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Passive immunization of rats with homologous anti-sheep erythrocyte serum 
markedly inhibits the pr imary ant ibody response to sheep erythrocytes. 
Furthermore, unresponsiveness to sheep erythrocytes induced by a single 
passive immunization is sustained by  weekly injections of sheep erythrocytes 
(1). The mechanism producing sustained immunological unresponsiveness in 
adult  animals by this simple procedure has not  been elucidated. 

Experiments to be reported in this paper suggest tha t  specific ant ibody ad- 
sorbed onto or incorporated into potential antibody-forming cells inhibits 
these cells from forming specific antibody. Antibody does not  have this effect 
on cells from actively immunized rats. Thus, the formation of specific ant ibody 
may  provide a homeostatic or "feed-back" mechanism which controls or limits 
production of specific ant ibody to tha t  portion of the antibody-forming system 
previously stimulated by  the antigen. This mechanism ma y  account in par t  
for immunological unresponsiveness produced in mature animals by  various 
procedures. 

Materials and Methods 

Young adult male Sprague-Dawley rats, weighing 180 to 250 gm were fed Purina chow and 
water ad Ub/t~m. All injections were in the lateral tail vein. 

Antigens and Ant/sera.--The antigens were washed whole sheep erythrocytes (1) or flagella 
of Salmonella typhosa (2). Doses of erythrocytes, recorded as per cent suspension, were pre- 
pared from packed cells. The concentration of erythrocytes in suspensions was standardized 
by hemoglobin determinations. A 1 per cent suspension of sheep erythrocytes contained about 
2 X 108 cells/mi. Cell counts were always made when dosages are reported as numbers of 
erythrocytes. 

Pooled rat anti-sheep erythrocyte serum was obtained from a large group of rats exsanguin- 
ated 6 days after receiving a single injection of 1.0 ml of 0.25 per cent sheep erythrocytes. 
Pooled rat antiflagellar serum was obtained from rats exsanguinated 6 days after receiving 1.0 
ml containing I0 ug protein of the flagellar antigen. The pooled sera were stored at --30°C 
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until used. Antibody titrations against sheep erythrocytes or whole killed S. typhosa were 
carried out as previously described using double dilution technique (1, 2); the initial serum 
dilution was 1 : 10. The titers were recorded as the number of the last tube showing complete 
hemolysis of sheep erythrocytes or the number of the last tube containing grossly visible 
aggregations of S. typhosa; thus, the titers expressed the serum dilution as 10 X 2 ~ where n 
is the tube number. On repeated titrations the pooled anti-sheep erythrocyte serum had a titer 
of 7 to 8, and the pooled antiflagellar serum had a tlter of 6 to 7. Mean titers for groups of 
rats =i= the standard error of the mean are reported in Tables I to III;  a titer of 0 was arbitrarily 
assigned to sera showing less than the end point reaction to the antigen at a serum dilution 
of 1:10. 

In some experiments sera were treated with 2-mercaptoethanol (2-ME) for antibody titra- 
tions or for passive immunizations. For these titrations, sera diluted 1:5 in saline were added 
to an equal volume of 0.! ~t 2-ME and incubated at 37°C for 30 minutes (3). As in the usual 
titratlons, the initial serum dilution was 1:10 and the subsequent titration procedure was the 
same as for untreated sera. For passive immunizations, 10 ml of antiserum diluted 1:5 in 
saline was added to an equal volume of 0.1 ~ 2-ME and incubated at 37cC for 30 minutes; 
the mixture was restored to original volume using pressure dialysis in the cold. For conven- 
ience, the antibody inactivated by 2-ME will be referred to as "19S" antibody and the anti- 
body not inactivated by 2-ME will be referred to as "7S" antibody. 

Spleen Cells and X-Irradialed Recipients.--The capacity of spleen cells to form antibody 
was measured by transferring the cells to rats made unresponsive by x-irradiation. Spleens 
were minced and passed through a No. 80 tantalum gauze screen using a pestle and a modified 
tissue culture medium (4). The same medium was used for washing and diluting the spleen 
cells. Tissue fragments and large aggregates of cells were removed by low-speed centrifugation 
for 30 seconds. The spleen cells were washed twice. The number of nucleated cells was deter- 
mined by hemocytometer counts. Spleen cells were prepared at room temperature. No im- 
mediate or late untoward effect was observed in any rat receiving the spleen cell suspensions. 
Irradiated rats received 600 roentgens total body x-irradiation given as a single dose. X - l ~ y s  
were generated in a 250-KVP machine operating at 15 ma with 0.25 mm Cu and 1 mm A1 
added filtration. The dose rate averaged 39 tad per minute at  75 cm. 

Plaque-Forming Cells and Pla2e Hemolysin Titers.--The method of Jerne and Nordin for 
demonstrating release of antibody by single cells in agar plates was used with minor modifica- 
tions (5). Tissue culture medium (4) containing no serum was used for preparing spleen cell 
and sheep erythrocyte suspensions and agar plates. DEAE dextran was added to the agar 
solutions (6). Two ml of fresh normal rat serum diluted 1: 3 in normal saline was used for com- 
plement. Plates were incubated for 1 hour at  37°C before addition of complement, and for 1 
hour after addition of complement. Plates were rinsed in normal saline at  the completion of 
incubation and were counted immediately using magnification of 10 to 25 and transillumination 
of the plates. 

Each rat spleen was minced and passed through a No. 80 tantalum gauze screen using a 
pestle and 4.0 ml of tissue culture medium. The volume was brought to 5.0 ml and tissue frag- 
ments and large aggregates of cells were removed by low-speed centrifugation for 30 seconds. 
The number of nucleated cells in the suspension was determined by hemocytometer counts. 
Plates were prepared in triplicate from the suspension, and from 3 fivefold serial dilutions of 
the suspension. The total number of plaque-forming cells per spleen or per 10 e recovered spleen 
cells was calculated from the average plaque count of at  least 3 plates. 

