndldm 1o
recognize and damage the beta-cell within the short
period of time from transfer to appearance of signs

of beta-cell insufficiency as witnessed b‘)';ﬂm;
increase in blood glucose values already a
tant up (O

days. Blood sugar values were fairly cons

N i of
about the ninth day, which we interpret 1 terms



one sigle initial damage during this first phase. The
later upward movement in blood sugar values will
e discussed later. 5

2. The involvement of a T-helper fu_ncuon,
resulting in an antibody response of recipient B-
Iymphocytes in the initial phase is less probable.
One arpument is the short time between transfer
and diabetes. Anather consideration is the. need fo'r
antigen 1f B-lymphocytes should be sensilised, _ll is
not probable that enough donor beta-cell antigen
could be transferred with the washed cell transplant.
Recipient antigen might be released from beta-<cells
by an immeduate cytotoxic effect of the T-killer cell.
This mught lead to a subsequent humoral response.
Preliminary pegative attempts to transfer diabetes
with serum argue against such a humoral antibody
wediated mechanism.

3 Some of the T-cells are suppressor cells. By
definstion they could suppress, but cannot induce
the immunologic damage to the beta-cell. The high
Blood glucose values in the preliminary study of
Tecrprent mice recetving transplant of irradiated cells
suggest the involvement of suppressor T-cells,
because these cells are known to be relatively highly
wradsation sensttive (McCullagh 1975, Katz 1977)
If suppressor T-cells tn the transplant are damaged
while other cells are not affected to the same degree,
a greater effect of the transplant might be expected

The wrradiation dose 1n our experiment— 200 R —
was Jess than given by e g, McCullagh (350 rad), but
was measured by dosimetri at the irradiated object
{naked cetls), whereas McGullagh's was whole body
irradiation of the expertmental rats

Suppressor T-cel} function could alse explain that
reciplents receiving more cells, eg 104 and 107,
displayed lesser blood sugar increases than mice
receiving fewer cells (107and 104) The percentage
of T-suppressor cells 1 the transplant is mdepen-
dent of transplant suze but clearly the absolute
quantity varies with transplant size. If 1t 1s assumed
that 1t 15 the absolute quantity of T-suppressor cells
which 1s cnitical for their suppressor function, this
could explain the greater diabetogesuc effect of the
smaller transplant 1n the study

1115 possible that suppressor T-celts mediate their
effects by a hquid product brought about 1n a bigher
concentration by a higher cell number Zembala ef
al {1977) effected passwve transfer of contact

sensstvaty by transplant of 4 4 x 107 mixed lymph
node and spleen cells The effect of the transplanted
cells of the recipients could be inhibited if the
Uansplants were first mcubated with so cafled
specific suppressor T-cell product. No dose-response
curve was given in this study

Relalled 10 the discussion of the role of suppsessor
Tecells in diabetogenesis is the study by Jansen et af.

(1977) where mice given the diabetogenic encepha-
lomyocarditis virus were treated with a cyclophos-
ghamide derivative {Asta §122). Another group of
mice were treated with virus alone. Both groups
displayed diabetic blood sugars on the seventh day.
but mice which were treated with both virus and
cyclophosphamide bad significantly higher blood -
sugars than the mice which received only virus.

Rathnghoff et al. (1977) showed that T-suppres-
sor cells are cyclophosphamide sensitive and this
suggests that the findings in Jansen's study can be
explained by cyclophosphamide suppression or
destruction of T-suppressor cells, which entails that
these cells no longer inhibit the T-killer (2) cells, cfr.
1. in this discussion

A further indication that decrease in T-suppres-
sor cell achivity might be implicated in diabetogene-
sis stems from a study made by Horowitz ef al.
(1977). These authors determined T-suppressor cell
function in children with insulin dependent diabetes
mellitus, and found. in six of nine children, that
there was no T-suppressor cell function. Fifieen
normal controls all had T-suppressor cell function.

A remarkable phenomenon in this present study
was the pattern of development of diabetes. Blood
sugar values were mcreasing relatively slowly and
manmum values were reached first at the 20th-
39th day. This pattern is different from that seen in
transfer of diabetes by spleen cell transplant (By-
schard & Rygaard 1977) when blood sugar
maximum (268+43) was seen after six days,
thereafter 1o fall, (170 34 on the 37th day ~ Bu-
schard hitherto unpublished data) It should be
mentioned, however. 1hat the donor mice in this
study displayed higher blood sugars, which may
possibly be a satient factor.

In other transfer experiments recipients have atso
been affected at an early stage; after 4 days with
experimental allergic orchitis (Tung et aof. 1977),
after two days with contact sensitwity (Zembala e
al 1977, and afier (wo days with allergic
adrenalutis and encephalomyelitis (Werdelin 1972)

Two observations suggest some amplification
mechanism in the present experiment, 1) the effect
of smaller numbers of cells (103 & 104 and 2) the
contnuous upward movernent in the blood sugar
values up to the 20th—39th day. This secondary
increase can depend on a donor T-helper cell effect
on u_m reciprent's immune apparatus, or on an
autiimmune’ process initiated by the recipients
immune apparatus after inutial destruction of beta.
cells by donor T-killer cells — that is to say that the
dtsll;oz:d Ye&gu\h are regarded as »non selfe.

3 'nclusion, the study shows that
::m induced drabetes m:’llitus c:: 'S':g::;
ransferred by transplants comprised very largely of



T-lymphocytes. Although the course of events and
possibly the mechanism differs from that after
passive transfer effected with spleen cells, the study
again emphasizes 2 central role of thymus derived
lymphocytes in the diabetogenesis.

K. B. is a Research Fellow of the Afichaefsen Foundation.
Dr. Bent Rubin kindly provided the columns. Dorte Fug-
mann, Jytte Kreemmer and Conny Skanning gave skilful
technical assistance.

The study was supported by the Danish Medical Re-
search Council, grant. no. 512-8191.
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PURIFICATION OF THE FIRST COMPONENT OF
GUINEA-PIG COMPLEMENT BY GEL CHROMATOGRAPHY
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Department of Microbiology, Dental Faculty, Universuty of Osto, Blindern, Oslo 3, Norway

Lyberg, T Punfication of the first of guinea-pig
path mucrobiol scand Sect C, 86- 283-289, 1978

A method has been described for the of the first (C1) of from
guinea-pig serum The procedure consists an euglobulin precipitauon followed by gel filtravon on
agarose columns The final product has low protemn content and high specific actvity. The protein
obuined by this procedure has a molecular weight of about one million and has been further
characterized using immunochemical and polyacrylamude gel electrophoresss techniques The protem
reacts with anu Cl anuserum and forms the EACL4-ntermediate The expeniments indicated the

by gel Acta

existence of electrophoretic vanants of C1 The dissoctation of the Cl molecul

strength 15 confirmed The described procedure aj
punified C1

Key words C a

e by increasing the sonic

ppears to be a useful method of obtatning functionally

gel

Torstein Lybers, Department of Microbiology, Dental Faculty,
Norway
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The first component of complement (C1) exists 1n
serum as a macromolecule with a molecular weight
of about 10% dattons, which can be dissociated by
EDTA 1nto three major subcomponents, Clq, Clr
and Cls The role of a fourth subcomponent, Clt, 1n
the expression of C1 actwity is disputed (2, 3, 10,
26)

The Cl macromolecular complex in human and
Buinea-pig sera can be prepared m a functionally
pure form by euglobulin precipitation methods (23,
24). Sepharose chromatography (10, 25) and by
sucrose gradient 8.9

agarose

Unsversity of Oslo, Blindern. Oslo 3,

195), it was to expected that gel filtration offers a
useful principle with respect to separation from C
components and other serum proteins.

Gel filtration of C1 has earlier been performed on
polyacrylamide gels (14) and on Sephadex G-200 (6,
13,14,22,23). The recovery of Cl on Sephadex gels
is low (14), probably because of the existence of
anti-dextran antibodies in serum In addition, these
gels have exclusion limits below the actual molecy-
lar wesght of C1, and 1t seemed natural to apply the
newer agarose gel chromatography media which
bfve extended the molecular weight range of the gel

The most convensent procedure for wsolatton of C1
devised up 10 now 1s probably affinity chromato-
graphy using 12G as a higand as described by Bing
() and developed by Assimeh er af {1-3) and
Chapwss er af (1)

We have investigated an 1solation procedu;
[ by the double i
ra & Nelson (23) and gel

re for

pig Cl.
Method described by Tamu,
filtration on agarose gels.
Since Cl is a considerable larg

er molecule than
any other C component (sedime,

ntation coefficient

method. Agarose gels are conside-
1ably more rigid than polyacrylamide gels and
therefore tolerate higher elution pressure, making it
possible to obtain an adequate flow at 4° C.whichis
destrable because of the heat Iability of Q1

MATERIALS AND METHODS
Chermcals, Reagents and Ansera
[The methods for the preparation of sheep ¢
(B) are described by Mayer (16, o
Guinea-pig blood was obtayn,
animals donated by the Nay

Tythrocytes
.« pp 149-150)

ed by cardiac puncture of
onal Institwte of Pyplc



T-lymphocytes. Although the course of events and
possibly the mechanism differs from that afler
passive transfer effected with spleen cells, the study
again emphasizes a central role of thymus derived
lymphocytes in the diabetogenesis.
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TABLE 1. Punfication of Cl by Double Precipitation at Low lonic Strength and Chromatography on Bio-Gel A Sm

Protein® Clactity Speaific activity
Fracicn Volume*  efml  CHsounis/mix 103 CHsousits/mg protemx 103
Guierpig serum i 44000 694 o
004Mppt 1 0.330 €63 20909
Reapt 025 0255 21438 842.
BoGel A 5m-pos 3 0032 524 1637.500

1 Ongmal serum volume = 1

® Protean concentration was determined by the Folin method

1z 3 4 5 8 7
Nigration distance, em

Fig I Scanmog duagram of double-precipiated. partially
punfied Clin 3 75 per cent polyacrylamide electrophore-
Sis at pH 8 3 Migration distance measured from the
fiegalive to the postuve electrode

1 actueny
CHsp units/ent {5 187) 0024
™ 146 A
. v
i s
« o
2 - 02
e
Y
£ P £

Eraction wumber

BUINEA-DIg serum after
Sm column. Eluton
Cas + Humanlgy,
seference substances
- . = opucat density at 280

Fig 2 Elution diagram of whole
Passage through 2 BioGel A |
bulfer VBS, u = 0 15. contarning
16G and atburun were wused ag

‘was present in the first peak corresponding to the
void volume.

The elution diagram of crude Cl on the same
medium is shown in Fig. 3. Cl eluted in the same
position, together with lipoproteins and other
macroglobulins

Performing the chromatography of the crude
preparation at increased ionic strength {y = 0.60)
gave separation of the bulk protein in the void
volume, and C1 activity which was retarded on the
column (Fig. 4).

In principle the same elution diagrams were
obtained when chromatography was performed
with Bio-Gel A 0 Sm medium.

Gel Filtration on Bio-Gel A Sm

Since rather low yields were obtained when crude
Cl was apphed directly to an agarose cotumn, the
wolumn was pretreated by passing 2 m! of whole
Buinea-pig serum through, followed by washing

€1 activity
M3 unity it (x16%) oo,
20

»

" s
. om0
.

— a0s
<
£ E] »

Fraction number
Fig 3 Eluton dugram of partay,

ly purified C1 afies
passage through a Bio-Gel A | Sm column, Eluuo;
buffer VBS, 15, onuaining Ca+ +
actmty, - ¥

— =
optical density at 280 .



ngallh (Oslo), serum was harvested, pooled and stored at
-90°C.

Hemolysin was prepared by the method described by
Mayer (16, pp. 150~151). It was used in a concentration
twice the optimal level used in the whole complement
titration (20, pp. 81-82).

the _originzl serum volume. The final preparation was
clarified by centrifugation.

Assays

EACA cells for Cl titration were prepared and used as
described by Rapp & Borsos (20, pp, 83-85),

H ytic titrations of Cl, C4, C2, and C3 were also

Antiserum against Ci was prod by
injections of partially purified Ci (A 1.5m pool) in
rabbits. Rabbits received a dose of 0.5 ml {2 mg/ml)
emulsified with an equal volume of Freund's complete
adjuvant spread subcutaneously in the neck. The same
procedure was repeated after 21 days, and rabbits were
bled on the 7th day after the last immunization This
antiserum contains antibodies directed against antigenic

done according to Rapp & Borsos (20, pp. 97-105)

Analytical Procedures
Isoelectric focusing. An LXB Ampholine column
(LKB 8101} and carrier ampholyte solutions were
obtained from LKB Products, Bromma, Sweden, and
were used as described in the LKB 8100 Ampholine
focusing Equi; Manuat,

determinants in the mac; form of
Cl. No further characterization concerning the distribu-

Ampholine carrier (2 per cent, pH 4-6) was used in
the C) el fi experiments. The interior surface

tion profile of antibodies against the different
nents have been made. The antiserum agglutinated EAC]
but not EA cells.

Human and guinea-pig sera were used for calibrating
the columns. The position of human IgM, IgG and
albumin was monitored by radial immunodiffusion in

of the column was coated with a thin layer of
poly 1o minimize adhesion of glyco-
proteins to the walls (11). Electrofocusing was carried
out at a constant voltage for 72 h. The temperature of the
cooling system was maintained at 4°C. Fractions of 3.5
ml were collected by means of a penstaltic pump
connected to the outlet tube of the column, and pH was
d

agarose obtained

from Behringwerke AG, Frankfurt, V. Germany.

Guinea-pig i 1 ins were itored by using d at 4°C.
Dise efec

Analysis were carried out 1 2

rabbit antiserum against guinea-pig i
also obtained from Behringwerke.

Veronal-buffered saline {(VBS), pH 7.4, containing
0.00) M Mg+ + and 000015 M Ca+ +, 0.1 per cent
gelatin and the jonic strengths 0.065, 0.15 and 0.60
respectively was made according to Rapp & Borsos (20,
pp 75-78).

The 0.005 M phosphate buffer, pH 7.5, was made
from two stock solutions containing 0.2 M NaH2PO4
and 0.2 M Na)HPO4

Gel Matenals

Bio-Gel A 0 5m (100-200 mesh), Bio-Gel A 1L.5m
{100-200 mesh) and Bio-Gel A Sm (200-400 mesh)
were obtamned from Bio-Rad Laboratories. Richmond,

CA, Usa

Columns
For gel filtration, Pharmacia cofumns (i 5 x 30 cm)

were used, Etutton was performed at 4°C and usually at
a flow rate of 30 m!/mn.

Protein Preparations _
Functionally purified guinea-pig C2 for the titration

procedure was prepared by ammonium sulphate precipt-
tation as described by Nelson e al (19).

