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Germinal centers are formed in lymphatic
tissues in response to antigenic stimulation
and are the sites of intense lymphoid cell
proliferation (1, 2). A number of investigators
have shown that antigen is concentrated and
preferentially retained on the surface of den-
dritic reticular cells in these germinal centers
(3-6). The close topographic relationship
between antigen and proliferating lymphoid
cells is thought to be of functional signifi-
cance, particularly during the later phases of
antibody response (7-9).

Recent evidence demonstrated that the
mechanism of antigen trapping in germinal
centers is sensitive to X-irradiation (10-12).
We decided to determine whether other im-
munosuppressive agents would similarly in-
terfere with antigen trapping and retention in
lymphatic tissue. The present communica-
tion is an account of these studies.

Materials and Methods. Animals. Twelve-
week-old male specific-pathogen-free BC3F1
(C57BL/69 X C3H/An J)F; mice were
used. The mice were kept 8 to 10 in a cage
and allowed free access to food and water.

Antigen. 1251-labeled human gamma, globu-
lin was aggregated (AHGG) as described
previously (13) and injected intravenously
(iv) in amounts of 0.1 mg/mouse either be-
fore or after treatment with immunosuppres-
sive agents.

Immunosuppressants. The following agents,
known to suppress antibody formation,
were utilized: whole-body X-irradiation (400
R), actinomycin D2 (0.9 mg/kg); cyclo-

1 Research jointly sponsored by the National Can-
cer Institute and the U. S. Atomic Energy Commis-
sion, under contract with the Union Carbide Corpora-
tion.

phosphamide? (300 mg/kg); and cortisone
acetate® (500 mg/kg). These dose levels
were selected on the basis of preliminary
experiments showing that they were non-
lethal, caused comparable reduction in spleen
weights, and suppressed the hemagglutinin
response to sheep red blood cells. All chem-
icals were dissolved or suspended in sterile
physiological saline and injected intraperi-
toneally.

Experimental Procedure. The immunosup-
pressive treatment was given either 3 days
before or 2 days after administration of 125I-
AHGG (0.1 mg). Elimination of antigen
from serum, liver, and spleen was determined
with the use of an autogamma spectrometer.
Histological preparations and autoradio-
grams of spleen and liver sections were
prepared and exposed for 8 weeks as de-
scribed previously (2).

Results. To study antigen retention in
spleen germinal centers of mice previously
exposed to immunosuppressive agents, 1%31-
AHGG (2.5 X 10% cpm) was injected iv 3
days after the chemical or physical insult.
This was the time of maximum spleen weight
reduction. Groups of 5 mice were killed on
days 1, 3, and 7 after antigen injection. Fig-
ure 1 summarizes the effects of the pretreat-
ment on elimination of radioactive antigen
from the serum. Also shown are the effects on
its localization in and elimination from liver
and spleen. On days 1 and 3 after antigen

2We are grateful to Merck, Sharp and Dohme
Research Laboratories, Rahway, New Jersey, for gen-
erous supply of actinomycin D, and to Mead Johnson
Research Center, Evansville, Indiana, for generous
supply of cyclophosphamide.

3 Purchased from Mann Research Laboratories,
New York, New York.
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F1c. 1. Effect of immunosuppressive agents, given 3 days before injection of *I-AHGG, on
elimination of the antigen from (A) serum (cpm/1 ml serum) ; (B) liver; and (C) spleen. Mice were
treated with X-ray (A); actinomycin D(O); cortisone acetate (A); cyclophosphamide (@) ; or
they remained untreated (H). Each point represents 5 animals; horizontal bars represent one stand-

ard error of the mean.

injection, the level of radioactivity in the
serum was approximately the same for all
groups, including the untreated controls. Be-
tween days 3 and 7, reduction in serum anti-
gen levels typical of immune elimination oc-
curred in the untreated control group, the
cortisone acetate group, and (although to a
lesser extent) the actinomycin D-treated
group, as evidenced by an 8-fold, 25-fold,
and 2-fold reduction, respectively, in serum
radioactivity. The reason for the enhanced
elimination in the cortisone-treated group is
presently unknown. No immune elimination
was observed in the groups treated
with X-irradiation or cyclophosphamide. In
contrast to these marked differences in serum
antigen levels observed in the various groups,
the initial uptake and the subsequent reten-
tion of antigen by the liver was similar in all
cases and unaffected by the immunosuppres-
sive treatment. Conversely, the spleen’s ca-
pacity to localize and retain antigen was
markedly reduced by all four immunosuppres-