The agar plate technique was sufficiently sensitive to demonstrate hemolytic antibody 
released by single cells. Quite reasonably, agar plates containing a thin layer of sheep erythro- 
cytes could be used as a sensitive method for demonstrating anti-sheep erythrocyte antibody 
in serum. Agar plates were prepared as for demonstrating plaque-formlng cells but only sheep 
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erythrocytes were added to the agar in the thin overlayer. Microdroplets of about 0.005 ml 
of undiluted inactivated serum and of serial twofold dilutions of the serum were spotted on the 
plate. The plates were incubated at 37°C for 30 minutes, then rinsed several times with saline. 
Two ml of fresh rat serum diluted 1:3 in saline was added as complement, and the plates were 
incubated again at 37°C for 30 minutes. Low dilutions of anti-sheep erythrocyte serum pro- 
duced clear "plaques" of complete hemolysis about 2 to 3 mm in diameter which were con- 
sidered a 4-4- reaction. At higher serum dilutions, distinct plaques of partial hemolysis occurred 
which could be arbitrarily ranked as 3 +  to 1-4- reactions. Since only small volumes of serum 
were required, it was possible to begin titrations with undiluted serum. 

Histological Preparations.--Multiple 1 ram-thick transverse slices of spleen were fixed for 
2 hours in Caruoy's alcohol-acetic acid-chloroform mixture. Tissues were embedded in paraffin, 
sectioned at 5 microns, and stained with methyl green-pryouine (7). 

PRELIMINARY EXPERIMENTS 

The Disappearatwe of Passively Transferred Antibody.--A total of 28 rats injected with 1.0 
ml of the anti-sheep erythroeyte serum received no other injections and were bled 1, 4, and 
6 days later. At 1 day the mean titer for all rats was 2.3 (range of 1 to 3), at  4 days the mean 
titer was 0.3 (range of 0 to 1), and at 6 days the mean titer was 0. The haft-life of circulating 
passively transferred antibody was about 1.5 days. Thus, in subsequent experiments, antibody 
titers of sera obtained 5 or more days after both passive and active immunization against 
sheep erythrocytes measured actively formed antibody. 

Inhibition of the Antibody Response to Various Doses of Erylkrocytes.--Rats passively im- 
munized with 1.0 ml injections of anti-sheep erythrocyte serum were injected 24 hours later 
with 1.0 ml of 0:25, 2 or 4 per cent sheep erythroeytes. Non-passively immunized rats (controls) 
were similarly injected with the same doses of sheep erythrocytes. The mean 6 day titers for 
the passively immunized rats were 0.4, 1.0, and 1.5 and for the control rats 8, 7.5, and 8.2. 
Titers for all rats were lower at 10 and 14 days. Thus, the determination of titers at  6 days, 
the time of peak antibody response, accurately demonstrated inhibition of antibody formation 
produced by passive immunization. 

Spe~ifwity of Inhibition of Antibody Formation.--Rats, passively immunized with either 
anti-sheep erythrocyte serum or with a n t i S ,  typhosa serum, were actively immunized 24 
hours later with sheep erythrocytes or with flagellar antigen. The anti-sheep erythrocyte serum 
inhibited the antibody response to sheep erythroeytes but not the response to S. typhosa. 
Similarly, the antiflagellar serum inhibited the agglutinin response to S. typhosa but not the 
response to sheep erythrocytes. 

Inhibition of the Antibody Response by "19S" or "7S" Antibody.--The pooled anti-sheep 
erythrocyte serum had a titer of 7 to 8 and after treatment with 2-ME no measurable titer 
at a dilution of 1:10, indicating that  the serum contained predominantly 19S antibody. Passive 
immunization of rats with the antiserum treated with 2-ME did not suppress the antibody 
response to sheep erythrocytes. 

A second pool of serum obtained from rats which had received multiple injections of sheep 
erythrocytes had a titer of 8 and after a treatment with 2-ME a titer of 6, indicating that  the 
serum contained a mixture of 19S and 7S antibody. Five rats were passively immunized with 
1.0 mi injections of the serum containing a mixture of 19S and 7S antibody; 5 rats were pas- 
sively immunized with 1.0 ml of the same serum treated with 2-ME and containing predomi- 
nantly 7S antibody, and a third group of 5 animals was passively immunized with the primary 
response antiserum containing predominantly 19S antibody. These rats mad 5 additional 
non-passively immunized rats were actively immunized with 1.0 ml of 0.25 per cent sheep 
erythrocytes 24 hours after passive immunization, and at 6-day intervals thereafter for a total 
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of 4 injections. The rats were bled for titers 6 days after each active immunization, the bleed- 
ings being done just before the second, third, and fourth active immunizations. 

The 3 antisera were equally effective in markedly suppressing the primary hemolysin re- 
sponse, Furthermore, sustained suppression occurred in all rats in each passively immunized 
group. In contrast, the non-passively immunized rats had high titers at all bleedings. The 
experiment showed that 19S, 7S, or a mixture of 19S and 7S antibodies, in the doses given, were 
equally effective in suppressing the primary response, and in producing sustained suppression 
when injections of antigen were continued. The experiments were not adequate to exclude 
the possibility that suppression may have been due to a different antibody fraction than was 
tested for. Only the pooled primary response anti--shee p erythrocyte serum, containing pre- 
dominantly 19S antibody, was used in subsequent experiments. 

Inhibition of the Splenic Cdlular Response by Passive Immunization.--The spleen is essen- 
tial for hemolysin formation after intravenous injection of "low" doses of sheep erythrocytes 
into rats (8). Sheep erythrocytes and various other particulate antigens given v/a this route 
cause proliferation of pyroninophilic cells in spleens (7). X-Irradiation and certain cytotoxic 
agents, which depress antibody formation, inhibit this cellular proliferation (7). It was of 
interest to determine whether the apparently innocuous procedure of passive immunization 
with homologous antiserum would similarly inhibit splenic cellular proliferation associated 
with antigenic stimulation. 

In a series of experiments, rats were passively immunized with 1.0 ml of anti-sheep erythro- 
cyte serum and 24 hours later were injected with 1.0 ml of 2 or 4 per cent sheep erythrocytes. 
Control rats received antiserum only, sheep erythrocytes only, or no injections. The rats were 
sacrificed 4 or 6 days later. Passive immunization markedly suppressed the antibody response 
to these doses of antigen and also suppressed the increase in spleen weight and the hyperplasia 
of pyroninophilic cells. Passive immunization alone produced no apparent change in the spleen. 