Functionally purified Cf (crude Ct} for the preparation
of EAC4 cells and for the further isolation procedure,
was prepared according to the procedure de?'xsed by
Tamura & Nelson (23). Briefly, serum was adjusted to
pH 7.5 and diluted with water to ion}c strength 0 04 The
precipitate was washed once Wwith ‘VBS. » O.Md_
redissolved in isotonic VBS to the original vclumeran4
dialyzed against 0.005 M phosphate kzuﬂ:r,_pﬂ ')‘Sd ?I{he
h. The buffer was changed once during this periad. The
precipitate was once again washed 11 phosphate bu -
and finally dissolved in isotonic VBS to one quarter
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Buchler apparatus {(Buchler Instruments Inc., NJ, USA)
with glass columns {5 X 70 mm) The concentrating ge)
was 2.5 per cent acrylamide and the separating gel 3 75
per cent acrylamide. Tris/glycine buffer, pH 8.3, was
used in the electrode compartments (15) The protem
solution was mixed with an equal volume of 10 per cent
sucrose, and 100p1 of this mixture layered on top of the
large-pore gel The gels were stamed with § 05 per cent
Coomassie Brillant Blue in methanol/acetic acid/water
(45.20:9) for 30 min and destained n the same solution
overnight. The gels were stored m 7 per cent acetic acid
and scanned 1 a Joyce Loeble Chromoscan at ODsbo

is and i diffi anahses
Immunoelectrophoresis was performed according to a
modification of the method of Scherdegger (21), using |
per cent agarose in tris/barbitone bufler, pH 8 6. which
was also used for the double-iffusion analyses

RESULTS

Preparation of Crude Cl

Crude Cl was prepared as described under
materials and methods Crude Cl preparations were
punfied several hundred folds over whole serum
(Table 1), but contaned small amounts of other
complement components and large amounts of
noncomplement protewn. The disc electrophoresis
pattern of crude C} showed several bands (Fig. 1).

Gel Filtration on Bio-Gel A 1.5m and 0.5m

Gel filtration of whole guinea-pig serum on Bio-
Gel A 1.5m (etution buffer VBS, p = 0 15)showed
three protein peaks as shown in Fig. 2. C activity



fig 8 and of
CQ Upper Immunoelectrophoresis of CL Wwell 1
contamed the double-precipitated, crude CI preparation
and well 2 contained the purified C1 preparavion. The
trough contained rabbit anu-Cl-antiserum.

Lower tmmunodiffusion of C1 Centre well. rabbit anu-
Cl-anuserum Wells | and 2 contained GPS, wells 3 and
4 crude Cl and well 5 and 6 contained the concentrated.
punified Q1 preparauon

004y

Homerptic actioty

Fraction me—tar

Fig 9 Tsoelectrc focusing of partially purified Cl on a
110-ml ampholine column, pH 4-6 = Cl
auvity, ~ opucal density at 280 nm,

actvty could not be fully restored by reducing the
tonic strength to 0 15 in the eluted fractions.

The most active [ractions were pooled Assays
for C4. C2 and C3 1n the pooled fractions were
carned out and found to be negative. The highly
active frachions had a low protein content and the
spearfic activity was more than 1500 CHso units/pg
Protem

The pool of the most active fractions were
concentrated on an Amicon Diaflow apparatus,
Model 12, with 2 UM-10 membrane, and analyzed
@ a discontinuous polyacrylamide electrophoretic
system Fig. 7 shows the scanned profile of the
polyacrylamide gel. giving the appearance of two

well-Gefined bands and some material which could
not enter the separating gel. .

The final product was also anatyzed by immuno-
diffusion and immunoelectrophoresis (Fig.'s). By
double-duffusion analysis against anti-Cl antiserum,
a single precipitin line near the anliger{ well was
seen  with purified €1 preparations. By
immunoelectrophoresis, two precipitin lines were
detected. Purtfied Cl praparations gave no precipllifn
lines against anti-guinea-pig immunoglobulin anti-
serum.

“The Cl nature of the final preparation was further
assessed by the demonstration of peutralizing effect
of the ant-Cl antiserum on the C1 hemolytic
actvity The purified preparations gave linear plots
of relative C1 concentrations sversus number of
SAC'1a.4 generated per cell (5).

Isoelectric Focusing of Cl

Preliminary experiments indicated that Q1 retain-
ed sts hemolytc activity after being dissolved in a
solution containing 2 per cent ampholyte (pH 4-6).

In the electrofocusing expeniments, samples of
0.5-1.0 ml of crude Cl were substituted for the light
ampholyte solution approximately in the middle of
the gradient. Very little Clactivity was retained if the
fractions were tested directly. After reconstitution of
physiologic ionic strength and pH in the fractions,
about 25 per cent of C1 hemolytic activity was
recovered from the column Two well-defined peaks
of C1 activity were found with pl values of 4.6 and
4.9 and, 1n addition, a minor peak at pl $.6, but more
than 95 per cent of the activity appeared within the
peak with pl 4.6 (Fig. 9).

Tsoelectric fractionation of the punfied C1 prepara-
tion showed two hemolytic peaks at pl 4.6 and 4.9,

but the yield was sull lower, in the range of 5-10 per
cent.

DISCUSSION

Chromatography of crude Ol on Bio-Gel A 0.5m
and Bio-Gel 1.5m at isotonic elution conditions
showed that C1 was eluted in the void volume
together with inter alia lipoproteins, IgM and a-2-
macroglobulin, This finding is in accordance with
carlier gel chromatography studies on C1 using
polyacrylamide (14) and Sephadex (6, 13, 22)
media. .
Chromatography of crude Cl on Bio-Gel A Sm
Bave Ul better resolution of containing proteins,
?nd was preferred in the continuing experiments. At
isotonc elution conditions, C1 was still contamina-
!cd with 19S macroglobulins, but free of lipoprote-
ins and 78 and lower molecutar weight substances.
Chromatography of crude C1 at high ionic
strength (p = 0.60) gave separation of Ct activity
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Fig. 4. Elution diagram of partially purified C1 after
passage through a Bio-Gel A 1.5 column. Elution buffer:

VBS, p = 0.60. containing Ca+ +. = Q
activity; ————=— = optical density at 280 nm.
with VBS, p = 0.15, until effluent was free of

protein. Fig. 5 shows the elution diagram of whole
guinea-pig serum. Serum was separated into four
definite peaks, with Ci activity positioned with the
macroglobulin peak (inter alia IgM and a;M).
Variability in the position of Cl was noted with
various samples of sera. In some sera the main Ci
activity eluted with the 7S protein peak. In our

Fraction mumber

Fig. 5. Elution diagram of whole guinea-pig serum after
passage through a Bio-Gel A Sm column. Elution buffer:
VBS, p = 0.15, containing Ca+ +. Human IgM, 153G
and albumin were used as reference substances ———
= Cl activity; — optical density at 280 nm

excluded from the gel and from 75 and lower
molecular weight proteins. Using VBS buffer, p =
0.15, the macroglobulins still efuted in the same
positions as Cl.

The ion of CI from was
established by increasing the jomic strength to p =
0.60. Thereby Cl was retarded on the column in the
same way as shown in Fig. 4, indicating splitting of
the C1 le with i d 1onic strength.

experience, this is most often seen with outdated
sera. We have also, 1n some experiments, noted Cl
activity in the void volume, which indicated
aggregation of Cl molecules.

Chromatography of crude Cl on Bio-Gel A 5m
(Fig. 6) separated Cl from lipoproteins which are

C 1 actinty
CHgy units ) (x103) ODz40
10
E
s 008
ooe

The recovery of Cl after elution with VBS, y =
0.15, was 70~75 per cent of the activity applied,
decreasing with prolonged use of the column. The
recovery after elution at p = 0.60 was about 70 per
cent of the recovery after elution at p = 0.15. The

OBspg

4_.

Fracdion number

am of partially purified CI after
Gel A Smoolumn Efution buffer
o]

Fig. 6. Elution diagr:

assage through a Bio-
J‘J/BS, " 015, containing Ca* *.
activity: optical density at 280 nm.
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1 2 3 4 5 6 7
Migration distancs, cm
Fig 7 Scanming diagram of punfied CI (pooled.
concentrated actve fractions afier gel filtration on Bio-
Gel A Sm) i 3 75 per cent acrylamude electrophores:s at
pH 8 3. Migration distance measvred from the pegatnve
10 the positve electrode.
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from other high molecular weight serum proteins
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ofa of the

on all the applied agarose media. This di:
of the Cl activity peak can only be explained by a
splitting of the Cl molecule into smaller fragments
by the increased ionic strength. This finding is in
good accordance with the demonstration of Colten
et al. (9) that the sedimentation coefficient of Cl
varies inversely with the ionic strength. Prolonged
storage of serum also seems to result in a
dissociation of the C1 molecule.

The purified C) preparation showed one precipi-
tin line in double-diffusion (Ouchterlony) analysis
against anti-Cl antiserum. By immunoelectrophore-
sis, two definite components were detected and by
disc electrophoresis also two components which
entered the separating gel and, in addition, some
material which did not enter the running gel. These
results agree well with those obtained by Bing {4)on
human Cl, and suggests the existence of electropho-
retic variants of human and guinea-pig Cl.

This finding was confirmed by isoelectric focus-
ing of Cl which demonstrated two definite peaks
with different pl values. The observed values
correspond quite well with the values for Cl given
by Mukojima & Tachibana (17), and can be taken as
an indication for the existence of electrophoretic
variants of macromolecular Cl. Nefson & Brebner
(18) recovered Cl activity mostly at pH 4.95, but
with a small »shoulder« of activity at pH 5.6.

Another possibility is that hemolytic activity is
effected by Cl subcomponent complexes as descri-
bed by Laurell et al. (12). 1t is possible that the
electric forces acting upon the Cl molecule during
electrophoresis changes the equilibrium position
towards increasing concentrations of {ree subcom-
ponents and complexes of these. Because of fack of
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size of complement components by Sephadet

chromatography. J. Immunol. 94: SI0-S13, 1965.

Chapuis, R. M., Isliker, H. & Assimeh, S N.: Studies
on the precursor form of the first component of
complement. 1. Isolation of the procnzyme forms of
Clir and Cls. Immunochemistry /4- 313-317, 1977
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Laurell, & -8, Mértensson, U & Sjoholm. A G -Cl
m normal and pathologi-

antisera against purified preparations of g pig
Cl subcomponents, no indication is given in this
study with respect to the composition of the
electrophoretic variants.

The substantial loss of Cl activity in isoelectric
focusing, for which we have no explanation, renders
this method less suitable as a purification step for

Ttis fuded that the ion of euglobulk
precipitation and gel filtration o‘n‘Bio-Gel A 5Sm
provide a useful mean for obtaining functionally
purified Cl with little contamination by other

proteins.
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Human interferons derived from peripheral
blood leukocytes and cultured diploid

Huavell ef al. (14) reported recently that Namaiva
interferon can also be fractionated by antibody

Bave been shown to have dfferent

affinity ch; into two antigenic species
of interfe

antnaral and aotigenic properties (7, 17, 23).
Expenments using antibody affinity chromatog-
Taphy seem to suggest that there are two distinct
antigeruc species of interferon 1n human leukocyte
interferon preparations, a major one specific for
leukocyte interferon and a minor one shared by the
wterferon produced 1n fibroblasts (11, 19) This
concept was confirmed recently by Havell et al. (13),
They fractionated leukocyte interferon into four
isoelectric components, one of which contained the
antigenic speaficity of fibroblast iterferon. The
cultured lymphoblastoid cells of the Namalva lne
have emerged as a potential cell source for the farge-
scale production of hurman intexferon (4, 21, 22),

The main is similar to the
major _anligenic species of leukocyte interferon and
the minor one possesses the antigenic specificity
of fibroblast interferon. The physicochemical and
antiviral properties of Namalva interferon resemble
those of leukocyte interferon (9, 10, 14, 21).
Human interferons are immunogenic in hetero-
specific animals (17). Potent and specific anti-
interféron sera are needed for the purification of
interferons by antibody affinity chromatography
anq ‘ﬁ_vr the analysis of their various biological
activities. Anti-leukocyte interferon globulins have
proved to be useful in immunological purification of

leukocyte, lymphoblastoid and ?
rons (1-4). and fibroblast intesfe-
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Large amounts of leukocyte interferon and long-
term immunizations are needed to produce potent
antisera (3, 6, 15, 18). The primary purpose of this
work was to improve procedures for evoking potent
anti-interferon sera and to provide information
concerning the choice of animal species to be used
for immunization. Guinea pigs, rabbits and sheep
were immunized with leukocyte interferon and the
antisera were compared with respect o their

Public Health Laboratory (Helsinki, Finland). Guinea
pigs, weighing 500600 g, received 16 weekly doses of
60,000 units of P-IF without adjuvant, Subsequently,
two booster injections of 2.4 million units of P-IF with
Freund's complete adjuvant (FCA) were given at an
interval of 4 weeks. Rabbits, weighing 3.54.0 ke.
received eight weekly doses of 3 mudlion units of P-IF
without adjuvant. Subsequently, the various boosters of
P-IF with FCA were given as described in Fig 1. Sheep,
weighing 38-47 kg at the start and 69-76 kg at the end

1
kocyte, ly

reactivities against ) ? d and
fibroblast interferons.

MATERIALS AND METHODS

Interferons. Human leukocyte interferon (Le-IF) was
prepared by the Sendai virus induction of buffy-coat
leukocytes and purified by selective precipitation from an
ethanofic sofution (7). Partially purified interferon
preparation (P-IF) contained 1.0-1.5 x 107 units per ml
and its specific activity was  5.0x 105 units per mg
protein.

The fibroblast interferon (F-IF) used for animal
immunization was Kindly provided by Dr. R. Skoda
(Rentschier Laboratories, Laupheim, Federal Republic of
Germany) and was produced in diploid fareskin cells by
the superinduction schedule (12), Partially purified F-IF
contained 4 0x 105 units per ml and had a specific
activity of 7.0 x 104 units per mg protein.

Crude human interferons used as antigens in neutrali-
zation tests were derived from peripheral leukocytes,
cultured fibroblasts (FS-4) and lymphoblastoid cells
(Namalva). F-IF nduced by the superinduction method
(12) was kindly provided by Dr E. Mogensen (Institut de
Recherches Scientifiques sur le Cancer, Villejuif,
France} Namalva interferon {(Na-IF} was prepared by
Sendat virus induction (21) and was generously donated
by Dr. N Finter (Wellcome Research Laboratories,

8! The 1nf¢ ¥ of Sendai virus
crude Le-IF and Na-{F was destroyed by treatment at pH

Interferon assay Three-fold sera) dilutions of interfe-
rons were assayed by the inhibition of vesicular
stomatiis virus (VSV) plaques on human amnion (U)
wells (20} All umts are expressed in relation to the
yuman reference preparation 69/19 (Natonal lnsticute
for Medical Resrarch, Mu) Hill. London). The dose
response curves of crude Le-IF, Na-IF and F.IF showed
similar slopes, when the plaque reduction was 20~70 per
zent (8).