sants tested. Part of this reduction in uptake
and retention of antigen can be accounted for
by the spleen weight loss caused by the
various agents. However, calculation of the
amount of radioactivity per milligram of
spleen revealed that the capacity to localize
antigen per unit of spleen tissue was also sig-
nificantly diminished. It should be noted that
retention of antigen in spleen and liver was in-
dependent of serum antigen levels. Autoradio-
grams prepared from the spleen sections
showed a considerable decrease in the num-
ber of lymph follicles containing radioactive
label, as well as in the amount of label re-
tained per follicle in all treatment groups.
With the doses applied in the present experi-
ment, antigen localization in germinal centers
decreased in the following order: controls
>400 R > actinomycin =cyclophosphamide
> cortisone acetate. In Fig. 2, antigen localiza-
tion in spleens from control and from cor-
tisone acetate-treated mice on day 3 after
injection is compared.
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Fic. 2. Effect of cortisone acetate, given 3 days
before injection of *I-AHGG, on antigen localization
in spleen germinal centers, day 3 after injection of the
test antigen. Darkfield photomicrographs of spleen
lymphatic nodule (A) of untreated control mouse, and
(b) of cortisone acetate-treated mouse; ~85X.

To determine the effect of the respective
immunosuppressive agents on retention of an-
tigen already localized in germinal centers,
mice were injected with 25I-AHGG (1.2 X
10® cpm) and 48 hr later the immunosup-
pressive agents were given (the doses were
the same as in the previous experiment). The
results are summarized in Fig. 3. As shown,
no immune elimination occurred from the
serum of animals that received actinomycin
or cyclophosphamide; it did occur, however,
in both the cortisone-treated and the 400-R-
irradiated group, although the onset of im-
mune elimination was clearly delayed in the
latter. Retention of radioactive antigen by
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the liver (not shown in Fig. 3) did not show
any particular change, regardless of treat-
ment. The overall spleen capacity to retain
antigen was not markedly affected under the
present experimental conditions, though from
day 6 after antigen injection on, which is
day 4 after immunosuppressive treatment,
the levels of antigen in the spleens of treated
mice were consistently lower than in spleens
of control mice. With the doses applied, cor-
tisone acetate was the most effective in this
regard. However, when the data were correct-
ed for the spleen weight changes occurring
after treatment, the amount of antigen re-
tained in spleen tissue of treated animals was
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F1c. 3. Effect of immunosuppressive agents, given 2
days after injection of *I-AHGG, on elimination
of the antigen from (A) serum (cpm/1 ml serum),
and (B) spleen. Mice were treated with X-ray (A);
actinomycin D(O); cortisone acetate (A); cy-
clophosphamide (®); or remained untreated ().
Each point represents 5 animals; horizontal bars rep-
resent one standard error of the mean.



IMMUNOSUPPRESSION AND ANTIGEN RETENTION

F1c. 4. Effect of actinomycin D, given 2 days after
injection of *I-AHGG, on antigen localization in
spleen germinal centers, day 9 after the injection of
the test antigen. Darkfield photomicrograph of spleen
lymphatic nodule (A) of untreated mouse; (B) of
actinomycin D-treated mouse; ~310X.

actually equal to or higher than that in the
control group on days 3, 6, and 9 after anti-
gen (with the noted exception of the cortisone
acetate group). Only at later time points,
i.e., days 13 and 16 after antigen injection,
did the radioactivity counts per mg spleen
weight of the treated groups fall below those
of untreated controls. The retention of anti-
gen in the spleen lymphatic nodules as visu-
alized by the autoradiograms followed a simi-
lar pattern. No clear-cut difference between
controls and treatment groups could be ob-
served on days 3 and 6 after antigen; howev-
er, from day 9 after antigen injection (i.e.,
day 7 after insult) on, the number of labeled
follicles, as well as the amount of label per
follicle, was markedly lower in all treatment
groups, when compared to the controls (Fig.
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4). Only in the cortisone-treated group did a
defect in antigen retention become obvious
before day 9 after antigen injection. At the
presently employed dose levels, cortisone ace-
tate was the most effective in reducing anti-
gen retention in spleen germinal centers.

Discussion. The primary purpose of the
presented experiments was to determine
whether known immunosuppressive agents
would affect antigen retention in spleen ger-
minal centers. Since the agents were studied
only at one particular dose, a quantitative
comparison of their relative activity is not
possible. We found that all four immunosup-
pressants tested, whether given before or af-
ter antigen, do impair the capacity of spleen
tissue—and germinal centers in particular—
to localize and retain antigen. With the
doses applied, cortisone acetate and cyclophos-
phamide were most effective in this regard.
Antigen localization was more easily impaired
when the immunosuppressants were given be-
fore, rather than after the antigen.