Inhibition of the Antibody Response by Passive Immunization after Active Immunization.--It 
was previously shown that passive immunization after active immunization inhibited hemo- 
lysin formation (1), and this observation was confirmed. Groups of 5 rats were passsively 
immunized with 1.0 ml of anti-sheep erythrocyte serum 24 hours before or 24 hours after 
active immunization with 1.0 ml of 0.25 per cent sheep erythrocytes. A third group of 5 rats 
was actively immunized without passive immunization. The mean 6 day titers were 0.4 (range 
0 to 1) for rats passively immunized before active immunization, and 0.8 (range 0 to 1) for 
rats passively immunized after active immunization. The mean titer for the non-passively 
immunized rats was 5 (range 4 to 6). 

EXPERr~E~rAL OBSERVATIONS 

Certa in  parameters  of the  phenomenon of suppression of the p r imary  im- 
mune response b y  passive immunizat ion were explored in the  pre l iminary  ex- 
periments.  Passive immunizat ion suppressed the cellular proliferation associated 
with an t ibody  production,  and  this suggested tha t  passive immuniza t ion  
inhibi ted an t ibody  formation ra ther  than  an t ibody  release from specifically 
s t imula ted  cells. Passively given an t ibody  and ant igen m a y  have formed com- 
plexes which al tered the ant igenici ty  of the ant igen or a l tered its dis tr ibut ion.  
However,  small  doses of par t icula te  ant igen injected in t ravenously  are  cleared 
from the circulation rapidly ,  and passive immunizat ion  as late as 24 hours after  
act ive immunizat ion  was effective in suppressing the immune response. There- 
fore, the format ion of complexes between passively given an t ibody  and in tac t  
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circulating ant igen was presumably  not  necessary for suppression of the ant i -  

body response. 
A secondary hemolysin response was demons t ra ted  in ra ts  3 to 4 weeks af ter  

p r imary  immunizat ion,  when the t i ters  of circulating hemolysin were low. As 
might  be expected, passive immuniza t ion  of previously immunized rats  did  not  
suppress the secondary hemolysin response (1). Apparent ly ,  the previously  
immunized animal  had  an a l tered capac i ty  to respond to ant igen in the  presence 
of circulating ant ibody.  

Exper iments  using passive immuniza t ion  of in tac t  animals gave no informa- 
t ion concerning the mechanism of suppression of the p r imary  response. Experi-  
ments  were under taken  to determine whether  circulating or cell-bound ant i -  
body  produced the inhibi t ion of an t ibody  formation.  The  differential  effect of 
passive immuniza t ion  on the p r imary  and secondary responses was explored. 

Primary and Secondary Antibody Response to Sheep Erythrocyte--Antibody 
Complexes.-- 

Sheep erythrocyte-antibody complexes were produced in vitro. In one experiment 4.0 ml 
of anti-sheep erythrocyte serum inactivated at 56°C for 30 minutes was added to 2.0 ml of 
5 per cent sheep erythrocytes. (Four ml of the antiserum was estimated sufficient for complete 
hemolysis of about 400 times the number of sheep erythrocytes in 2.0 ml of 5 per cent sheep 
erythrocytes in the presence of sufficient complement.) The suspension was incubated at 
37°C for 15 minutes; hemolysis was absent but agglutination of erythrocytes occurred. The 
cells were washed 3 times in large volumes of normal ~line, and after each washing the cells 
were mechanically dispersed by repeatedly passing the suspension through a fine needle; After 
the last washing the cells were resuspended in a volume of 20 ml of saline to give the equivalent 
of a 0.5 per cent suspension of sheep erythrocytes. Microscopically it could be seen that the 
suspension contained predominantly singly dispersed cells and only rare small aggregates of 
erythrocytes. The supernatant fluid of an aliquot of the washed suspension containe d no mea- 
surable antibody. Although complexes were produced in the antibody excess, free antibody 
was removed. A second suspension of erythrocytes was prepared in an identical manner except 
that the cells were incubated with inactivated normal rat serum. 

The antigenicity of the 2 suspensions was compared in normal rats and in rats immunized 
4 weeks previously with 1.0 ml of 0.25 per cent sheep erythrocytes. The previously immunized 
rats had titers of 2 or less at the time of reimmunization. Five normal and 5 previously im- 
munized rats were given 1.0 ml injections of 0.5 per cent suspension of erythrocytes incubated 
with immune serum and 5 normal and 5 previously immunized rats were injected with 1.0 
ml of 0.5 per cent suspension of erythrocytes incubated with normal serum. 

The  results of the  6 day  t i ters,  presented in Table  I ,  show tha t  the 
e ry throcy te -an t ibody  complexes failed to elicit a measurable response in nor- 
real  rats  bu t  produced a high secondary response in the previously immu- 

nized rats.  
Another  experiment  was of similar design except t ha t  erythrocytes  were 

incubated  with ant i serum which was not  inact ivated.  The  erythrocytes  were 
complete ly  hemolyzed;  the s t romata  were washed and resuspended as in the 
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previous experiment.  The ery throcyte  s t roma-an t i body  complexes failed to 
elicit an an t ibody  response in normal  rats  bu t  produced a high secondary 
response in previously immunized rats.  

The results suggested tha t  the suppression of an t ibody  format ion produced 
by  passive immunizat ion pr ior  to active immunizat ion might  result  from forma- 
tion of an t igen-ant ibody complexes in the circulation. Apparen t ly  such com- 
plexes formed in the circulation would not  s t imulate  a p r imary  response bu t  
would elicit a secondary response. The following experiments were designed to 
determine if an t ibody  bound to spleen cells of non-immunized ra ts  might  also be 
effective in suppressing the p r imary  an t ibody  response of these cells. 

TABLE I 
Primary and Secondary Antibody Response to Sheep Erythroeyte--Antibody Complexes 

Primary response§ 
Primary response§ 
Secondary response[[ 
Secondary response[[ 

Immunization* 

Sheep erythrocytes 
Sheep erythrocyte-antibody complexes 
Sheep erythrocytes 
Sheep erythrocyte-antibody complexes 

6-day antibody 
titers~ 

6.2 ± 0.80 
0 - 4 - 0  
7 -4- 0.55 
5 -4- 0.55 

* 1.0 ml of 0.5 per cent suspension of sheep erythrocytes injected intravenously. The eryth- 
rocytes, after incubation with normal rat serum or with anti-sheep erythrocyte serum, were 
washed and resuspended in saline. 

/~ Mean titers for groups of 3 rats 4- the standard error of the mean. 
§ Normal rats. 
[[ Rats immunized 4 weeks previously with 1.0 ml of 0.25 per cent sheep erythrocytes. 