Neutrafization assay. Three- or ten-fold sersal dilu-
jons of interferons were titrated agamst a fixed dilution
>f antiserum {16, 18) The nevtralizing utre of antiserum
vas defined as the reciprocal of the interferon dose
xeeded to reduce VSV plaques on U glls by 50 per cent
1 the presence of the antiserym All titres of antisera are
xpressed in relation to the laboratory standard antise-
um produced by immunization of sheep (»hvanf) with

wman Le-IF (18). One ml c;_f standard antiserum
i 000 unts of Le-IF.
s 32;: Guinea pigs, rabbits and sheep were

imsrisiniza
i nimals at the Central

biained from the random-bred 2
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of the i period, received 10 weekly doses of
3 million units of P-IF without adjuvant. The various
booster injections of P-IF with FCA were then given as
described in Fig 2.

All inj were given sub . P-IF for
boosters was always emulsified with an equal volume of
FCA. Bleedings were performed as described previously
{18). Immune sera were heated at S5°C for 30 min 2nd
kept frozen at ~20°C until titrated for antibodies to
interferons

RESULTS
Develt of Neutralizing Antibodi
According to the efficient i schedule

outlined previously (18), the P-IF injections were
given initially without adjuvant and, after the rest
period, with FCA. The initial immunization elicited
the peak anti-Le-IF Jevels in the rabbits and sheep
during the 8th and 9th weeks. The antibody titres
were 15,000-30,000 in the rabbits and 900-1,500
in the sheep. This was in accordance with the dosage
of P-IF per kg of body weight.

In order to ascertain the minimum booster dose
of interferon capable of eliciting maximum anti-
interferon activities, the rabbits and sheep received
varying amounts of P-IF with FCA as indicated in
Figs. 1 and 2. The antibody titres for Le-IF
increased with the number of interferon umts
injected, up to 3 million units in the rabbits and 10
million vnits in the sheep. Ten million umts of P-IF
also elicited maximum responses to Na-IF and F-IF
in the sheep, whereas the rabbits showed greater
individual differences in their response to the
heterologous interferons.

The late booster myections did not raise the anti-
Le-IF levels beyond those brought about by the first
optimal booster doses (Figs } and 2). After the third
boosters the peak responses to Na-IF and F-IF were
only 10 to 70 per cent and 3 to 30 per cent of the
fughest responses elicited with earlier optimal
boosters.

Ratios of Neutralizing Activities

The ratios of neutralizing activities against Lc-lf
and Na-IF are shown in Table |. Maximum anti-
Na-IF responses triggered by the first optimal
boosters with P-[F were almost as high as the ant-
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adjuvant, received booster injections I, 1L, 11 with FCA at the times indicated by the arrows 1 1 million umts to 00
1; 10 million untts to no. 2; 100 million units to 00 3, 11 and 11l 10 mullion units

are given in Table 2. After the first boosters the

Le-IF levels. However, during the course of the
anti-Le-IF levels were on an average 20 umes

immunization the ratios of anti-Le-IF and ant-Na-  an
IF levels tended to increase; the average ratio was  higher than the anti-F-IF levels After the third
boosters there was roughly 2 100-fold difference

about 5. . e
The ratios of anti-Le-IF level to anti-F-IF level  between the titrac
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TABLE 1. Ratios of Neutralizing Actisities against Le-IF and Na-$F in the Sera of Rabbits and Sheep immunized » cn
’ X

Amma}

Asti-Le-IF / Anti-Na-If

m

Mean Range Mean Range Mean  Range

Ravhe no 11 3 -4 5 46 7 212
12 3 1-11 3 1-5 3 -6
13 3 1-5 4 -5 4 3-6
14 3 -4 4 2-5 6 -6
She 1 12 4-23 13 4-28 5 37
@ 3 6 4 2-5 4 2-8

3 2 -4 1l 5-25 313

1. 11 and 111 denote the boosters adpumistered with FCA as described 1m the jegends ta Figs. 1 and 2. The ratios are
caleulated from the utres obtained after the indicated boaster and shown in Figs 1 and 2. Each mean consists of three

10 51x values

Fersistence of Antibody Levels

After the boosters with P-IF the neutralizing
activires agamst Le-1F, Na-IF and F-IF dechned at
abowt the same rates (Figs | and 2). Twenty weeks
afier the first boosters, the anti-interferon levels
were at or below 10 per cent of the peak levels. The
antibody titres decreased miore slowly after the
second and third boosters Thus, 48 weeks after the
thud boosters the anu-interferon levels were 13 to
60 per cent of the peak levels in sheep nos 2 and 3,

which had received 60 and 150 million units of
interferon during the whole immunization period.

Responsiveness of Different Animal Species

It can be seen from Table 3 that guinea pigs,
rabbits and sheep diflered in their responsiveness to
PAF The ami-Le-IF and anti-Na-IF levels attained
in guwmea pigs were about 10 per cent of those in
rabbits and sheep. Only one guinea pig developed a
detectable response to F-IF. The average anti-

TABLE 2 Ravos of Neutralizing Actoines aganst Le-IF and F-IF in the Sera of Rabbus and Sheep Immumzed wih
P-IF

Anma Aty LeF f AR
1 1
Mean  Range Mean  Range Mean  Range
Rabbut o 11 n 358 58 (-8 9 38200
'|§ 14 -3 6 20-50 54 1983
B 7 533 0 1450 62 50-75
14 =25 7 1639 7% 63D
Sheep mo |l 43 1010 8 50-i25 12 17300
! :3 ii‘,‘ 6 20125 13 50250
03 30-500 15U 6150

For detaifs, set legend to Table 1



TABLE 3. Highest Anti-Interferon Titres for Le-IF, Na-IF and F-IF Atained in Different Animal Species by
Immunization with P-IF

Amount of P-IF Neutralizing activities against
Animal (n) injected
x 106 units/kg Le-IF Na-IF F-IF
Guinea pig (3) 10.00 15500 6000 <300
6.8-12) (6000-30000) {2400-15000) {<<300-900)
Rabbit (4) 7.6 162000 56200 10000
(1.0-8.5) (150000-180000) (30000-90000) (7500-15000)
Sheep (3) 1.0 186300 44600 10000
(0 8-2.6) (120000-300000} (12000-240000) (150045000}

Immunization Schedules are described in Materials and Methods and in the legends to Figs. { and 2. The geometric
means together with the range are given for the injected interferon amounts and neutralizing fitres atwined The
amount of P-IF injected represents the minimum dose needed (0 raise the peak antibody fevel.

interferon levels obtained in rabbits and sheep were  F-IF Booster after Immunization with P-IF

about the same. Clearly fewer interferon units per Sheep no. 2, preimmunized with P-IF (Fig. 2),
Ke of body Weight were used for immunization of  received a booster of 2 million units of F-IF with
the sheep as compared with the rabbits, The ratios  FCA (Fig. 3). A rapid 50-fold ris¢ in neutralizing
of neutralizing activities were roughly the same in  activity against F-IF developed. The peak activity

the three animal species. (45,000} was as high as the highest anti-F-IF level
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Fig. 3. Effect of the booster with parti
‘million units with FCA given at the time andicated by the arrow.
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to Fig 2. 1V denotes the F-IF booster of 2
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elicited earlier with P-IF. The booster wi_lh FIF also
evoked about a 2-fold increase in antl-l.:‘-lF and
anti-Na-IF levels Neutralizing activity agamstlFl-lF
did not decrease parallel with the anti-Le-IF activity.
The shight dechne in the antiNa-IF level occ_umd
simultaneously with the sharp fall in the anti-F-IF
Tevel

DISCUSSION

In the present work immunizations were carried out
with P-IF preparations of Le-IF Al the rabbits and
sheep developed neutralizing activity against Le-IF,
NaIF and F-IF The ratios of the neutralizing
actvities of Le-IF/Na-IF varied from | to 25. The
cross-eeactivity observed in the present work is in
agreement with previous findings which indicated a
close antgenic relationship between Le-IF and Na-
1F (21) Newtralmavon of anuviral activity by
monospecific antisera (5) and the bwnding to
antibody affinity columns (14) were compatible
with the concept that 60 10 90 per cent of the 1otal
acuvity of Na-IF 1s antigenically similar to the
major component of Le-IF, and 10 to 20 per cent is
aspecies of F-IF 1n the present work the variability
of the ratios for Le-IF/Na-IF suggests that the
antigenue determinants of these interferons are not
1dentical

‘The ratios of neutralizing activities for Le-IF/F-
IF varied 1n the present work from 2 to 500. This
wide range agrees well with the results reported
previously (3, 11, 19} Abouta 5-fold increase in the
ratios was found i each of the ammals during the
course of the immunization. At the same time the
neutralizing ratios for Le-IF/Na-IF increased to
some degree Thus, with the immunization progess
the antisera became increasmgly specific towards
the main antigeruc component of Le-IF Tt 1s worth
moing that, as a general rule, a

attained in the present work. Indeed, the anu-F-1F
levels elicited in sheep no. 2 are the highest ever
reported. Potent antisera produced by immunization
with Na-IF and with F-IF are needed to analyse the
antigenic relationships between Le-IF, Na-IF and F-
IF. ii) F-IF is antigenically monospecific and able to

imulate the synthesis of izing antibo-
dies 1o the main antigenic component of Na-IF and
Le-IF. The cross-stimulation which exists even in
the late phase of the immunization process would
suggest a close antigenic relationship, and wpu!d
also explain the increased specificity of antisera
obtained in the prolonged immunization with Le-IF.

Tn sheep no. 2 the decrease in the anti-F-1F and
anti-Le-IF levels was not parallel after the booster
with F-IF. This supports the concept. based on
affinity chromatography studies, that the neutrali-
7ing activities against the two antigenic components
of Le-IF reside in distinct antibody populations {1,
19).

Gutnea pigs, rabbits and sheep differed in their
responsiveness to P-IF. As far as the potency and
the amount of antisera are concerned, the sheep
seems Lo be the animal of choice A low dosage of P-
1F was sufficient for the imitial immunization of the
sheep, although it evoked anti-interferon levels that
‘were barely measurable However, the sheep proved
to be sensuzed sufficiently to respond well to
boosters with FCA. In terms of the dosage of P-IF,
the following guide can be suggested for the
effective 1mmunization of sheep. 8 to 10 weekly
injections of 1 105 units per kg without adjuvant
and a booster of 2.9 105 units per kg with
adjuvant Several studies are currently in progress at
different laboratories to evaluate how useful the
antisera produced n this work are for the
purification of various human interferons by
affinity chromatography.

mmunization 1s characterized by tncreasing avidity
and decreasing speaificity of the developing antibo-
dies.

The F-IF booster after the i

The interferon preparations used 1n this study were
obtasned through the courtesy of Professor Kar Cantelf,
MD 1am also grateful to Professor Cantell for his

Gon with 12-1F {sheep no 2) strongy elevated the
Teulralzing acuvity against FA1F in the form of an
anamapestic response It also elicited a detectable rise
n anu-Na-IF and anu-Le-IF fevels. At least two
hyporheses may be offered to explain the elevation
of anti-Na-IF and anti-Le-IF levels. 1) F-IF contains
2 minor antigemc component similar to the major
Component of Le-IF and Na-IF This does not agree
with the findings 1n earher reports. The antisera
fassed agamst F-IF alone have fated to neutralize
Le-IF (3. 11, 19) 1t shouM be noted, however, that
lhsg antisera have shown very low anti-F.IF
aclvity as compared to the neutralzing activities

and help th this work, and to
Professor Kimmo Aho, M D for his advice and crtticism
m the preparation of the manuseript This study was

supported by a grant from the Fwmish Cultural
Foundation
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TABLE 3. Highest Anti-Interferon Titres for Le-IF, Na-IF and F-IF Attained in Different Animal Species by
Immunization with P-IF

Amount of P-IF

Neutralizing activities against

Animal (n) injected
x 106 units/kg Le-IF Na-F F.IF
Guinea pig (3) 10.00 15500 6000 <360
{6.8-12) {6000-30000) {2400-15000) {<300-900)
Rabbit (4) 16 162000 56200 10000
(1.0-8.5) (150000180000} (30000-90000) (7500-15000)
Sheep (3} 1o 186300 44600 10000
(0 8~2.6) (120000-300000) (12000240000} (1500-45000)

Tmmunization schedules are described in Materials and Methods and in the legends to Figs. | and 2. The geometric
means together with the range are given for the injected interferon amounts and neutralizing titres attained. The
amount of P-IF injected represents the minimum dose needed to raise the peak antibody level.

interferon levels obtained in rabbits and sheep were
about the same. Clearly fewer interferon units per
kg of bady weight were used for immunization of
the sheep as compared with the rabbits. The ratios
of nentralizing activities were roughly the same in
the three animal species.

F[F Booster after fmmunizatiort with P-IF

Sheep no. 2, preimmunized with P-IF (Fig. 2).
received 2 booster of 2 million units of F-IF with
FCA (Fig. 3. A rapid 50-fold rise in neutralizing
activity against F-IF developed. The peak activity
(45,000 was as high as the highest anti-F-IF level
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1o Fig. 2 1V denotes the F-IF booster 0

296

no 2. The initial immuniZaton and boosters with P-IF are

2 milhon units with FCA given at the time indicated by
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FORMATION OF COMPLEXES COMPOSED OF
CTr, CTs, AND CT INACTIVATOR IN HUMAN
SERUM ON ACTIVATION OF Ci

ANNA-BRITA LAURELL, U JOHNSON, U MARTENSSON and A G. SIOHOLM

Institute of Medical Microbiology, Department of Jmmunology, University of Lund, Lund, Sweden

Laurell, A -B. Johnson, U , Mirtensson, U & Sjoholm. A G Formauon of complexes composed of

Clr, CTs, and CT mictvator 1n human serum on actvation of C1 Acta path microbiot scand Sect.
€, 86 299-306. 1978

€1 subcomponent complexes 1n normal serum incubated with Clq binding subsances of with
proteoitic enzymes were siudied by crossed immunoelectrophoress Clr, Cls. typsim, Heat agg(tgasad
1G, inmune compieres, cefl-bound antibody or complexes of Cereacuve protem With pratanmine
sulphate gave mse 10 dssocation of CL and the appearance of Cls protan 1 the o) posiuon. Iy
comrast, plasmon, DNA and endotosin did not affect the normal Cls protein patiern Following
ttubauon with €T, CTs, trypsin. or compleses contasning Crreactive protein, the Clg in serum was
found 1 3 cathodal posiuon similat 1 that of punfied Clg_The Cls protein in the a3 position was
shown to be part of 3 tomples composed of Clv, Cls and C1 mactvator proteins Clr in the comples.
was only derected wnmunochemically by wsing ants Clr and ants Cls in combination. The complex had
2 motecular weight of about § % 105 daltons The resulis show that complexes of Clr, Cls and CT
wactivator proteins 1 serem are formed on € achvaton, wmplying that the completes contain
actvared Cly and Cs {CTCTs-C 1A} Cly-Cls complexss with §) mobility were not formed in
wire ) Chr-Cls compleses w pathotogical sera could be converied to CTr-Cls-CT 1A by wreatmem
with Civ and CTs and also, provided Clq w2s available in Serum, by treatment with heat aggrezated
15G T was conchuded that f1 Clr-Cls complexss 1 serom comain €It and Cis n proenzyme form

Key words C1 subcomponent complexes, C1 activation, crossed immunoelectrophoresis

A B Laurell. Insutute of Medical Microbiotogy. Solvegatan 23, S-223 62 Lund. Sweden

Acocepted as submttted 20 vu 78

M ClisaCar+ comp-
fex of Clq, Clr and Cls {20} On agarese
electrophoresis with Ca** m the pel medum,
mattomolecular C remains at the application site
ascan be 4 by crossed
horesis using monospecific antisera to Clg, Clr and
Cls {15) Some pathological sera contan high
amounts of Cir and Cls proteins not associated
with C1q. and these yreld Cls precipitates in the §,
nd a regions on analysis by crossed immunoelect-
rophoresis {11, 15, 16) Cls with g, mobility was
shown to be complexed with Cle., whereas the Cls
in the ay region was found to be part of & complex.