The mechanism by which these agents in-
terfere with antigen trapping and subsequent
retention is presently unknown. One possibili-
ty is that the antigen-retaining cells them-
selves are damaged. Previous studies with
higher X-ray exposures revealed morphologic
changes that suggest cell injury to germinal
center reticular cells (12). Another possibili-
ty 1is interference with some ancillary
mechanisms such as destruction of lympho-
cytes elaborating opsonic factors (14, 15). A
decrease in the capacity to retain antigen
became visible only at approximately 1 week
after treatment (with the noted exception of
cortisone acetate), when the antigen injection
preceded the injury. This delayed effect
could be indicative of a rather firm binding
of the antigen to the reticular cell surface,
even in the presence of cellular injury. The
experiments also suggest that the mechanism
responsible for trapping of antigen on reticu-
lar cell surfaces is more sensitive to injury
than is the mechanism responsible for contin-
ued retention. Other yet unpublished data
show that depression of antigen retention is
manifested within 24 hr after injury, when
the injurious agent is given before antigen.



700

Of interest is the finding that the amount of
radioactive antigen retained in liver and
spleen was largely independent of the serum
antigen levels. One might have expected that
organs with great phagocytic activity, such as
the liver and the spleen, would be instru-
mental in removing antigen-antibody com-
plexes from the serum and that the level of
radioactivity would therefore increase in
these organs along with a drop in serum radi-
oactivity in those groups in which antibody
formation ensued. This was clearly not the
case. If, however, the kidney is mainly re-
sponsible for clearance of antigen-antibody
complexes, it would have been reasonable to
predict that antigen would be ‘“drained” out
of the spleen and liver with the onset of
immune elimination from the serum and that
the antigen clearance from spleen and liver
would parallel that of the serum. However,
the data reveal that the rate of antigen clear-
ance from liver and spleen was not apprecia-
bly affected by the onset of immune clear-
ance from the serum. This suggests that these
tissues bind the antigen rather firmly and
retain it, at least for some time, even against
a rather steep gradient.

Also of significance is the difference in re-
sponse of liver and spleen to the immunosup-
pressive agents. Both organs contain a vast
number of phagocytic elements (presumably
responsible for handling particulate anti-
gens); yet liver tissue of treated animals ex-
hibited no apparent defect in antigen uptake
and retention, while spleen tissue was signifi-
cantly impaired in this respect (even when
correction was made for the spleen weight
changes). This suggests that the mechanism
of antigen uptake and/or retention is not the
same in these two organs. Inhibition of phag-
ocytosis may not be the major factor in the
X-ray- and drug-induced suppression of anti-
gen retention in the spleen.

It was recently shown that cortisone ace-
tate preferentially inhibits the late antibody
response (16) and suppresses production of
7S antibody (17), particularly when given in
close time relationship to the antigenic stim-
ulus. In the present investigation cortisone
acetate did not inhibit immune elimination,
thus suggesting that the early antibody re-
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sponse was not markedly affected; however,
this drug very strongly interfered with anti-
gen retention in spleen germinal centers. This
observation complements previous findings
which indicate that the antigen-induced ger-
minal center hyperplasia is more closely
related to the late 7S than to the early 195
antibody response (7, 9). Our present
findings would suggest that the functional
significance of antigen retention by germinal
center reticular cells might be to provide the
continuous antigenic stimulus necessary for
prolonged antibody production (particularly
7S antibody) during the late stages of the
immune response. The effect of cortisone ace-
tate on the later phases of antibody produc-
tion (16) could therefore be a consequence of
a rapid depletion of antigen depots in germi-
nal centers. However, this interpretation is
complicated by the fact that cortisone acetate
(suspended in saline) persists in the tissues
for several days after injection (whether giv-
en intraperitoneally or subcutaneously), as
evidenced by a small pellet regularly found
near the injection site (unpublished findings).
Thus, the more “chronic” effects of this
drug may be due, at least in part, to a
continuous destruction of lymphocytes, par-
ticularly when given by repeated. injections
(16). Our findings also stress the fact that
immunosuppressive agents not only damage
and destroy immunologically competent cells,
but also reduce uptake and retention of anti-
gen by lymphatic tissues.

Summary. The effects of four immunosup-
pressive agents (X-ray, actinomycin D, cy-
clophosphamide, and cortisone acetate) on
localization and retention of radioactive anti-
gen in liver and spleen were studied. All four
agents interfered with antigen retention by
spleen and spleen germinal centers but not
with that by the liver; this damage of splenic
antigen retention was more easily induced
when the insult was given before the test
antigen. At the dose applied (500 mg/kg)
cortisone acetate did not interfere with im-
mune elimination—a sign of early antibody
production—but most severely damaged re-
tention of antigen in spleen germinal centers.
The data are consistent with the hypothesis
that the antigen depots in germinal centers are
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of functional significance for the late (par-
ticularly 7S) antibody production. Our exper-
iments also emphasize the dual effect of im-
munosuppressive agents on lymphatic or-
gans: (i) reduction of their immunologically
responsive cell population, and (ii) impair-
ment of their capacity to capture and retain
antigen.
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