The Effect of Passive Immunization on the Primary Antibody Response of 
Normal Spleen Cells Transferred to X-Irradiated Rats.--A series of experiments 
was designed to measure the effect of passive immunizat ion on the p r imary  
response of normal  spleen cells transferred to rats  made  immunological ly un- 
responsive by  x-irradiat ion.  

In different experiments spleen cells were "passively immunized": (a) after the spleen cells 
were injected into recipient rats, (b) in vitro, or (e) in the donor rats. The x-irradiated recipient 
rats were injected with spleen cells 3 to 4 hours after x-irradiation and were actively immunized 
24 hours later. The rats were bled for antibody titers 6 days after active immunization. Each 
experiment included 3 control groups of 5 rats: x-irra~liated rats not injected with spleen 
cells but actively immunized with sheep erythrocytes; non-irradiated rats passively immunized 
with anti-sheep erythrocyte serum before active immunization; and non-irradiated rats 
actively immunized with sheep erythrocytes. The 6 day antibody titers for these 3 control 
groups invariably showed: no measurable antibody titer for the x-irradiated rats; no, or very 
low, titers for the passively immunized non-irradiated rats; and high titers for the non-ir- 
radiated rats. Various other control groups were usually included. 

The following experiment demonst ra ted  tha t  the phenomenon of suppression 
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of the  hemolys in  response could  be  reproduced  wi th  the  spleen cell t ransfer  

sys tem.  

Ten x-irradiated rats were injected with 5 X 108 nucleated spleen cells obtained from normal 
rats. On the following day 5 of the rats were injected with 1.0 ml of the anti-sheep erythrocyte 
serum, and 2 hours later all rats were actively immunized with 1.0 ml of 0.5 per cent suspension 
of sheep erythrocytes. 

TABLE II  

The Effect of Passive Immunization on the Primary Antibody Response of Normal 
Spleen Cells Transferred to X-Irradiated Rats 

Experiment 1 
Passive immunization of spleen 

cells in recipient rats 

Experiment 2 
Passive immunization of spleen 

cells in vitro 

Experiment 3 
Passive immunization of spleen 

cells in donor rats 

Spleen cells transferred to 6-day antibody 
x-irradiated rats* titer~ 

Normal cells§ 
Passively immunized cells§ 

Normal cellsl[ 
Passively immunized cells[[ 

Normal cells¶ 
Passively immunized cells¶ 

3.2 4- 0.58 
0 4 - 0  

3.4 4- 0.68 
0.6 4- 0.60 

3.6 -4- 0.93 
1.0 4- 0.63 

* Recipient rats received 600 r total body irradiation and were actively immunized with 
1.0 ml of 0.5 per cent suspension of sheep erythrocytes 24 hours after injection of spleen cells. 

Mean titers for groups of 5 rats 4- the standard error of the mean. 
§ 5 X 10 s nucleated spleen cells transferred to each x-irradiated rat. 
111.6 X 10 s nucleated spleen cells transferred to each x-irradiated rat. 
¶ 1.0 X 10 s nucleated spleen cells transferred to each x-irradiated rat. 

T h e  results,  recorded  as E x p e r i m e n t  1, Tab l e  I I ,  show tha t  x - i r rad ia ted  ra ts  

receiving no rma l  spleen ceils had  m o d e r a t e  6 day  t i ters,  a n d  t h a t  pass ive  im- 

mun iza t i on  inh ib i t ed  this  response.  T h e  expe r imen t  did no t  indica te  whe the r  

c i rcu la t ing  or  ce l l -bound a n t i b o d y  was responsible  for the  inhibi t ion.  T h e  

fol lowing exper iments  were  designed to give in fo rma t ion  on this  quest ion.  

Washed spleen cells pooled from normal donor rats were divided into two equal 5.0 ml 
samples; 5.0 ml of rat anti-sheep erythrocyte serum was added to one sample, and 5.0 ml of 
normal rat serum was added to the other sample. After incubation with the antiserum for 15 
minutes at room temperature each cell suspension was centrifuged and washed twice in large 
volumes of medium. After the second washing the volume of each suspension was adjusted 
to contain 1.6 X 10 s cells per rnl. Five x-irradiated and 5 non-irradiated rats were 
injected with 1.0 ml of the cell suspension which had been incubated with the anti-sheep 
erythrocyte serum; similarly, 5 x-irradiated and 5 non-irradiated rats were injected with 1.0 
ml of the other cell suspension. The following day all rats were actively immunized with 1.0 
ml of a 0.5 per cent suspension of sheep erythrocytes. 
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The essential results, recorded as Experiment 2, Table II, showed that 
recipients receiving spleen cells incubated with the normal serum all responded 
with moderate antibody titers ranging from 1 to 4. In contrast, the recipients of 
spleen cells incubated with anti-sheep erythrocyte serum had no or very low 
titers. Control groups included non-irradiated rats which received the spleen 
cell suspension and were actively immunized; these rats had hemolysin titers 
equal to the titers of actively immunized non-irradiated controls, showing 
that the spleen cells "passively immunized" in vitro and then washed did not 
carry sufficient antibody to affect the primary antibody response of normal 
rats. Also, the supernatant fluid of an aliquot of the washed, "passively im- 
munized" cell suspension contained no measurable antibody. 

The essential findings of this experiment were confirmed in other experiments 
in which the donor rats were passively immunized with 1.0 ml of anti-sheep 
erythrocyte serum 24 hours prior to preparation of the spleen cells. 

In one experiment two spleen cell suspensions were prepared, one from normal donor rats 
and one from rats passively immunized with anti-sheep erythrocyte serum. After washing the 
spleen cells, the volumes of the 2 suspensions were adjusted so that each suspension contained 
1 X 108 nucleated spleen cells per ml. Ten x-irradiated rats each received 1.0 ml of the spleen 
cell suspension prepared from the normal rats, and 10 x-irradiated rats received 1.0 ml of the 
spleen cell suspension prepared for the passively immunized donor rats. The following day 
5 x-irradiated rats in each group were actively immunized with 1.0 ml of 0.5 per cent sheep 
erythrocytes, and 5 x-irradiated rats in each group were actively immunized with 10 ~g of 
flagella. 