Cls (3, 35), complexes of Cir, Cls and CT
i Proteins in serum appear to reflect
activation of C1 and may be designated CTr-CTs-CT
IA. The present investigation deals with the
{ormanon in vitrg of CI subcomponent complexes
in normal serum using proteolytic enzymes and
kaown activators of C1 such as aggregated G,
immune complexes and compleses of Cereactive
protein with protamine sulphate.

MATERIALS AND METHODS

Normal serum. Blood was draw

n from
healtby donors and altowed 1o clot sppareutly

composed of Clr, Cls and CT inactivator proteins.
€15) Since the CT tnactivator teacts with Clr and

at room temperature.
Tor 1 bour. Aliquots of serum were kept at -80°C, "
Sera contaimng CIr-Cls complexes Ciq deficient
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Fig 2 Crossed mmunoelectrophoresss of Clg 0 15 M
barbita] buffer contairung Ca ++ m both electrophoretc
steps

A Normal seram

B Normat serum incubated with CTr

C Punfied Clq

Arrow indicates application site Anode to the nght

about 60 per cent of the normal serum level of Cly
as determined by eleclrmmmunoassay Addition of
CTsat tess than 10 U per mi and of CTr at less than
Pet cent of the normal serum level of Clr did not
appreciably affect the electrophoretic pattern of Cls

Incubation of normal serum with trypsin from
Olwo0s mg per mi simularly reduced the amounts
of C1 at the appheation site and resulted in the
ppearance of Cls protetn 1n the a3 region and Clq
1 cathodal position In contrast, plasmin did not
influence the Cls Protemn pattern 1n serum, even at
tugh concentrations (7 5 CTA unuts per mp)

Heat aggregated IeG. Beginning at 0 | mg per
ml. aggregated IgG increased the @2 Cls precipiiate
When tncubated with normal serum at 37°C for 60
funutes Incubation of serum with IgG aggregates
3108 and gt | mg per ml resulted 1n the gradual
disappearance of Clr and Cls from the application
Stte. assoctated with a shyft of the C1s protein to the

3A,B. O Clg could not be
mmunoelectrophoresis, most

crossed
Lkely due 1o binding of the protein to IgG

2ggregates
Immune omplex formation Fifty 1 aliquots of

serum were mixed with 25 pl of antiovalbumin and
25 pl of ovalbumin and incubated at 37°C for 60
minutes. Ovalbumin was used at finat concentra-
tions ranging from 1 to 1000 pg per ml. Following
incubation, the amounts of Cls protein in the ax
position were increased over the whole range of

1| i it Anti in or oval-
bumin added to serum alone did not influence the
Cls protein pattern The amounts of Cls 2ppearing
in the o) region were greatest in the zone of far
antigenic excess (1000 pg per m) and in the zone of
equivalence (5 g per ml)

Cell-bound antibody. Formalinized sheep eryt-
hrocytes at 10'¢ per m1 carrying various amounts of
12G or IgM antibody were incubated with serum at
37°C for 60 minutes. Afier incubation of serum
with cells coated with the minimal agglutinating
doses of antibody, the Cls protein pattern resemb-
led that obtained with aggregated [gG at | mg per
mi (Fig. 3C) At approximately 25 per cent of the
minimal agglutinating doses of 1egG or IgM

C :

fgu J] Crossed 'mmunoelectrophores;s of Cls in serum

Mal step in presence of has

St¢p 1n presence of EDTA. o cleaphorenc

A. Normal serym Incubated at 370¢

B Normat Serum mcubated wyp e
0.5 mg per ml)

C: Normal Serum incubay
mg per o),

for 60 minutes
eat aggregated G

ed With heat aggregated 1 ()



serum from a patient with chronic urticaria (16) and

serum from a patient with recurrent pneumococcal otitis

media (11), were kept in aliquots at —80°C until

analyzed.
Pu

ation of . Clq and CT
inactivator (CT 1A) were prepared according to published
methods (26, 34) Clr protein was purified as described
previously {15). The preparation contained no Clq or
Cls assessed by i hemical methods. I i
with Cls resulted in ATFe hydrolysing activity,
indicating that the Clr was in the active form, CTr (23).
The Cls used was prepared according to Sakai & Srroud
(1973) and further purified by preparative agarose
electrophoresis. Cls was prepared according to Haines &
Lepow (1964) and further purified by gel filtration on
Sephadex G 200. The CTs contained no Clr detectable
by immunochemical methods.

Trypsin (2 x crystatlized, Bovine pancreas, type III,
Sigma, St. Louis 18, Missouri, U.S.A.) was dissolved in
0.0025 M hydrochloric acid at 10 mg per ml.

Human plasmin (KABl 1873, Dt1C 38, AB Kabi,
Stockholm, Sweden) was used, containing 15 CTA units
per ml as defined by Joknson er al. (1969).

Heat aggregated IgG. Commeraal IgG (AB Kabi,
Stockholm, Sweden) at 10 mg per mi, pH 6.5, was
heated at 63°C for 30 minutes.

Immune complexes. Ovalbumin {Grade V, Sigma, St.
Louis 18, U.S.A ) and the purified IgG fraction of rabbit

in were used, ining 0.17 mg antibody
per ml as determined by quantitative precipitation (12).

Cell-bound antibody. Formalinized sheep erythrocytes
(33) were coated with rabbit IgM or 1gG antibody. The
minimal agglutinating doses were determined The
coated cells were washed 4 times before addition to
serum.

C-reactive protein (CRP) was punfied from pooled
human serum or from ascitic uid (ohnson & Prellner

1977

Complexes of CRP with protamine sulphate were
prepared as described by Kaplan & Volanakis (l974.)

DNA (Deoxyribonucleic acid, Calf thymus, Worthing-
ton Biochemical Co., Freehold, N Jersey. US.A ) and
Endotoxin (Lipopolysaccharide W E coli 0 111B4,
Difco, Detroit, Michigan. U S A } were used in phystolo-

ical saline -

£ Antisera. Monospecific antisera to Clg, Cir, Cis, Ci
1A, and C-reactive proten were obtaed as described

earlier (10, 15, 27)

Elec y (19) was employed for determi-
nation of Clg, Clr, Cls and CT 1A (27, 30} and of IgG,
. 6) and CRP (10).
e ph is (18) of C1

ossed i 0
o n serum was carfied out as described previously

es of CRP with protamine sulphate were
noelectrophoresis using

nents |
(15). Complex
also detected by crossed 1mmu

antt CRP.
Gel filiratio

« on Sepharose-CL 68 (Pharmacia Fine

v formed in 2
< 1s AB, Uppsala, Sweden) was per
?;m:m cm column with 0.05 M acetate buffer ‘Sa}sl
5.5 0.2 M NaCl, 5 mM CaCly (4). The column

300

“r
calibrated by determination of 1gG and IgM. Fractions
were concentrated by pressure dialysis using a X\-50
membrane {Amicon B.V., Qosterhout /N.B /, Halland).

RESULTS

As described previously (15), analysis of the Cls
protein in normal serum by crossed immunoelect-
rophoresis with Ca++ in the first and EDTA in the
second electrophoretic step gave a sharp precipitate
corr ing to CI at the applica-
tion site and a minor precipitate in the ) region
(Fig. 1 A). Using 0.15 M barbital buffer as applied
for crossed immunoelectrophoresis of Clq (16), the
Clq in serum appeared slightly cathodal to the
application site {Fig. 2 A), together with Clr and
Cls.

Proteolytic enzymes. Incubation of normal serum
at 37°C for 15 minutes with Cr (Fig. 1 B)or CTs
resulted in a decrease of the Clr and Cls associated
with macromolecular Cl at the application site, and
an increase of the «y Cls precipitate. Clq protein
was found in the same position as purified Cla,
cathodal to macromolecular Cl (Fig. 2B, C) In
these experiments, the CTs was added at 100 U per
ml as determined by hydrolysis of ATEe (14). CTr
was used in a final concentration corresponding to

!
b .

Fig I Crossed immunoelectrophoresis of Cls in serum

Initsal separation 1n presence of Ca **. second efectrop.

horetic step 1 presence of EDTA

A Normal serum tncubated at 37°C for {5 minutes

B Normal serum incubated with CIr at 37°C for 15
minutes

Agarose electrophoresis of normal serum shown for

reference.
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Fig 2 Crossed immunoelectrophorests of Clg 0 15 M
basbual buffer containng Ca++ 1n both electrophoretc
steps

A Normal serum

B Normal serum incubated with CTr

€ Punfied Clg

Arrow indicates application site Anode to the right

2bout 60 per cent of the normal serum level of Clr
a5 determined by electroimmunoassay  Addiion of
Clsat less than 10 U per ml and of CTr at less than
§ per cent of the normal serum leve] of Cir did not
2pprecuably affect the ¢lectrophoretic pattern of Cls

Incubaon of normal serum with trypsin from
011005 mg per mi simitarty reduced the amnounts
of CI at the application site and resulted in the
appearance of Cls protemn 1n the a:regronand Clg
t cathodal position 1n contrast, plasmin did not
mfluence the Cls. Protein pattern in serum, even at
hugh concentrations (7 5 CTA

S, associated with a shuft of
%2 poson (Fig JA, B, C
detected by crossed immunoelectrophorests, most

Ukely due 10 bindun,
g of th i
Pl ® protein to IgG

Immune complex formation Fifty u ahquots of

serum were mixed with 25 pl of antiovalbumin and
25 pl of ovalbumin and incubated at 37°C for 60
minutes. Ovalbumin was used at final concentra-
tions ranging from 1 to 1000 pg per ml Following
incubation, the amounts of Cls protein in the a2
posttion were increased over the whole range of

i i Anti in or oval-
bumin added to serum alone did not influence the
Cls protein pattern. The amounts of Cls appearing
in the ay region were greatest in the zone of far
antigenic excess (1000 pg per mb) and in the zone of
equivalence {5 pg per ml)

Cell-bound antibodv. Formalinized sheep eryt-
hrocytes at 1049 per ml carrying various amounts of
TG or IgM antibody were incubated with serum at
37°C for 60 minutes. After incubation of serum
with cells coated with the minimal agglutinating
doses of antibody. the Cls protein pattern resemb-
led that obtamed with aggregated IgG at 1 mg per
ml (Fig 3C) At approximately 25 per cent of the
minimal agglutinatng doses of 1gG or IgM

Fig 3. Crossed immunoelectrophoresis of Clsin serum
Initial step 1n presence of Ca++, second electrophorenc
step in presence of EDTA

A Normal serum mcubated at 37°C for 60 munutes
B Normal serum »

ncubated with heat aggregated 1gG
(05 mg per mh) B

C: Noemal serum mcubated with
mg per mi)

beat aggregated IgG (1



B
=sns §

Fig. 4. Crossed immunoelectrophoresis of Cls in serum.

Ca++ present in the first, EDTA 1n the second

electrophoretic step.

A: Normal serum incubated with C-reacuve proten (50
pg per ml} at 37°C for 30 minutes

B: Normal serum incubated with C-reactive protemn (50
g per ml) and protamine sulphate (200 pg per mi) at
37°C for 30 minutes.

A

B

of Cls m a

immunoelectrophotesis
i s of Clr and

m t
C Clq.
ts and normal amounts of _
i- ‘Serum incubated at 37°C for 15 minutes.
B-’ Serum incubated with CIr at 37°C for 15 minutes.
e in the first, EDTA in the sécond electrophore-

tic step

Fig. 5. Crossed
ical seru.
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antibody, an increase of the ay Cls protein was st
evident as compared to controls using unsensitized
cells or serum incubated in the absence of cells.

CRP complexed with protamine sulphate. CRp
was added to serum at 50 pg per m! and incubated
with protamine sulphate at 37°C for 30 minutes,
Protamine sulphate was used at 100 pg and at 200
g per ml. With neither dose of protamine sutphate
did Clg, Clr or Cls remain at the application site
ort crossed fmmutioelectrophiotests. The Crs protein
was detected in the ay region (Fig. 4 A, B) and the
Clq in a cathodal position. Protamine sulphate
alone did not change the Cls protein pattern of
normal serum. When protamine sulphate was used
at 200 pg per ml, part of the CRP could be shown to
be complexed with the substance as assessed by
crossed immunoelectrophoresis using anti-CRP in
the gel.

DNA and endotoxin. Incubation ol serum at 37°C
for 60 minutes with DNA (2 mg per mb) or
endotoxin (0.8 mg per mi} did not appreciably affect
the Cls protein pattern on crossed immunoglectrop-
horesis.

Pathological sera containing Clr-Cls complexes
Two sera were studied, one with Clg within the
normal range (Fig. 5 A) as determined by electroim-
munoassay and one with C1q less than 1 per cent of
the normal. Following incubation with Clr (Fig.
5 B) or CTs, the serum with normal Clq showed 2
decrease of the Cls precipitate at the application site
(Fig. 5 B). In both sera increased amounts of Cls
protein appeared in the a; region, white no Cls
remained in B, position

Incubation of the serum containing Clq with
aggregated [gG gave rise to the same pattern as that
shown in Fig. 5B In contrast, incubation of the
Clq deficient serum with aggregated IgG did not
influence the Cls protemn pattern Thus, treatment
of serum with aggregated 1gG only resulted in the
disappearance of the Clr-Cls complexes when
macromolecutar Ci was available.