The results of the 6 day titers, recorded as Experiment 3, Table II, showed 
that x-irradiated rats which received spleen ceils from normal rats responded to 
sheep erythrocytes with moderately high titers while rats which received cells 
from passively immunized donor rats had no or very low titers. The control 
groups of x-irradiated rats which received one or the other spleen cell suspen- 
sions and were immunized with flagella responded with equal agglutinin titers 
to S. typhosa; the agglutinin titers to S. typhosa were 4.8 (range 3 to 6) for rats 
receiving normal spleen cells, and 4.0 (range 2 to 6) for rats receiving cells 
from animals passively immunized with anti-sheep erythrocyte serum. Thus, 
the 2 cell suspensions had an equal capacity to respond to an antigen other 
than sheep erythrocytes. 

These experiments demonstrated that specific antibody, undoubtedly bound 
to cells, effectively suppressed antibody formation. In Experiments 2 and 3, 
Table II, 24 hours elapsed between cell transfer and active immunization. This 
interval should have been sufficient for any exchange or equilibrium to occur 
between passively given antibody bound to spleen cells and the circulating 
proteins of the x-irradiated recipients. Thus, a small amount of antibody, ap- 
parently bound onto or into potential antibody-forming cells markedly sup- 
pressed the responsiveness of these cells to sheep erythrocytes. 
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I n  the following experiments the effect of passive immunizat ion on spleen 

ceils from previously immunized rats was measured. 

The Effect of Passive Immunization on the Secondary Antibody Response of 
Spleen Cells Transferred to X-Irradiated R a t s . -  

In a typical experiment, spleen cells were obtained from donor rats that had been actively 
immunized with 1.0 ml of 0.25 per cent sheep erythrocytes 4 weeks previously; the donor rats 
had very low circulating titers at the time of sacrifice. 1 X 108 nucleated spleen cells ("immune 
spleen cells") were injected into each of 10 rats 4 hours after x-irraAiation. The following day, 

TABLE HI 

The Effect of Passive Immunization on the Secondary Antibody Response of Spleen 
Cells Transferred to X-Irradiated Rats 

X-Irradiated rats¶ 

Normal rats 

Spl~rnmCells 
previously 
mamunized 
donors* 

+ 
+ 
+ 
0 

Passive 
immuniza- 

tion~ 

0 

o • 
0 

0 
+ 

Active 
immuniza- 

tion§ 

+ 
+ 
0 
+ 

6-day antibody titers 

7.0 ± 1.08 
5.0 -4- 0.55 

0 + 0  
0 + 0  

4.8 4- 0.20 
0 4 - 0  

* Donor rats actively immunized with 1.0 ml of 0.25 per cent suspension of sheep eryth- 
rocytes 4 weeks before sacrifice. 

Each passively immunized rat injected with 1.0 ml of anti-sheep erythrocyte serum 8 
hours before active immnnlzation. 

§ Each immunized rat injected with 1.0 ml of 0.5 per cent suspension of sheep erythrocytes. 
[[ Mean titers for groups of 5 rats 4. the standard error of the mean. 
¶ Rats each received 600 r total body x-irradiation. 

5 of the x-irradiated rats were passively immunized with 1.0 ml of the rat anti--sheep erythro- 
cyte serum, and 8 hours later all 10 rats were actively immunized with L0 ml of 0.5 per cent 
sheep erythrocytes. X-Irradiated control rats included one group which received spleen cells 
but was not actively immunized, and one group which was actively immunized only. Non- 
x-irradiated control rats included one group of normal rats which was passively immuniTad 
before active immunization and one group which was actively immunized only. 

The results, recorded in Table I I I ,  showed that  the x-irradiated rats which 
received immune spleen cells and  were actively immunized had a mean titer of 
7; passive immunizat ion reduced the mean ti ter to 5. The x-irradiated rats 

which received immune spleen cells alone or sheep ceils alone had no measurable 
ant ibody response. The mean ti ter for the pr imary response of the non-irradiated 
normal  controls was 5 and  passive immunizat ion abolished the pr imary re- 

sponse. 
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Two findings were str iking: Firs t ,  the an t ibody  response of spleen cells from 
previously immunized rats  was considerably higher than  the an t ibody  response 
produced by  spleen cells from normal  ra ts  in the previous experiments.  Sec- 
ondly, passive immunizat ion produced much less suppression of the  secondary 
response. These findings were confirmed. 

For example, in one experiment 2 suspensions of spleen cells were prepared under identical 
conditions; one suspension was prepared from rats actively immunized with 1.0 ml of 0.25 
per cent sheep erythrocytes 5 weeks previously and the other cell suspension was prepared from 
normal rats. Five x-irradiated rats, each injected with 5 X 10 v nucleated spleen cells from the 
previously immunized rats and then actively immunized with 1.0 ml of 0.5 per cent suspension 
of sheep erythrocytes, had a mean 6 day titer of 6 with a range of 5 to 7. Five x-irradiated 
recipients, each injected with tenfold more or 5X 10 s nucleated spleen cells from normal rats 
and actively immunized with the same dose of sheep erythrocytes, had a mean 6 day titer 
of 3 with a range of 1 to 4. The second finding was confirmed in 3 experiments which showed 
that passive immunization suppressed only slightly the secondary response of spleen cells 
from previously immunized rats transferred to x-irradiated rats. 

Suppression of the Antibody Response by Primary Active Immunization with 
Small Doses of Antigen.--The above experiments showed tha t  an initial  anti-  
genic s t imulat ion in the absence of an t ibody  apparen t ly  produced a popula-  
t ion of cells capable of responding to ant igen in the presence of ant ibody.  
However,  an t ibody,  circulating or bound to cells, suppressed the p r imary  
an t ibody  response. Therefore, i t  seemed l ikely tha t  after  p r imary  immuniza- 
tion, for as long as an t ibody  was produced,  subsequent response to injections 
of the same antigen might  be l imited to the populat ion of cells originally 
specifically s t imulated,  or to the progeny of such cells. The  product ion of anti-  
body  by  these cells might  suppress the response of potent ia l  ant ibody-forming 
cells which were not  s t imula ted  during the first immunizat ion,  or which ma-  
tured after  the first immunizat ion.  In  this manner ,  p r imary  immunizat ion with 
a crit ical small dose of antigen, resulting in the format ion of a small  amount  of 
an t ibody,  might  suppress an t ibody  format ion to subsequent  injections of 
antigen. 

An immunizing dose of 1.0 ml of 0.25 per cent sheep erythrocytes, containing about 5 X 107 
erythrocytes, regularly produced a moderately high 6 day antibody response in normal rats. 
In a series of experiments groups of rats were injected intravenously with 1.0 ml of suspension 
containing 5 X l0 T sheep erythrocytes or with 1.0 ml of various dilutions of the same suspen- 
sion. Some rats receiving a dose of 1 X l0 T sheep erythrocytes responded with as high titers 
as rats that received a doseof 5 X 107 sheep erythrocytes; otherrats receiving 1 X 107 sheep ery- 
throcytes responded with very low or no measurable titers. Invariably, rats which received 
5 X l0 ° or fewer sheep erythrocytes responded with no measurable titers. Rats receiving the 
various doses of sheep erythrocytes were reinjected with 5 X 107 sheep erythrocytes 4 or 6 
days after the primary immunization and were bled for titers 6 days after the second immuni- 
zation. Rats initially injected with 5 X 107 or with very low doses of less than 1 X 10 s sheep 
erythrocytes responded with high titers to the second injection of 5 X 107 sheep erythro- 
cytes. Some rats receiving an initial injection of 5 X 10 ~, 1 X l0 s, or 5 X 105 sheep erythro- 
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eytes responded with moderately high titers to the second injection of 5 X 10 T sheep erythro- 
cytes while other rats receiving the same initial immunizations showed marked suppression of 
the antibody response to the second injection of 5 × 10 7 sheep erythrocytes. 

I t  was not possible to select a single initial immunizing dose of sheep erythro- 
cytes which suppressed in all rats the response to a second injection of S × 10 7 
sheep erythrocytes. 

The following experiment demonstrated these findings and also showed that  
suppression was sustained in some rats following multiple injections of antigen. 

Five rats were each injected with 1.0 ml of suspension containing 5 X 10 7 sheep erythro- 
cytes; 5 rats were each injected with 1.0 rnl of suspension containing 5 X 10 e sheep erythro- 
cytes, and 5 rats were each injected with 1.0 ml of a suspension containing 1 X 10 e sheep 
erytfirocytes. All 15 rats were further injected with 1.0 ml of a suspension containing 5 X l0 T 
sheep erythrocytes, 6, 12, and 18 days after the first immunization. The rats were bled for 
titers just prior to each immunization and 6 days after the fourth immunization. The sera 
were stored and titrated at one time at the end of the experiment. 

All rats receiving the initial immunization of 5 X 10 7 sheep erythrocytes had 
high titers during the course of the immunizations. None of the rats receiving 
the lower doses of antigen had measurable titers 6 days after the initial im- 
munization. Five rats initially immunized with 5 X l0 s or 1 X 10 s sheep 
erythrocytes responded and maintained high or moderately high titers to the 
subsequent injections of the higher dose of 5 X 10 7 sheep erythrocytes. Four 
rats initially injected with the lower doses of antigen had no measurable anti- 
body response to subsequent injections of 5 X 10 7 sheep erythrocytes; 1 rat  
initially injected with a lower dose of antigen responded to the fourth immuni- 
zation. "liters for individual rats are recorded in Table IV. Thus, suppression 
was produced by an initial active immunization with a small dose of antigen, 
but suppression was not obtained as regularly as by passive immunization prior 
to the first active immunization. 

Plaque-Forming Cells and Antibody Response Produced by Small Doses of 
Antigens.--Rats injected with small doses of 5 X l0 s or fewer sheep erythrocytes 
had no measurable circulating antibody and showed a variable response to a 
second larger dose of sheep erythroeytes. A more sensitive method for measur- 
ing the immunological response to low doses of sheep erythrocytes might indi- 
cate the reason for this variability in the secondary response. The number of 
antibody-producing cells in spleens of mice injected with large numbers of 
sheep erythrocytes correlated with antibody titer (5, 6). Similar results were 
obtained in rats; the highest numbers of plaque-forming cells in spleens of rats 
injected with 5 X 107 or more sheep erythrocytes were found 4 to 6 days after 
immunization (9). This technique provided a possible means for determining 
the immunological response produced by low doses of antigen. Also, hemolytic 
antibody in low concentrations might be demonstrated on agar plates con- 
taining sheep erythrocytes. 
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Six rats were each injected with 1.0 ml of suspension containing 5 X 10 7 sheep erythrocytes; 
6 rats were each injected with 1.0 ml of a suspension containing 5 X 10 a sheep erythrocytes, 
and 6 rats were each injected with 1.0 ml of a suspension containing 5 X 10 5 sheep erythro- 
cytes. Six uninjected rats served as controls. Spleens and blood were obtained from 3 rats in 
each group 4 and 6 days after immunization. Numbers of plaque-forming cells in spleens, and 
serum hemolysin titers demonstrated on agar plates, are recorded for individual rats in Table V. 

TABLE IV 

Suppression of the Antibody Response by Primary Active Immunization with Small 
Doses of Antigen 

Rat  No. 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

1st immunization 
with SRBC* 

5 X 10 7 5 

5 X 10 7 5 

5 X 10 7 5 
5 X 10 7 7 

5 X 10 7 5 

5 X 10 6 0 
5 X 10 6 0 

5 X 10 6 0 
1 X 10 6 0 
1 X 10 6 0 

5 X 10 6 0 
5 X 106 0 
1 X 106 0 
1 X 10 6 0 
1 X 10 s 0 

6 days, 2nd 
immunization 
with $ X 10 T 

SRBC 

Antibody titer 

12 days, 3rd 
immunization 
with 5 X l0 T 

SRBC 

Antibody titer 

18 days, 4th 
immunization 
with 5 X 10 7 

SRBC 

Antibody titer 

24 days 

Antibody titer 

* Rats receiving 5 X 10 6 or 1 X 10 a sheep erythrocytes on the first immunization were 
arbitrarily separated into 2 groups and numbered; one group showed no suppression and one 
group showed marked suppression of antibody titers to subsequent injections of 5 X 10 7 
sheep erythrocytes. 

T h e  p l aque - fo rming  cell response va r i ed  cons iderably  for ra ts  receiving the  

same dose of an t igen  and  sacrificed a t  the  same in te rva l  a f te r  immuniza t ion .  