Gel filtration on Sepharose-CL 6B. Normal
serum containing small amounts of 8¢ Clr-Cls
complexes was fractionated on Sepharose-Cl 6B8. All
the Clq. Clr and Cls, as determined by electroim-
munoassay. emerged in fractions between the two
main protein peaks (Fig 6). CT IA appeared in the
main protein peak of the chromatogram fogether
with IgG. Crossed immunoclectrophoresis of the
concentrated fractions containing Clq. Clrand Cls
showed the same Cls protein patiern as serum prior
to gel filtration (Fig 7 A}

Normal serum incubated with aggregated IgG at
1 mg per ml, giving the Cls protein patiern shown

in Fig. 3 C. was passed through the same column.
Analysis of the fractions by electroimmunoassay



compleres found on in vitro activation of Cl in
serum showed the same reaction patterns s l}lxe
CTr-CTs-CT 1A complexes previously described in

5

"

o e
) &z
Enuton voume fo

Fig 6 Gel filiration on Sepharose-CL 6B of normal
‘serum noobated with heat aggregated 1gG (1 mg per mh
2 37°C for 60 mumutes Arrows tdcate the maxira of
e 1Y and 13O peaks As determined by g«umgmmu-
noassay, complexes of Clr, Cls and CI wactivator
proteins emerged With a maximum corresponding 10 an
¢lution volume of 280 mt

gave dufuse Cls precipitates in fractions emergmg
between the IgG and IgM peaks, Clr was not
detectable Addiion of anu-Cir to ant-Cls in a gel
contatning Ca** resulted m the appearance of
sharply out-hined precipitates in the electroimmuno-
assay, demonstrating the presence of a complex
contaimmg &t least Clr and Cls proteins On
electroummunoassay of the fractions with a mixture
of ant-Clr, ant-Cls and antu-CT 1A m the gel. the
height of the Clr and Cls contamng precipitates
was markedly decreased Thus, the complex detec-
ted contaned Cr, Cls and CT 1A protemns. Most of
1he CT LA emarged  the main, protewn peak of the
chromagram. indicating that only part of the CT IA
w serum was complexed with Clr and Cis
proteins No evidence was obtained to suggest that
Clq was present 1n the complex Using IgM and
18G as references the complexes contanng Cly,
Cls and CT 1A had a molecular weipht of
approximately $ . 105 daltons

Fracuons contammg the complex of Clr, Cls
and CT 1A proteins were pooled and concentrated
Analysis was carried out by crossed immunoelect-
rophoresss In the presence of EDTA 1n the second
cltrophoreue Siep. a precipiate m the a2 region
#as obtawnad suth aan-Cls that was sirat 10 he
@y precipitate m the serum prior to gel filtration
(Fig 78) Wuh Ca-* inboth electsophoretst steps,
ant-Cls gave 3 diffuse precipitate in the a position
{Fig 71C) Addition of anu-Clr sharpened the out-
\ine and decreased the height of the precipitate (Fig.
7D) Agalysis with a muxture of ants-Cly, anti-Cls
and anCT 1A gave an ay preciguate that was
further decreased 1n height (Fig. 7 E). Thus, the

some pathological sera (13).

A~

|
wny 0

Fig 7 Crossed immunoelectrophoresis of pooled and

concentrated fractions contuning Cls after gel fitravon

of serum on Sepharose-CL 6B

A Normal serum apolied to column

B-E Normal serum scubated with aggregated 1gG
applied to column

Initial separation m presence of Ca++, second

electrophoretic st2p 10 presence of EDTA

C~E Ca~+ present 1n both electropharetic steps

A-C Anu-Clsinthe gel

D Anti-Cls combined with ant-Clr in the gel

E Amu-Cls comtined with ant-Clr and anu-CT
acuvator w the get

A-B



DISCUSSION

The present investigation showed that substances
capable of activating C1, and proteclytic enzymes
such as Clr, CTs and trypsin, gave rise to
complexes containing Clr, Cls and CT 1A proteins
in normal serum. These complexes appeared after
incubating the serum with heat aggregated IgG or
celi bound antibody, and on the formation in serum
of immune complexes or complexes of CRP with
protamine sulphate. On the other hand, Clq binding
substances such as DNA and endotoxin (22, 31) did
not give rise to complexes of Cir, Cls and CT
inactivator proteins.

On crossed immunoelectrophoresis, the comp-
lexes of Clr, Cls and C1 TA proteins formed in
vitro were found in the a; region and showed the
same characteristics (Fig. 7) as the CTr-CTs-CT 1A
complexes previously described in normal and
pathological sera (15). The findings establish that a;
complexes of Clr, Cls and CI1TA in serum signify
activation of Cl as proposed earlier (15).

Following activation of Cl by proteolytic enzy-
mes, or by CRP complexed with protamine
sulphate, the Clq was shown on crossed immunoe-
lectrophoresis 1o be located in a similar cathodal
position fo that of purified Clq. In experiments
using heat aggregated IgG, the Clq was probably
bound to the aggregates, and was therefore not
detected by this method. Evidently, activation of C1
in serum resulted in dissociation of macromolecular
Cl into CTr-Cls-CT IA complexes and Clq
protein. The present study did not decide whether
binding of Clr and Cls protein to CT 1A precedes
the dissociation of C1 or not. The observation that
Clr becomes antigenically silent on activation of CI
(3) is in accordance with our earlier findings (15,
16) and with the data given in the present
investigation.

B, complexes of Clr and Cls n pathological sera
disappeared on activation of Cl by proteolytic
enzymes or by aggregated 1eG However, in Clq
deficient serum the Clr-Cls complexes were not

affected by treatment with aggregated IgG. The
findings provide further evidence that the Clr and
Clsin the ) complexes are in proenzyme form (15,

16) .

On Sepharose-CL. 6B gel filtration of serum
treated with 1gG aggregates, C lr-CTs-CT 1A
complexes showed an apparcng n}o)ecu!ar wexgh}_ of
about 5 % 105 daltons. This is in agreement with
the previous finding of CTr"CT sCT A comélezyi)&;
in the macromolecular fraction on Sephadex 0
(15). The precise structure of the complex ts no

known. .
Analysis by uvltracentr

some evidence that CT in s

fugation has provided
erum and CT prepared
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with purified reagents are unstable (1, 3). By
elgc(rophcresis on polyacrylamide gels complexes of
Cls and CT 1A were demonstrated following
incubation of CT with serum (1), However, CTr-
CTs-CT TA complexes were not identified with the
experimental design used in these studies

It has been proposed that the detection in normal
sera of ay CTr-CTs-CT IA complexes and By
complexes of Clr and Cls by crossed immunoelect-
rophoresis might be due to changes in the
equilibrium of C1 subcomponents during electrop-
horesis (1, 37). In our experience, B; complexes are
highly reproducible findings when present in serum
On serial sampling over long petiods, small
amounts of B; complexes occur transiently in
apparently healthy individuals, also when measure-
ments by elect indicate equimol
concentrations of Clg, Clr and Cls in se-
rum.Furthermore, the present recovery of CIr-Cls-
CT 1A and ClIr-Cls complexes on gel filtration of
normal serum seems to support the view that these
complexes were preformed in the serum. It is on the
other hand quite possible that the experimental
conditions used in crossed immunoelectrophoresis
favour the detection of small amounts of Cls-Cls
complexes and CT IA bound to Clr and Cls
proteins which may be difficult to detect by other
means. The high sensitivity of the single radial
immunodiffusion method described by Ziccardt &
Cogper {1978) for added Cls might not apply when
the Cls protem is complexed, explaimng their
failure to demonstrate »free Cls« in normal sera.

1t is well established that CTr activates purified
Cls (23, 35) and 1s involved in the activation of
macromolecular CI (36). According to recent
evidence autocatalytic activation of Cls (21) docs
not occur (32). Plasmin and trypsin have also beea
reported to activate purified Cls (24, 32).

Thus, available information as to the activation of
C1 subcomponents by proteolytic enzymes does not
clearly explain why CTr, CTs and trypsin caused
activation and dissociation of macromolecular Cl in
serum. Further work 1s required to define the mo-
lecular changes of Cl subcomponents associated
with C( activation by proteolytic enzymes. The
conclusion from the present work that plasmin does
not activate C1 n serum finds support 1n previous
studies on the activation of complement by strepto-
kinase (14) and on the cleavage of C4 by proteolytic
enzymes (29).

Increased amounts 1n serum of CTr-CTs-CT IA
complexes and/or Clr-Cls complexes have been
found in logical withan i
gical back-ground, suggesting involvement of the
complement system also in the absence of manifest
hypocomplementemia (2, 11, 15, 16. 28) Measure-




frent of C1 subcomponent complexes may bev of
Talue in the assessment of some immunological
diseases. A method for quantitative estimation of
CTr-CTs-CT A complexes by electroimmunoassay
$as been devised (17).

The results of the present investigation suggest
fhat activation of C1 by cuculaﬁng or tissue bound

mmuDe lexes

inogen and ufokinase in purified systems.
g}l:rsénmb.gbmm Haemorrh 2J: 259—27?. 1969.
Johnson, U. & Prellner, K.: Purification o}‘ c-
eactive protein on DEAE-cellulose by a simple
two-step procedure utilising the caleium dependency
of the protein, Biochim. et Biophys. Acta 495: 349~
353,1977.

(13), o by proteolytic enzymes may account for the
formation of CTr-CTs-CT 1A complexes in discase
Ou the other hand, the experiments described did
fnot explain the of Cir-Cls in
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media in children. Acta path. microbiol. scand Sect.
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Cl activation in normal serum suggested by the
presence of small amounts of CTr-CTsCT 1A
complexes may be part of processes by which
complement activation contuously takes place. If
50, the of of
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y. 2nd ed. Charles C. Thomas
Publisher, U.S A. 1967, pp. 22-96.

Kaplan, M. H & Yolanankis, J. E.: Interaction of C-
reactive protein complexes with the complement
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acivation under physiological conditions is clearly
evident.
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DISCUSSION

The present investigation showed that substances
capable of activating C1, and proteolytic enzymes
such as CTr, CTs and trypsin, gave rise to
complexes containing Clr, Cls and CT 1A proteins
in normal serum. These complexes appeared after
incubating the serum with heat aggregated IgG or
cell bound antibody, and on the formation in serum
of immune complexes or complexes of CRP with
protamine sulphate. On the other hand, Clq binding
substances such as DNA and endotoxin (22, 31) did
not give rise to complexes of Clr, Cls and CT
inactivator proteins.

On crossed immunoelectrophoresis, the comp-
lexes of Clr, Cts and C1 TA proteins formed in
vitro were found in the ay region and showed the
same characteristics (Fig. 7) as the CTr-CTs-CT 1A
complexes previously described in normal and
pathological sera {15). The findings establish that a;
complexes of Clr, Cls and CITA in serum signify
activation of C1 as proposed earlier (15).

Following activation of C1 by proteolytic enzy-
mes, or by CRP complexed with protamine
sulphate, the C1q was shown on crossed immunoe-
lectrophoresis to be located in a similar cathodal
position to that of purified Clg. In experiments
using heat aggregated IgG, the Clq was probably
bound to the aggregates, and was therefore not
detected by this method. Evidently, activation of C1
in serum resulted in dissociation of macromolecular
CI inte CIr-CTs-CT IA complexes and Clq
protein. The present study did not dgcide whether
binding of Clr and Cls protein to CT 1A precedes
the dissociation of C1 or not The observation that
Cls becomes antigenically silent on activation of Cl
(3) is in accordance with our earlier findings (15,

16) and with the data given in the present
investigation.

1 complexes of Clr and Cls in pathological sera
disappeared on activation of Cl by pralteolync
enzymes or by aggregated IgG. However. in Clq

with purified reagents are unstable (1, 3). By
electrophoresis on polyacrylamide gels complexes of
CTs and CT IA were demonstrated following
incubation of CT with serum (1). However, Clr-
CTs-CT IA complexes were not identified with the
experimental design used in these studies.

It has been proposed that the detection in normat
sera of ay CIr-Cls-CT 1A complexes and i
complexes of Clr and Cls by crossed immunoelect-
rophoresis might be due to changes in the
equilibrium of C1 subcomponents during electrop-
horesis (1, 37). In our experience, 8 completes are
highly reproducible findings when present in sefunt.
On serial sampling over long periods, smali

of B o occur transiently in
apparently healthy individuals, also when measure-
ments by electroi indicate equi
concentrations of Clg, Clr and Cls in S
rum.Furthermore, the present recovery of CTr-Cls:
CT 1A and ClrCls complexes on gel filtration of
normal serum seems to support the view that these
complexes were preformed in the serum. Itis on the
other hand quite possible that the e(perimem_ﬂ!
conditions used in crossed immunoelectrophorests
favour the detection of smalf amounts of C1r-Cl$
complexes and CT IA bound to Clr and Cls
proteins which may be difficult to detect by other
means. The high sensitivity of the single radid
immunodiffusion method described by Ziccardi &
Cooper (1978) for added Cls might not apply when
the Cls protein is complexed, explaining ther!
failure to demonstrate »free Cls« in normal sefd-

It 15 well established that CTr activates purified
Cls (23, 35) and is involved in the activation of
accomolecular Cl (36). According to recent
evidence autocatalytic activation of Cls (21) does
not occur {32). Plasmin and trypsin have also bee
reported to activate punfied Cls (24, 32).

Thus, available information as to the activation of
C subcomponents by proteolytic enzymes does 200
clearly explain why CTr. CTs and trypsin caused

ivation and d uon of macromolecular C1 10

deficient serum the CIr-Cls were not
affected by treatment with aggregated IgG. The
findings provide further evidence that the Clr and
Clsin the ) complexes are in proenzyme form (15,

16).