H o w e v e r ,  5 to 238 p l aque - fo rming  cells per  10 s recovered  spleen cells were  

found  for ra ts  receiving the  h ighes t  dose of an t igen ;  sera f rom these  ra ts  con- 

t a ined  a n t i b o d y  and  t i ters  for ind iv idua l  ra ts  cor re la ted  wi th  the  n u m b e r  of 

p l aque - fo rming  cells ob ta ined  f rom the i r  spleens. R a t s  in jec ted  wi th  t he  2 

lower doses of an t igen  had  increased number s  of p laque- fo rming  cells in thei r  

spleens, a l t hough  none  had  more  t h a n  3 p laque- fo rming  cells pe r  106 recovered  

spleen cells. N o  an t i body  was d e m o n s t r a t e d  in any  of the  sera of the  ra ts  re- 
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Pla 

TABLE V 

ue-Forming Cells and Antibody Response Produced by Small Doses of Antigen 

Rat No.* Immunizations 

1 5 X 107 SRBC 
2 
3 

4 
5 
6 

7 5 X 10 6 SRBC 

8 
9 

10 
11 
12 

13 5 X 105 SRBC 
14 
15 

16 
17 
18 

19 None 
2O 
21 

22 
23 
24 

Days 
after Plaque-forming 

antigen cells per spleen§ 
hxjectlon 

93,000 
55,500 
3,800 

233,000 
148,000 
32,500 

2,500 
1,000 

150 

2,700 
2,000 

400 

1,500 
1,000 

350 

600 
450 
450 

83 
46 
38 

16 
28 
47 

Plaque-forming 
cells per 10 6 
spleen cells 

Plate hemolysin titers 

Highestserum 
Whole dilution 
serum producing 

hemolysh 

111 4+ 128 
65 4+ 64 
5 1 + Whole 

238 4+  512 
214 4+ 512 
38 4+ 128 

3 0 
1 0 
0.2 0 

3 0 
2 0 
0.6 0 

2 0 
1 0 
0.5 0 

0.7 0 
0.6 0 
0.4 0 

0.2 
0.05 
0.04 

0.03 
0.03 
0.02 

* Rats arbitrarily numbered. 
Rats each injected intravenously with 1.0 ml of suspension containing 5 X 107, 5 X 106, 

or 5 X 106 sheep erythrocytes. 
§ The total numbers of nucleated cells recovered from spleens varied from 4.9 to 10.2 × 

108 cells per spleen. 

ceiving the 2 lower doses of antigen. Individual  rats, receiving either 5 X 10 6 
or 5 X 10 5 sheep erythrocytes and  sacrificed a t  the same time, had equivalent 
numbers  of plaque-forming cells in their spleens. The experiment was adequate 
to demonstrate an immunological response to antigen in the absence of measur- 
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able serum antibody. The variable plaque-forming cell responses to the lower 
doses of antigen correlated with the variable suppression of the secondary 
response observed in the previous experiment. 

DISCUSSION 

It seems desirable to separate cells that are capable of responding to an 
antigen into 2 categories: "antibody-forming cells" and "potential antibody- 
forming cells." Some of the reasons for this separation have been based on 
reported differences between the primary and secondary responses. For example, 
the secondary response is less sensitive to inhibition by x-irradiation than the 
primary response (10-12). Also, the stimulation of antibody formation by ad- 
dition of antigen to cells from previously immunized animals cultured in vitro 
(13, 14), or transferred to immunologically unresponsive recipients (15) is more 
easily achieved and with greater yield of antibody than when cells from normal 
animals are used. Recently it has been reported that normal cells are less sensi- 
tive to inhibition of antibody formation by actinomycin D than are ceils from 
previously immunized animals (16). 

The present studies emphasize another difference. Clearly, immunization 
produces cells capable of responding to antigen in the presence of antibody. 
Four findings supported this conclusion. (a) A secondary response was elicited 
when animals had circulating antibody at the time of reimmunization (1). (b) 
Passive immunization did not inhibit the secondary response (1). (c) Antigen- 
antibody complexes formed in vitro elicited a high secondary response. (d) 
CeUs from previously immunized animals transferred to animals made un- 
responsive by x-irradiation responded to antigen in the presence of passively 
given antibody. In contrast, the antibody response of non-immunized animals 
or of cells from such animals was markedly inhibited by the presence of anti- 
body. Three findings supported this conclusion. (a) The primary response was 
markedly inhibited by passive immunization. (b) Antigen-antibody complexes 
formed in vitro elicited no measurable primary antibody response. (c) Exposure 
of cells to antibody in non-immunized donors or in vitro suppressed their re- 
sponse to the antigen in x-irradiated recipients. 

For the purposes of this discussion the designation of antibody-forming cells 
is applied to cells which have been modified by previous encounter with the 
antigen or possibly a closely related antigen. This designation does not ex- 
clude the possibility that some antibody-forming cells may be "genetically 
determined" in their capacity to respond to the antigen. Antibody-forming 
cells are considered to be cells which can respond to the antigen in the presence 
of specific antibody to the antigen. The designation potential antibody-forming 
cells is applied to ceils from normal animals which at a given time have the 
capability of responding to a specific antigen. Potential antibody-forming cells 
are considered to be cells which are unresponsive to the antigen in the presence 
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of specific antibody to the antigen. The use of the terms, antibody-forming cells 
and potential antibody-forming cells, does not eliminate the possibility that 
more than one functional cell type may be included for one or the other designa- 
tion. 

It is generally accepted that antigen stimulates cell mitosis as an essential 
part of the early phase of antibody production. Hyperplasia of lymphoid tissue 
with increased numbers of pyroninophilic cells, indicating increased RNA syn- 
thesis, is a manifestation of this phase of the response. The inhibition of splenic 
hyperplasia by passive immunization provides indirect evidence that antibody 
prevents the initial stimulus of antigen to cause mitosis rather than preventing 
release of antibody from stimulated cells. It is of interest that passive immuni- 
zation also suppresses the marked increase in numbers of plaque-forming cells 
in spleens of immunized rats (9), thus adding further support to the findings 
reported here. 

Although formation of antigen-antibody complexes in the circulation may 
prevent stimulation of potential antibody-forming cells by the antigen, two 
findings strongly suggest that antibody adsorbed onto or into potential anti- 
body-forming cells suppresses their response to antigen. Normal spleen cells 
exposed to antibody in donor rats or in vitro and then washed free of excess 
antibody had a suppressed response to the antigen. Active immunization 
with small doses of antigen which produced no detectable circulating antibody 
produced marked suppression of the secondary antibody response in some rats. 
The present experiments provide no information about the mechanism whereby 
antibody prevents the stimulation of potential antibody-forming cells by 
antigen. Presumably, the site of inhibition could be either on the cell surface 
or at some site in the internal structure of potential antibody-forming cells. 