On Sepharose-CL 6B gel filtration of serum

treated with 1gG  aggregates. Clr-CTs~CfT A
complexes showed an apparent molecular weight of
about § X 103 daltons. This is in agreement with

serum. Further work 1s required to define the Mo~
lecular changes of C1 subcomponents associated
with Cl activaton by proteolytic enzymes The
conclusion from the present work tha plasmin does
not activate Cl in serum finds support in previous
studies on the activation of complement by strepto-
kinase (14) and on the cleavage of C4 by proteolytic

enzymes (29).
I in serum of CTr-CTs-CT 1A

the previous finding of CTr-CTs-CT 1A ¢ plexes

and/or Clr-Cls complexes have been

tecular fraction on Sep

in the macr C
;?5). The precise structure of the complex is not
e racentrifugation has provided

Analysis by ult
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some evidence that CT prep:
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found mn pathological conditions with an immunolo~
gical back-ground, suggesting involvement of the
complement system also 1n the absence of manifest
hypocomplementemia (2, I1, 15, 16, 28). Measure-
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LYMPHOCYTE SUBPOPULATIONS TN MAN.
EXPRESSION OF HLA-DR DETERMINANTS ON HUMAN
T CELLS IN INFECTIOUS MONONUCLEOSIS
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man Expression of HLA-DR determinants om human T cells m infectious mononucieosss Aca path
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i fectious mononucitosss the
1a a study of lymphocyte subpopulations in peripheral blood during inf
lymphocyz;sns was found to be of T-cell engin {1e E-RFC), while the number of non T )yrf!phocy‘:
(e EA-, EAC-RFC and Smig + ve cells) was normal 1n 7 out of 8 patients Ten patients were 1est
for the presence of HLA-DR determinants on theyr B and T cells and not only B lyn:lphochs but also
2 great gart (31-75%) of T cells were lysed by the anti HLA-DR testsera, indicating that IILA-PR
deternunants are expressed on a population of T calls tn IM patients. After recovery all patients were
reiested and showed 3 normal pattern of HLA-DR typing This indicates an jncrease of HLA-DR
antigens on T cells or a vigorous prohiferation of a small DR-posiive T-cell subpopulation during the
acute stage of 1M
Key words HLA-DR, T cells, wnfecuous mononucieosss

H E Johnsen, The Tissue Typing Labaratory, Umverstty Hospual, DK-8000 Aarbus C, Denmark.
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Swdies of membrane markers on peripheral
tood lymphocytes during the acute phase of
wlectious mononucleoss (IM) have revealed that
frnapally T- but also B-cells ace involved wn the
Yophocytoss €5, 6. 19, 29} The Epsten-Barr
wirs {EBV), which 15 supposed to be the ethiologi-
2l agent of M. can nfect human Ilymphocytes in
witro, establishing lymphoblastoid cell lines of B cell
ongin defined by membrane marckers as well as by
function (7, 22, 23, 32) The B lymphoblasts are
EBV nuclear anugen (EBNA) positive, and this
aMUEen can be used as an early vahd marker for
EBV infected lymphocytes (31} In peripheral blood
from [M patients only a few EBNA posttive
blastowd cetts (0 5~2 %) have been found in the non-
T-cell fractyon, and none in the T-cell fraction (14)

The hypothesis of the pathogenesis in IM is that
ERV snfects only normat B fymphocytes with the

speaifie virus recepior (7, 11, 31) converting them
into eeils with a potential for unlimited prolifera-
ton, These cells contain EBV genetic material,
which results in EBV-determinated membrane
antigens (MA) on the lymphoblasts These antigens
27t thoupht 10 be targets for a regulating immunolo-
gical response by B- and T-cells, which in concert
controf the infection and the EBV genome respon-
sible B-cell proliferation, hence severting 1M to 3
benign selfdimitng disease (1, 4).

Celtular mmunity during the 2cute stage is
suggested by the presence of cytotoxic T-lymphocy-
tes, specific for EBV genome positive targets {25,
26) which would stop the proliferation in vivo by
actually destroying the transformed cells, Antibo-
dies against MA have been proposed to be
Lmportant in the subsequent control of the persisti
tatent EBV infectian, (12), prisstiog

Another attractive mechanism is that B-celi
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HLA sorkshop 1977 (2). The T-cell suspension (E-RFC
eanched) and the Bcell suspension (E-RFC depieted)
waetisted in paratiel by a selected set of workshop Y"
1ohsera defining six DRw speaficites Each speaficity
ws defined by a munimum of two testsera; DRwl. sera
Nes. 09, 128, 152, DRw2- sera Nos. 14, 16,17, 18, 21,
£0,81: DR« 3 seraNos 24,25,26,27,34,35,95, 133,
180, DR 4. sera Nos 37, 38, 104, 106, 129, DRw7.
sera Nos 51, 52, 53, 54, 72; DRw§- sera Nos. 58, 112

Atsorption experiments 100 32 of serum No, 054
DRwI), which was positive with two of the patients' T
10d B cells, was muxed with an equal number (30 x 106
*Ds / 100 gl serum) of T eells from the patient and 2
wima) DRwT posiuve individual, respectively The
murture was then mncubated first at 20° € for 30 minutes
iod then at 37° C for 30 munutes. The reactvity of the
Isorbed serum was tested against T and B cells from the
Aafent and the normal person

RESULTS

ymphocyte Subpopulations Quantitated by
fembrane Maskers

Sernal quanttations of subpopulations in periphe-
4 blood were conducted on 8 patients with IM.
‘able | shows that all patients had an mnitial leuco-
2 lymphocytosis. The relative numbers of E-RFC
Ve tt, 20d and 3rd sample show no significant
ference compared ta the normal values, On the
‘her hand the percentages of EA- and EAC-RFC
‘e significantly decreased in the Ist and 2nd sample
mpared to the 3rd sample and the normal values.
be of Smig positive were
A sigmificantly altered during the investigation.
The number of cells phagocytozing latex particles
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proliferation is controlled by the presence of
suppressor T-lymphocytes as suggested by Thorley-
Lawson et al. (28). Indeed, there are experimental
data in man, which describe a propably non-
cytotoxic inhibition of the in vitro outgrowth of
EBV transformed lymphoblastoid cells, which is
related to T cells from IM patients and previously
infected persons (21, 28). If human suppressor cells
exist they may be a subpopulation of T-cells with
human la-like or HLA-D related (HLA-DR) anti-
gens on the surface, in analogy to the suppressor T-
cells defined in mice, which abrogates the B celf
bl

minutes) and adjusted to 3 x 106 cells per ml BSS. The
total lymphocyte yield during the isolation procedure
was calculated for all suspensions.

Phagocytes were identified by the latex ph:
test {30): two ml of the cell suspension was mixed with
100 pl of a 1% {v/v} latex suspension (diameter 0 §]
pm) and 2 ml fetal calf serum (FCS). After incubation st
37° C for 30 minutes the cells were washed twice and
d in BSS. This was used for the
further i ion of lymph markers.

Quantitation of E-rosette forming cells (E-RFC) was
performed as previously described (15). Briefly, sheep
red blood cells (SRBC) were treated with 0.14 M 2-
i isothi jum bromide (AET) (Sigma),

proliferation and differ The r
subpopulation has been identified with Ly-2,3, and
Ia surface antigens (8, 17, 20).

The human la-like or HLA-DR antigens are
serologically defined and coded for by the major
histocompatibility complex (MHC} of man, and
they are closely associated with or even identical (o
the D-locus antigens identified by mixed lympho-
cyte culture (MLC) typing (2). HLA-DR antigens
are the human counterpart to the serological defined
i p iated (Ia} anti; in mice
coded for in the central I region of the H-2 complex.
In contrast to the classical HLA-A, B and C
antigens present in the membrane of all lymphocy-~
tes, the HLA-DR antigens are predominanty
expressed and defined on B-lymphocytes, while T-
lymphocytes isolated from peripheral blood do not
present detectable HLA-DR antigens on their
surface.

In view of the hypothesis concerning suppressor
cells in IM we decided to investigate whether HLA.
DR antigens were present on IM T-cells.

MATERIALS AND METHODS

Patients Ten patients (age t1-30 years, S/Q 8/2)
with the diagnosis IM were selected on the basis of
clinical features, relative and/or absolute lymphocytosis
1n peri] blood ding atypic p! tes and the
occurrence of a pasitive test for heterofile agglutimng
(Paul-Bunnel or Monospot tests).

Blood samples were obtained from the patents during
the first fortmght afier the onset of disease Eight patients
were retested during the following week and 1n the
reconvalescence period 4-14 weeks after the onset of
symptoms Two patients, who could not be remnvesuga.
ted, were excluded from the study of Iymphocyte
subpopulations.

Igszwtron of mononuclear cells Defibrinated blood was
used as previously described (9). Cells were isolated ad
modum Boyum (3) with local modificauons. the blooi.
dituted 12 n BSS, was layered on Lymphoprep

(Nygard & Co A/S, Oslo) centrifuged with (,000 G at
the nterphase for 20 minutes. Afononuctear cells m;r;
harvested and washed twice m BSS (500 G for
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washed in saline and resuspended to 1% (v/v) in BSS
with 40% fetal calf serum (FCS). Duplicate tubes with
100 w1 of tymphocyte suspension with 100 p! AET-
treated SRBC suspension were incubated at 37°C for 15
minutes, then centrifuged at 45 g for 5 minutes, and
incubated overmight at 4° C. After toluidine blue staining
and gentle resuspension, rosettes were scored in a
Burker-Turk haemocytometer; counting lymphocytes
with § or more SRBC attached as rosettes. A total of 200
lymphocytes were counted.

Quantitation of erythrocyte antibody- (EA) and ent-
hrocyte antibody complement« (EAC) RFC was performed
as previously d 10 A 1% w/vhin
BSS with [0% FCS of EA and EAC indicator cells was
prepated after sensitization of ox erythrocytes (ORBC)
with a hyperimmune rabbit anti-ORBC serum (serum
A7) and a zymosan-treated normal buman serum (3R3«),
respectively. The A7 serum contains anti-ORBC antibo-
dies of the [gG class, while the »R3« serum contans
antibodies of the IgM class and is deficient 1 CS and
hence nonhaemolytic.

The rosette tests were performed m duplicate by
mixing 100 pl of the mononuciear cell suspeasion and
100 pl of the indicator cells, alter centrifugation at 45¢
for S munutes the test tubes were incubated at 37° C for
15 minutes, followed by 4° C overnight. Enumeration of
RFC was done after toluidine blue stamng, countng a
total of 200 lymphocytes.

Quantitation of Smlg-positive lymphocytes Smlg-
positive cells were enumerated by a shghdy modified
direct immunoftuorescense techmique {18} In breef. 1=2
x 106 lymphocytes were imcubated at 4¢ C for 30
minvtes in 100 p} FITC-conyugated polyvalent rabbit
antthuman g (Dakopatts, Denmark) diluted | 10 After
two washes scoring was performed 10 a fluorescense
microscope

Fractionanon of E- and non-E-RFC Brielly, 3 ml
Iymphocyte suspension was muxed with 3 ml of 1%
AET-treated SRBS m 40% FCS, centnifuged a1 50 g for
S minvtes, gently resuspended and flotated at 1000 g on
Lymphoprep® Non-E-RFC were harvested at the
nterphase and washed twice SRBC in the pellet were
Tysed by autologous serum, and the fymphocytes (E-RFC
enriched) were washed twice in BSS

Serological pping for HLA-DR determinanss The
techmque was the standard complement dependent
crtotonary (CDC) used for 1yping dunng the Vilth




HLA workshop 1977 2) The T-cell suspension (E-RFC

ennched) and the Becell suspension {E-RFC depleted) 124 Total
were tested in parallel by a selected set of workshop VII

antisera defining six DRw specificiues Each specificity

was defined by a minimum of two testsera; DRw/: sera 104

Nos 09, 128, 152, DRw 2: sera Nos. 14, 16,17, 18,21,
60, 81; DRw3. sera Nos 24, 25, 26,27, 34, 35,95, 133,
180, DRw4 sera Nos. 37, 38, 104, 106, 129, DRwT:
seraNos 51, 52, 53, 54, 72; DRw8-sera Nos 58, 112
[¢)]

Absorption experiments 100 pl of serum No 054
{DRw7), which was posttive with two of the patients” T
and B cells, was mixed with an equal number (30 x 106
cells / 100 12 serum) of T cells from the patent and a
normal DRw7 posive indivadual, respectively. The
smuxture was then incubated first at 20° C for 30 minutes
and then at 37° C for 30 munutes The reactrvity of the
absorbed serum was tested against T and B cells from the
Patient and the normal person

RESULTS

Lymphocyte Subpopulations Quantitated by
Membrane Markers
Sertal quantitations of subpopulations in periphe-

81 E-RFC
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Table } shows that all patients had an initial leuco-
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TABLE | Lymphocyte Subpopulations in Peripheral Blood from & Panents during IM
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Fig. 2. Serial quantrtations of EA-, EAC-RFC and Smig
positive lymphocytes 1n peripheral blood on patients
with IM. The hatched area 1s normal range vajues from
35 normal donors.

were less than 2 per cent, as expected, due to the
Iymphocytosis which will reduce the relative
number of monocytes. Normally the average
contamination of monocytes in the isolated suspen-
sion of mononuclear cells is 2.9% (range 0-5%)
due to use of defribrinated blood as blood source (9)

The relative yield of lymphocytes duning the
isolation from peripheral blood was calculated, and

cells in the other subpopulations were within
normal ranges. Only one patient showed ag
elevation of the total number of EA., EAC-RFC
and Smlg positive lymphocytes per pf blood in the
acute phase, returning to normal values in the
reconvalescence.

Identification of HLA-DR Antigens on the
lymphocytes

HLA-DR typing during the acute phase and in
the reconvalescense showed a pattern as depicted for
two persons in Table 2. Not only B lymphocytes
(non E-RFC) but also a substantial fraction of the T
cells (E-RFC) were killed in the HLA-DR assay.
This phenomenon was found in all IM patients
tested during the acute phase of the disease. During
reconvalescensce the patients were retested and
showed the usual DR typing pattern, i.. less than
10% Kkilled lymphocytes in the T-cell suspension.
Further, all testsera reacting positive with a given
patient’s B and T cells during IM reacted with the
same donor’s B cells after the disease. Sera
identifying other HLA-DR specificities than those
on lymphocytes of the actual patient consistently
gave negative results (i.e, <10% killed T as well as
B cells). These results indicate that HLA-DR
determinants are expressed on a population of T
cells in patients with IM.

Semiquantitation of DR + ve Lymphocytes in the
T- and B-cell Fractions

The E-RFC enriched and depleted suspension
used in the lymphocytotoxic assay were marked
with surface membrane markers 1n six patients 25
shown in Table 3. In the T-cell suspension 78-95%
E-RFC was found and less than 11% of the cells
had B-cell b markers recep-
tors and Smig). Only 0-(5% of E-RFC were found
in the B-cell suspension which contained nearly all
Smlg + ve lymphocytes in a range of 58-75%.

Further the DR-typing resulted in 21~75%
killed lymphocytes in the B-cell fraction and 31~
75% cytolysis in the T-cell suspension Thus the
number of lysed cells m the E-RFC enriched
suspension exceeded the number of contaminating B
cells. The semiquantitation (Table 3) is based on the
average obtatned with 3~12 positive testsera.

no changes were found for any sample p t0
normal controls indicating that no selective loss of
cytes occurred (9).
lyxg:]i?n::ion of the absolute number of cells ifx the
varjous jymphocyte subpopulations per pl perfphe-
ral blood gave results as shown inFig- 1 :}nd Fig. 2.
In 7 of 8 patients tested the lymphocytosis was due
only to E-RFC, ie. T iymphocytes. The number of

10

Absorption Experi
Two of the patients were HLA-DRw7 + ve and
serum No 054 (anu-DRw7) were titrated against
their T and B cells and compared to the reactivity
against two normal HLA-DRw7 + ve persons. Two
experiments were performed each with one patient
and one normal donor; both experiments gave
identical results, and only results from one experi-
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TABLE 4. Reactivity of Serum No. 054 Ganti HLA-DRw7) before and after Absorption with T Cells

Anti HLA-DRw? serum dilution

—_— .