The variable suppression of the secondary response produced by initial 
immunization with small doses of antigen correlated with the variable numbers 
of plaque-forming cells found in the spleens. Sampling of only the spleen for 
plaque-forming cells was probably justified since splenectomy markedly de- 
creased the antibody response of rats given small doses of sheep erythrocytes 
intravenously (8). Also, in other experiments plaque-forming cells were not 
found in lymph nodes of intact rats injected intravenously with small doses of 
sheep erythrocytes although a few plaque-forming cells were found in lymph 
nodes of rats injected intravenously with the very large dose of 10 l° sheep 
erythrocytes (9). The failure to demonstrate circulating antibody in the 
presence of increased numbers of plaque-forming cells in rats receiving low 
doses of antigen could be due either to the insensitivity of the system for 
measuring antibody or to uptake of antibody by potential antibody-forming 
cells and possibly other cells. If the latter were the case, appreciable levels of 
circulating antibody would not result until the cells capable of taking up 
antibody were saturated. 
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The failure of a primary immunization to suppress the secondary response to 
a larger dose of antigen could occur in rats which had either a maximal or a 
minimal response to the small dose of antigen. Suppression presumably oc- 
curred when the initial antigenic stimulation was just sufficient to cause a 
balance between the number of antibody-forming cells and the amount of 
antibody produced. Sufficient antibody had to be produced to block potential 
antibody-forming cells from responding to the second injection of antigen; 
on the other hand, the numbers of antibody-forming ceils resulting from the 
initial immunization could not be so numerous as to produce appreciable circu- 
lating antibody to the second injection of antigen. 

In our experiments normal rats were unresponsive to antigen-antibody 
complexes formed ~n vitro; however, other antigen-antibody complexes may 
stimulate a primary response (17). The capacity of complexes to stimulate a 
primary response might be due to adjuvant-like activity of the antigen of the 
complexes, or because of dissociation of the complexes. On the other hand, an 
apparent primary response to antigen-antibody complexes could occur in 
animals in which there was some critical, but relatively small number of anti- 
body-forming cells to the antigen (or a closely related antigen) of the complexes. 

It has recently been reported that x-irradiated mice injected with normal 
mouse lymphoid cells incubated in vitro with mouse anti-Salmonella adelaide 
serum and then immunized with the S. adelaide antigen responded with as 
high titers as mice receiving untreated lymphoid cells (18). The reasons for 
difference between these findings and our findings are not known. Possibly the 
Salmonella antigen contained endotoxin or other components which have an 
adjuvant-like action that sheep erythrocytes do not have. 

Immunological unresponsiveness has been produced in adult animals by 
various means. The suppression of the primary antibody response by passive 
immunization has been repeatedly observed in various species of animals and 
with various bacterial, viral, and cellular antigens, suggesting that the phe- 
nomenon is widespread in nature. These findings and the possible relationship 
between this phenomenon and immunological enhancement of tumor or skin 
homogmfts have been discussed (1, 18, 19). Both delayed hypersensitivity and 
circulating antibody production were suppressed in mature guinea pigs by 
feeding of a hapten (20) or by injecting very small amounts of the hapten or a 
soluble protein into mesenteric veins (21, 22). Unresponsiveness to heterologous 
serum proteins was induced in adult mice by initial injections of small quantities 
of soluble protein cleared of particulate matter having adjuvant-like activity. 
Partial unresponsiveness developed in some mice within 3 days after the initial 
injection of protein, and unresponsiveness developed regularly when the in- 
terval was 5 to 12 days between injections (23). Similar findings were reported 
using a comparable experimental design (24). 

The fact that adult animals of different species can be made unresponsive 
to various antigens by either passive immunization or exposure of the animals 
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to small amounts of antigen would seem to indicate a common underlying 
principle. Our experiments suggest that antibody, either passively administered 
or actively produced in small quantities, may limit production of specific 
antibody to that portion of the antibody-forming system previously stimulated 
by the antigen. Thus, low levels of antibody formation may be responsible for 
maintaining immunological unresponsiveness. This suggestion is strengthened 
by the demonstration of antibody-forming cells in the absence of detectable 
circulating antibody. This mechanism may account in part for immunological 
unresponsiveness produced in certain other related experimental systems. 

Passive immunization of rats with homologous anti-sheep erythrocyte 
serum markedly inhibited the primary antibody response to various doses of 
sheep erythrocytes. Inhibition was "specific" and apparently produced by 
either "19S" or "7S" antibody to the antigen. Passive immunization inhibited 
splenic hyperplasia associated with the primary antibody response. Passive 
immunization 24 hours after active immunization effectively inhibited the 
primary antibody response. 

The markedly suppressive effect of specific antibody on the primary anti- 
body response contrasted sharply with the absence of this effect on the second- 
ary response. Antigen-antibody complexes formed in vitro elicited no measurable 
primary antibody response but did elicit a high secondary response. Exposure 
of normal spleen cells to the antibody in vivo or in vitro suppressed their re- 
sponse to the antigen in x-irradiated recipients. In contrast, cells from pre- 
viously immunized animals transferred to x-irradiated animals produced 
antibody in the presence o f  passively given antibody. Thus, "potential 
antibody-forming cells" from normal animals were unresponsive to the antigen 
in the presence of specific antibody, while "antibody-formlng cells" from pre- 
viously immunized animals responded to the antigen in the presence of anti- 
body. Presumably, antibody actively produced in small quantities by a few 
antibody-forming cells might inhibit antibody formation by potential antibody- 
forming ceils. Confirmation of this suggestion was obtained by showing that 
some animals initially injected with small doses of antigen failed to produce 
measurable antibody to subsequent injections of larger doses of the antigen. 
Low doses of antigen capable of inducing unresponsiveness produced no 
measurable circulating antibody, but these doses did produce increased num- 
bers of plaque-forming (antibody-releasing) cells in spleens of rats. Thus, the 
formation of specific antibody may provide a homeostatic or "feed-back" 
mechanism which controls or limits production of specific antibody to the 
portion of the antibody-forming system previously stimulated by the antigen. 
This mechanism may account in part for immunological unresponsiveness 
produced in certain other related experimental systems. 
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