Lymphocyte

suspension 1 2 4 8 16 32
Patient E-RFC depleted b bl bidd . . -

E-RFC enriched il b v o . -
Normal E-RFC depleted hidd bl ses . . -~ Unabsorbed
donor E-RFC enriched - -~ - - - -~
Patient E-RFC depleted e b b . - ~  Absorbed with

E-RFC enriched bl . hd M - ~ E-RFC enriched
Normal E-RFC depleted b b had * e el o

A - ~ the normal person

donor E-RFC enriched - ~ - -~ =~ (30X 106cells/100 al)
Patient E-RFC depleted . ~ - ~ - ~  Absorbed with

E-RFC enriched - ~ - - - ~  E-RFCenriched
Normal E-RFC depleted - - - ~ - - ls!‘:es ;;,:E;tllse‘:ln from
donor E-RFC enriched - - - ~ - = {30 x 106cells/ 100 pi}

Patient No. XI; HLA-DRw1/DRw?
Normal donor; HLA-DRw2/DRw7

ment is shown (Table 4). The titre against patient B
and T cells was equal to the titre against the normal
B cells. After absorption of the serum with normal
T-cells, the strength of the serum was only reduced
slightly. But an equal number of patients’ T cells
absorbed completely the activity against own T and
B cells as well as the normal donor's B cells. Hence
itis le to lude that the ficity of the

latex phagocytose test, resulting in elution of the
cold reacting autoantibodies. On the other hand the
EAC indicator cells identify the C3 receptors on the
B cells, which is topographical near to the EBV
receptor (13), and our estimates of EAC-RFC could
be too small due 10 a steric hindrence from adherred
EBV. However, this is unlikely as it has been
i to identify EBV on the surface of

»nepantigens« on the T cells during IM is identical
to the specificity of the HLA-DR antigens on the B

lymphocytes.

DISCUSSION

The present study d that the ¥
tosis in peripheral blood during the acute stage o
IM is due to E-RFC, while the total numbers of
EA-, EAC-RFC and Smlig positive lymphocytes are
pormal. Other studies have revealed an increase also
in the B-cells, but this was only found for one
patient in this study. An important technical faf:tox
may explain this discrepancy, ie. »co}d« autoantibo-
dies against lymphocytes occur during IM G5, 16,
24, 27) resulting in an elevated percent of Smig
positive lymphocytes due to staining of oelll-l’fxed
autoantibodies (30). This factor should be elimina-
ted by 37° C incubation of lymphocytes during the
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peripheral lymphocytes of IM patients. Consequ-
ently we must conclude that the lymphocytosis seen
in our patients is determined by T cells.

HLA-DR like antigens are present an the major
part of T celis during the acute stage of the disease.
The specificity seents to be identical to that of the B
cells during the disease and reconvalescence. Nor-
mally these B cell antigens cannot be identified on
the T cells by the microcytotoxic assay. Hence these
resufts indicate efther an increase of HLA-DR
antigen density on T celfs or that a smail HLA~
DR +ve T celi subpopulation proliferates vigero-
usly, and are demonstrable 1n peripheral blood.

The aim of this work was (o investigate whether
HLA-DR antigens could be 1dentified on T lympho-
cytes during IM, and our results certainly support
this hypothesis. The function of these cells, especi-
ally in refation to the possibifity of suppressor T-
cells as 2 limiting factor in IM is under investiga-
ton.
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suspension [ 2 4 8 16 32
Patient E-RFC depleted eree sre oo . . -

E-RFC enriched b wre are . . -
Normal E-RFC depleted hidd hidd vea #e . - Unsbsorbed
donor E-RFC enriched - - - - - -
Patient E-RFC depleted bt hiae A . ~ —  Absorbed with

E-RFC enriched i ad b M ~ - E-RFC enriched

ion from
Normal E-RFC depleted b wae v . o
A -~ ~ the normal person

donor E-RFC enriched - - - ~ -~ = (30 106 cells/ 100 p)
Patient E-RFC depleted * - - - -~ —  Absorbed with

E-RFC enriched - -~ - - ~ — E-RFCenriched
Normal E-RFC depleted - - - - - - ts:es ieal:fel:? from
donor E-RFC enriched - ~ - - - = (30 105cells/100 pl)

Patient No. XI; HLA-DRw1/DRw7
Normal donor; HLA-DRw2/DRw7

ment is shown (Table 4). The titre against patient B
and T cells was equal to the titre against the normal
B cells. ARer absorption of the serum with normal
T-cells, the strength of the serum was only reduced
slightly. But an equal number of patients’ T cells
absorbed completely the activity against own T and
B cells as well as the normal donor’s B cells. Hence
it is reasonable to conclude that the specificity of the
wneoantigens« on the T cells during IM is identical
to the specificity of the HLA-DR antigens on the B

lymphocytes.

DISCUSSION

The present study d that the lymphocy
tosis in peripheral blood during the acute stage of
IM is due to E-RFC, while the total numbers of
EA-, EAC-RFC and Smlg positive lymphocytes are
normal. Other studies have revealed an increase also
in the B-cells, but this was only found for one
patient in this study. An important technical faf:lor
may explain this discrepancy, i.e. ncold« antozntibo-
dies against lymphocytes occur during IM (5, 16,
24, 27) resulting in an elevated percent of Smlg
positive lymphocytes due to staining of oel_l'ffxed
autoantibodies (30). This factor should be elimina-
ted by 37° C incubation of lymphocytes during the

latex phagocytose test, resulting in elution of the
cold reacting autoantibodies. On the other hand the
EAC indicator cells identify the C3 receptors on the
B cells, which is topographical near to the EBV
receptor (13), and our estimates of EAC-RFC could
be too small due to a steric hindrence from adherred
EBV. However, this is unlikely as it has been
impossible to identify EBV on the surface of
peripheral lymphocytes of IM patients. Consequ-
ently we must conclude that the lymphocytosis seen
in our patients is determined by T cells.

HLA-DR like antigens are present on the major
part of T cells during the acute stage of the disease.
The specificity seems to be identical to that of the B
cells during the disease and reconvalescence. Nor-
mally these B cell antigens cannot be identified on
the T cells by the microcytotoxic assay. Hence these
results indicate either an increase of HLA-DR
antigen density on T cells or that a small HLA-
DR +ve T cell subpopulation proliferates vigero-
usly, and are demonstrable tn peripheral blood.

The aim of this work was fo investigate whether
HLA-DR antigens could be identified on T lympho-
cytes during IM, and our results certainly support
this hypothesis. The function of these cells, especi-
ally in relation to the possibility of suppressor T-
cells as a limiting factor in IM is under investiga-
tion.
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Lipopolysacchanide B (LPS) from £ cofi acts as a
nutogen on B-lymphocytes of the mouse (1) Since
the sesponse generated 18 polycional, LPS hos been
wrmed a polyclona) B cell acuvator (PBAY (2)
Lymphocytes from peripheral blood of human
adults do not respond to LPS (8), except oceasio-
nally w culturces {rom patients with certain disor-
ders (3} However, when sumulated wnh this
Tutogen, both spleen cells from human adults (5)
and leucocytes from peripheral blood of human
foetuses and neonates (umbilical cord) show a
response measurable by thymudine uptake, blast
transformation of muotc divison (8)

The a1m of the present study was 1o ascertain
whether the foetad &lls activated by LPS are B
lymphocytes or cells of some other category.

.

MATERIALS AND METHODS

Cells and cutture Lymphocyte suspensions were obtai-
ned from cord blood 1n an Isopaque-Ficoll gradient by
centnfugation Viable cells were counted in trypan blye
and culiured on disposable polystyrene mucroplates
(Cooke Micratiee® System Stertin Uid . Teddimpton,
UK} Each well contained 1105 X 105 celis m a totat of
90% RPMI 1640 (Gabeo Bio-Cult, Glasgow, Scotland)
and 10% heatumactivated pooled human AB serum L-
ghutanine (1 28 mM), pemcillin {321U/m1) and strepto-
myon 0032 pg/ml) were added Cultures were
incubared at 37°C mair contaimng 5% CQy

Mitogens Crysullized leuooaggluumn (LAY from
Pharmacia Fine Chemicals, Sweden, was used in a final
concentration of 20 pg/ml of cutiure medium Lipopoly-
sachande B (LPS) from Escherichia coli 055 BS was
purchased from Difco Laboratores, USA, and bouted in
water bath for 2 h before use at a final concentrauon af
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Lipopolysaccharide B (LPS) from £ coli acts as a
tutogen on B-lymphocytes of the mouse (1) Since
the response generated 1s polyctonal, LPS has been
termed a polyclonal B cell acuvator (PBA) (2)
Lymphocytes from peripheral blood of human
adults do not respond to LPS (8), except occasto-
nally in cultures from patients with certamn disor~
ders (3) However, when stumulated with this
mitogen, both spleen cells from human adults (5)
and leucocytes from peripheral blood of human
foctuses and negnates (umbilical cord) show a
response measurable by thyrudine uptake, ‘lasy
transformaton or mitote division (8).

The aun of the present study was 1o Asceriain
whether the foetat cells activated by LPS are B
lymphocytes of cells of some vther category.

MATERIALS AND METHODS

Celis and cullure Lymphocyte suspensions s ere obiai-
ned from €ord blood 1 an Isopague-Ficoll gradient by
centeifugation Viable cells were couned in irypan blue
and culiwred on disposable polystyrene microplates
{Cooke Muwrotuse® Sysiem Sterihn 124 . Teddington,
UK). Each well contaned 1195 % 105 cells in a total of
90% RPAI 1640 (Gibeo Bro-Cult, Glasgow, Scotland)
and 10% beat-taactivated pooted human AB serum L-
glutamine (1 28 m\0), penucstiun (3218 /i) ana strepto-
myan (0032 pe/ml) were added. Cuhures were
ncubated at 37°C inar contaming 5% €O,

Mitogens Crystallized feucoaggtutunin LAY from
Pharmacia Fine Chemucals, Sweden, was vsed 1n a figal
concentration of 20 pg/mt of culture medwim, Lipopoiy-
saccharide B (LPS) from Escherichua cofs 055 BS was
purchased from Difco Labocatonies, USA, ang bouled in
water bath for 2 b before use at a final concentration of



40 pg/ml. Pokeweed mitogen (PWM), Grand Istand
Bi!o:’c(i)gi(zl Company, USA, was used at a dilution of
1:100.

Cultures were harvested after 3, 5, 7 and 10 days, and
cells were analysed for surface markers.

Surface markers. Surface I staining was carried out
at 4°C as follows: 106 lymphocytes were incubated with
a FITC-labelled polyvalent rabbit anti-human Ig
{Behringwerke, Germany, diluted 1:16) for 15 min in the
presence of 0.2% sodium azide. Cells were then washed
once through a gradient of foetal calf serum (FCS) and
slides were made with a cytocentrifuge (Cytospin
Shandon Southern Instruments Ltd., England). Slides
were fixed for 2 min in absolute ethanol and mounted in
phosphate-buflered glycerol (nine parts glycerol, one part
phosphate-buffered saline). For the detection of intracel-
lular [g in the lymphoblasts induced by LPS, cytocentri-
fuge slides were fixed in absolute acetone for 10 min at ~
20°C, air dried, and subsequently stained with antihu-
man Ig (see surface I staining) diluted 1:20 for 15 min.
Slides were rinsed in PBS and mounted in phosphate.
buffered glucerol. The percentage of fluorescent cells
(surface Ig, intracetlular Ig} was determined, using a
Lietz Ortholux II microscope equipped with epi.
illumination.

T Lymphocytes were assayed by spontaneous rosette
formation with sheep red blood cells (SRBC). 2 x 10
ymp! in 0.1 m} buflered saline (PRS)
+ 20% FCS were incubated with 0. ml of a fresh
0.5% suspension of SRBC for 15 min at 37°C The cell
suspension was then centrifuged at 200 g for 5 min at
5°C. After 2 2-h incubation at §°C the peltet was gently
resuspended and diluted to I m!in PBS + 20% FCS

Cytocentrifuge slides were made and stained by the
May-Grunwald-Giemsa techntque The slide§ were used
to identify the different categories of leucocytes and to
evaluate the proportions of the different cell types
forming rosettes A lymphocyte was scored as rosette-
forming 1f it had three or more SRBC on its
circumference

B lymp! carrying Fc P! were
by rosette formation with human 0 red blood cells (RBC)
sensitized by rabbit anti-human 0 RBC serum (g G)
(erythrocyte + antibody = EA) and B cells bearing
complement receptors by rosette formation with human
0 REC sensitized by rabbit anti-human 0 RBC serum {Ig
M) and fresh human complement (erythrocyte +
antibody + complement = EAC) 2 x 105 lymphocy-
tes in 0.1 ml PBS + 1% bovine serum albumin (BSA)
were incubated with 0.1 m! of 2 fresh 1% EA or EAC
suspension at 18°C (EA) or 37°C (EAC) for IS. min,
Cells were then centrifugated at 200 g for 5 min gal

18°C) and incubated for a furll}er [5 minutes at 4°C
(EA) or 18°C (EAC) Cytocentrifuge S}ndes were made
and stained with the May-Grunwald-Giemsa technque
C rosettes were determined

Y

Cells forming EA and EA b
in the same way as those forming SRBC rosettes.

¥ . T cells were enriched m
o MII"mnsfmm bilical cord blood by

nsions recovered from Isopaque-
b nylon wool columns (6}, The

Mo e & puy
fileration of cel} suspe:
Ficoll gradients througl

316

depletion of Ig positive cells was evaluated by staining
suspensions before and after filtration with a FITC-
labelled polyvalent rabbit anti-human Ig (see Methods
surface Ig staining)

Lymphocy p from before and
after filtration were then studied for responsiveness to
the mitogens LPS and LA, the response being measured
by the uptake of tritiated thymidine (see Methods: cells
and culture).

RESULTS

Before culture with LPS, 23% of the cord blood
Iymphocytes were surface Ig-positive. This number
decreased gradually until after 10 days no surface
Ig-positive cells could be detected {Fig. )). The
numbers are mean values of five experiments. The
variation of different experiments is indicated by
vertical bars.

Since the response of cord blood cells to LPS
oceurs late, with a maximum at around 57 days of
culture, there is a correlation between the increase
in the number of LPS activated cells and the
decrease of surface Ig-positive cells. Not a single
surface Ig-positive lymphoblast was ever observed
in these cultures, thus indicating that cells activated
by LPS did not form detectable amounts of sur-
face Ig.

In controf cultures (without mitogen), the pro-
portion of surface Ig-positive cells likewise dropped

@ 8

% SURFACE 19 —POSITIVE CELLS

o 1 2z 3 ¢ 5 5 1 &8 9 WM

DAYS DF CULTURE
Fig I Sutface Ig-posiuve cells 1n LPS cuttures (@) and

controls {O)



dunng the fisst five days, but then rese uniit on day
1t 13% of the lymphocytes were surface Ig-
posttive (Fig. 1) (mean value of five experiments).
Tis was ot the sesult of Profiferation of B
lymphocytes in the control Cultures, since no
proiferating cells Were observed, but was probably
&ue 1o selechive survval of subpopulations of B

cells

After 11 days of culture, 0% of the lymphocytes
inLPS cultuses were surface Iz positive, while 18%
of lymphocytes in control cultures had demosn-
strable amounts of surface Tg. This difference is
highty significant.

Afer three days of culture with LPS, a few
Iymphoblasts positive for intraceliular Ig could be
detected, and with longer time of culture the
aumber of lymphoblasts increased, as did those
postuve for intracellular 1g On day 7, when about
50% of the lymphocytes were transformed lymp-
hoblasts, alf showed detectable amounts of intracel-
lular 15, the fluprescence intensity ranging from
weak to bright

Before culture, the proportion of lymphocytes
Tormung tosettes with SRBC was about 60% (Tabhe
1) After culture with LA for 3, § and 7 days, most
«ells were rosette-Torming lymphoblasts {Table 1)
After 10 days in LA culture, about S0% of the
lymphocytes were rosette-formmng lymphoblasts
and more than 40% rosette-formung small lympho-
cytes In (hese cultures very few lymphocytes failed
to form rosettes (Table 1),

Betneen cultures with and without LPS the
difference 1n the frequency of lymphocytes formmg

Tosettes with SRBC was small as compared with
suspensions before culture (Table 1). However, both
in LPS cultures and in controls without mitogen
there was a clear increase in the number of
macrophages, accompanied by an increast in the
number of lymphoblasts.

Afer calture for seven days with LPS, 13% of
all cells present (more than 50% of lymphocytes)
were transformed. These LPS blasts were almost
always non-fosetting, and the number of rosetting
cells as a whole decreased with increasing culture
time {Table 1), At the time of maximal response
with LA, more than 80% of the lymphocytes were
rosette-forming lymphoblasts, while at the time of
maximal response to LPS, less than 5% of the

ymphocy were forming 3
This difference is highly significant. Identical
g carried out have given
similar results, and the numbers in Table | are the
mean values of five experiments, Tables 2 and 3
(mean values of three experiments) show ihe
frequency of cells from LA, LPS and control
cultures formmng EA and EAC rosettes. Roughly
12t{ the LA blasis 2nd 1PS Basts formed EA and
EAC rosettes, the frequencies depending somewhat
on the siage of culture, while the other half did not
form rosettes.

The response to LPS decreased comsiderably
when lymphocytes from an Isopaque-Ficoll gradient
were depleted of B cells by passage through nylon
wool columns (Fig. 2). By contrast, this procedure
increased Teactivity 1o LA (Fig 2) The counts are
mean values of two experiments, and the vatiation

TABLE | Percentage of Cells Forming Rosettes with SRBC in LA, LPS and Control Cultures

Dayo Day 3

conrol LA LPS control

Day § Day 7 Da
y 10
LA LPS control LA LPS control LA LPS

Non-rosette-formng
tymphoblasts o 0 1

2
Rosette-forming
Tymphoblasts o 1 80 1
Noa-rosette-forming,
tymphocytes I 12 112
Rosette-formung
ymphoeytes 39 7 32
Oranulocytes 2 1 o 0
Monocytes or macrophages 13 27 5 83

12 1 o n
L I T
3 39 20 65 8 3 s 35
¥ 39 9 0 2 0 g 4



40 pg/mi. Pokeweed mitogen (PWM), Grand Island
Biological Company, USA, was used at a dilution of
1:100.

Cultures were harvested after 3, 5, 7 and 10 days, and
cells were analysed for surface markers.

Surface markers. Surface Ig staining was carried out

depletion of Ig positive cells was evaluated by staining
suspensions before and afier filtration with a FITC-
labeffed polyvalent rabbit anti-human g (see Methods.
surface Ig staining).

Lymphocyte populations from suspensions before and
after filtration were then studied for responsiveness to
the mil LPS and LA, the response being measured

a1 4°C as follows: 106 lymphocytes were incub with
a FITC-labelled polyvalent rabbit anti-human Ig
(Behringwerke, Germany, diluted 1:16) for 15 min in the
presence of 0.2% sodium azide, Cells were then washed
once through a gradient of foetal calf serum (FCS) and
slides were made with a cytocentrifuge (Cytospin
Shandon Southern Instruments Ltd., England). Slides
were fixed for 2 min in absolute ethanol and mounted in
phosphate-buflered glycerol (nine parts glycerol, one part
phosphate-buffered saline). For the detection of intracel-
fular Ig in the lymphoblasts induced by LPS, cytocentri-
fuge shides were fixed in absolute acetone for 10 min at—
20°C, air dried, and subsequently stained with antihu-
man Ig {see surface Ig staining) difuted 1:20 for 15 min.
Slides were rinsed in PBS and mounted in phosphate-
buffered glucerol. The percentage of fluorescent cells
{surface Ig, intracellular 1g) was determined. using a
Lietz Ortholux 11 microscope equipped with epi-
lumination.
T Lymphocytes were assayed by spontaneous roseite
formation with sheep red blood cells (SRBC). 2 x 105
p in 0.1 ml buffered saline (PBS)
+ 20% FCS were incubated with 0.1 ml of a fresh
0.5% suspension of SRBC for 15 min at 37°C. The cell
suspension was then centrifuged at 200 g for § min at
5°C. After a 2-h incubation at 5°C the pellet was gently
resuspended and diluted to 1 ml in PBS + 20% FCS
Cytocentnfuge slides were made and stained by the
May-Grunwald-Giemsa technique The slides were used
to identify the different categories of leucocytes and to
evaluate the proportions of the different cell types
forming rosettes. A lymphocyte was scored as rosette-
forming if it had three or more SRBC on its
circumference
B lymphocytes carrying Fc receptors were identified
by rosette formation with human 0 red blood cells (RBC)
sensiized by rabbit anti-buman 0 RBC serum (Ig G)
(erythrocyte + antibody = EA) and B cells beanng
complement receptors by rosette formation with human
0 RBC sensitized by rabbit anti-human 0 RBC serum (Ig
M) and fresh human complement (erythrocyte +
antibody + complement = EAC) 2 x 105 lymphocy-
tesin 0 1 ml PBS + 1% bovine serum atbumin (BSA)
were incubated with ¢ 1 m! of a fresh 1% EA or EA_C
suspension at 18°C (EA) or 37°C (EAC) for 15 min
Cells were then centrifugated at 200 g for 5 min (ot
18°C) and incubated for a further 15 minutes at 4°C
(EA) or 18°C {EAC). Cytocentnfuge shdes were made
and stained with the May-Grunwald-Gremsa technique.
Cells forming EA and EAC rosettes were determined
in the same way as those forming SRBC rosettes.
T cells were enriched 1
ilical cord blood by
red (rom Isopaque-
{6). The

Nylon wool columns
popul: from
ymp b
filtration of cell suspensions reco-\e
Ficoll gradients through nylon wool columns

by the uptake of tritiated thymidine (sce Methods cells
and culture).

RESULTS

Before culture with LPS, 23% of the cord blood
lymphocytes were surface Jg-positive. This number
decreased gradually until after 10 days no surface
Ig-positive cells could be detected (Fig. 1). The
numbers are mean values of five experiments. The
variation of different experiments is indicated by
vertical bars.

Since the response of cord blood cells to LPS
occurs late, with 2 maximum at around 5-7 days of
culture, there is a correlation between the increase
in the number of LPS activated cells and the
decrease of surface Ig-positive cells. Nat a single
surface Ig-positive lymphobdlast was ever observed
in these cultures, thus indicating that cells activated
by LPS did not form detectable amounts of sur-
face Ig.

In controf cultures (without mitogen), the pro-
portion of surface Ig-positive cells likewise dropped
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during the first five days, but then rose until on day
N 1% of e Iymphoeyes were sutface Ig-
positive (Fig- 1) (mean value of five experiments)
This was not the result of prolifesation of B
lymphocytes in the control cuftures, since no
proldferating cells were observed, but was probably
due 1o selective survival of subpopulations of B
cells

Afier 11 days of culture, 0% of the lymphocytes
1 LPS cultures were surface Ig positive, while 18%
of \ympotytes in control cultures had demon-
strable amounts of surface Ig. This difference is
highty significant

Afier three days of culture with LPS, a few
Iymphoblasts positive for intracefular Ig oould be
detected, and with longer time of culture the
number of lymphoblasts increased, as did those
positnve for tracellular Ig. On day 7, when about
50% of the lymphocytes were transformed Yymp-
hoblats, all showed detectable amounts of satracel~
Ilar Tg, the Duorescence intensity ranging from
wezk 10 bright.

Before culture, the proportion of lymphocytes
forming rosettes with SRBC was about 60% (Table
1), After culture with LA for 3, 5 and 7 days, most
clls were gosette-forming lymphoblasts (Table 1)
Afer 10 days m LA culture, about 50% of the
& were forming £ ob
and more than 40% rasette-formung small fympho-
tes In these cultures very few lymphocytes faded
19 form rosettes (Table 1),

Berween cultures wah and withowt LPS the
difference 1n the frequency of lymphocytes forming

rosettes with SRBC was small as compared with
suspensions before cutture (Table 1). However, both
in LPS cultures and in controls withom mitogen
there Was a clear increase in the pumber of
macrophages, accompanied by an increase in the
number of lymphoblasts.

After culture for seven days with LPS, (3% of
all celis present {more than $0% of lymphocytes)
were transformed. These LPS blasts were almost
always non-rosetting, and the numbet of rosetting
celis 25 2 whole decreased with increasing cufture
time (Table 1). At the time of maximal response
with LA, more than 80 % of the lymphocytes were
rosette-forming lymphoblasts, while at the time of
maxwnal response to LPS, less than 5% of the
lymphocytes were te-forming h
This difference is highly significant. Identical
experiments carried out repeatedly have given
Similar resnlts, and the numbers in Table | are the
mean values of five experiments. Tables 2 and 3
{mean values of three experimenss) show the
frequency of cells from LA, LPS and control
cultuses forming EA and EAC roseties. Roughly
half the LA blasts and LPS blasts formed EA and
EAC roseties, the frequencies depending somewhat
on the stage of culture, while the other half did not
form rosettes.

The response 10 LPS decreased considerably
‘when lymphocytes from an Isopaque-Ficoll gradient
were depleted of B cells by passage through nylon
wool cotumns {Fig. 2). By contrast, this procedure
increased reactivity o LA (Fig. 21, The caunts are
mean values of two experiments, and the variation

TABLE \ Percentage of Cells Farmung Rosettes with SRBC in LA, LPS and Cantrol Cultures

Day 0 Day 3

> contyo) lt.»\ 1ps cantmlmlAS LPs muuolmz;: Les mnm:l}dy L:x“ LPS
Non-rosene-formng
Iymphoblasts. 9 Qe v 1! o3 6 2 2 11 o n
Rosete-formang
lymphablasts 0 1 80 0 % 0 e 91 ] 0 47 1
Non-rosette-formung
Iymphocytes ¥ N T2 3 39 2 6 8 13 6 35
Rosette-formuing
Iymphoces ¥ 7w o6 39 g9 4 2 0 4
Granylocywes 2 1 0 0 0 1 o 4 roa ’
Monocytes oy macrophages 13 37 5 5 l -




TABLE 2. Percentage of Cells Fe orming EAC Rosettes in LA, LPS and Control Cultures

Day 0 Day 3 Day 5 Day 7 Day 10
control LA LPS control LA LPS control LA LPS control LA LPS
Non-rosette-forming
lymphoblasts 0 0 31 1 2 67 12 0 48 17 13 23 12
Rosette-forming
lymphoblasts 1 2 31 2 0 13 2 1 32 10 3 2 &
Non-rosette-forming
lymphocytes St27 13 18 3% 10 12 27 2.0 10 21 S
Rosette-forming
lymphocytes 2429 18 15 20 303 2 4 4 16 132
Granulocytes [} 10 0 00 0 o 0o o 0 0
Monocytes or macrophages 24 42 6 64 42 7 M 48 14 6 65 15 20
160
140 between different experiments is indicated by
vertical bars.
After 3, 5 and 7 days of culture with PWM,
120 about 50% of all lymphocytes formed rosettes with
SRBC. After 10 days of culture, most of the
lymphocytes were non-rosetting. This probably
100 reflected an increase i the number of B cells with
longer culture time, since at the same time the
b frequency of surface Ig-positive celis had increased-
. EH In 5, 7 and 10-day PWM cuiltures, more than 50%
of the lymphacytes were transformed lymphablasts,
z Thus, the majority of cells scored as rosetting of
S surface Ig-positive were, in fact, blasts
" DISCUSSION
Ringdén & Moller (5) have suggested that B
lymphocytes from human spleen can be activated by
20 LPS, a well-known mitogen of B cells in the mouse
10 (1). We were upable o detect any surface Ig on
human cord blood leucocytes activated by LPS,
H 5 3 7 8 ] although these cells expressed intracellular Ig Since
cord blood cells activated by LPS did not form

DAYS DOF CULTURE
se to LA and LPS in lymphocytes o!;mined
i i 1l populations
from Isopagque-Ficoll gradients and in ce :
enriched in T cells by passage through nylon wool and in
controls. LA Isopague-Ficoll, O LA nylon wool, ® )
LPS Isopaque-Ficoll, ; LPS nylon wool. W ; control
lsopaque-Ficnll. A ; controf nylon wool, A.

Fig. 2. Respon:
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rosettes with SRBC, 1t seems unhkely that these
cells are T lymphocytes

This is also supported by the observation that
populations depleted of B cells by passage through
nylon wool showed a considerably weaker response
to LPS but a stronger response to LA.



TABLE 3. Percentage of Cells Forming EA Roseties in LA, LPS and Control Cultures

Day 0 Day 3

Day 10
Day § Day 7
comrol LA LPS control LA LPS comtrol LA LPS control LA LPS

Non-rosetie-forming

tymphoblasts o 0 32 1
Resete-forming

Iymphoblasts o 0 25 1!
Nor-rosette-forming

Iymphocytes LY 10 16
Rosene-forming

lymphocytes 4 30 25 15
Granulocytes 0 0 [

Moooeytes or macrophages 12 43 8 66

o 60 12 1 3w 2 17 4

44 5 68 Tl 27 75 18 37 51

Since both LPS- and LA-activated cells formed
EAand EAC roseties. these assays are evidently not
spefic for B lymphocytes This 1s supported by 2
fesent report ndiating that Fo and complement
feceptors are expressed on PHA activated T
ymphocytes (7

Thus there seem 1o be only three valid eriteria for
bistinguishing between 8 ivated T and B
2lis rosetting with SRBC, and the presence of
urface or wteacellutar I Even so, however, our
esults are wconsistent, since in our hands LPS
ivated cord blood cells are both SRBC and
urface Ig negative The fact that surface Ig positive
¥mphoblasts could be found w PWM cultures
Fom cord Blood rutes out the possibility that
“tvated B lymphocytes from cord blood ave always
utface lgmegative However, the fact that LPS-
Suivated cord bicod cells express
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