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SUMMARY

The response of spleen and lymph node cells from
tumor-bearing animals to a variety of mitogens was mea
sured. It was found that progressive tumor growth dimin
ished the reactivity of spleen cells to the mitogen phytohe
magglutinin. Lymph node cells from the same animal were
not consistently so affected. The reactivity of spleen cells
from tumor-bearing donors to concanavahin A was some
what depressed, while stimulation by bone marrow-derived
lymphocyte mitogens such as endotoxin and pokeweed
mitogen was in some cases enhanced. 0 Antigen expression
in tumor bearer spleens was found to decline steadily after 7
days of tumor growth. Cytological analysis revealed that the
normal structure of the spleens of tumor animals was
infiltrated by myeloid elements. The changes described
occurred regardless of whether the tumors were chemically
on virally induced. Excision of tumors after long periods of
growth resulted in prompt return of splenic phytohemag
glutinin sensitivity. The data suggest that loss or incapacita
tion of parts of the normal thymus-denived lymphocyte
components may occur in the spleens of animals with
progressive neoplastic growth.

INTRODUCTION

Enlargement of the spleen accompanies the progressive
growth of nearly all transplanted and autochthonous tu
mors. This fact suggests that a unique relationship may ex
ist between spleenic function and tumor growth. Evidence
for modification of spleen cell behavior in tumor-beaning
mice has been provided by the experiments of Adler et a!.
(I), who found that the responsiveness of spleen cells to
PHA2 was lost during the late stages of fibrosancoma
growth. We have extended these observations and have
demonstrated that other types of tumors such as adeno
carcinomas and squamous cell carcinomas also depress
the PHA response of host spleen cells (3). It was further
shown that this depression was not directly related to the
immunogenicity of the tumor. That is, highly immunogenic
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tumors were no more efficient in depressing splenic PHA re
activity than were tumors with extremely low immunogenic
ity. By contrast, the PHA response of lymph node cells was
not affected by tumor growth. This report describes experi
ments in which we measured the influence of tumor growth
on the sensitivity of spleen and lymph node cells to a variety
of other mitogens.

MATERIALS AND METHODS

Animals. BALB/c, C3H, and NIH Swiss mice 6 to 8
weeks old were obtained from the NIH breeding colony.

Tumors. Five tumors were used in these experiments. (a) a
transplantable BALB/c fibrosarcoma (MCA II) induced
by s.c. injection of 0.2 mg of methylcholanthrene in sesame
oil. MCA I 1 cells (5 x l0@) produced tumors in 90% of
normal BALB/c recipients. Inoculation with I x l0@
irradiated MCA 11 cells resulted in lower tumor incidence
(50%) and slower rate of growth in animals challenged with
secondary injections of I x 10' MCA I I cells; (b) a SV4O
transformed fibrosarcoma (E4) derived in tissue culture
from transformed BALB/c 3T3 tissue culture cells. A
dosage of I x 10@E4 tumor cells produced tumors in 90% of
normal BALB/c recipients. This tumor is highly immuno
genic since injection with I x l0 irradiated E4 cells
rendered recipients completely resistant to further chal
lenge; (c) a transplantable mammary tumor virus-positive
C3H mammary adenocarcinoma (AC 6). The tumonigenic
dose of C3H adenocarcinoma cells was < l0@. No protec
tion was afforded by immunization with irradiated AC 6
cells; (tO a transplantable BALB/c squamous cell canci
noma (LSQ 1) induced by skin painting with methylcholan
threne dissolved in acetone. Carcinoma LSQ I produced
tumors in 90% of normal BALB/c mice inoculated with 5 x
l0@LSQ 1 cells. Only minimal protection was produced by
injection of irradiated LSQ I tumor cells. (e) 4 spontaneous
adenocancinomas that arose in noninbred NIH Swiss mice.

Cells. In the instance of the transplantable tumors, spleen
cell suspensions were prepared from spleens pooled from 5
donor mice. Spleen cells were brought into suspension by
gentle teasing of donor spleens. Lymph node cell suspen
sions were produced by carefully pressing a pool of the
inguinal, brachial, axillary, and mesentenic nodes through a
fine nylon mesh. All suspensions were washed 2 times in
Roswell Park Memorial Institute tissue Culture Medium
1640 containing 10% fetal bovine serum; penicillin, 100
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units/ml, and streptomycin, 100 @g/ml.The cells were re
suspended at a concentration of 1 x 10' lymph node or 3 x
10' spleen cells per ml in the above medium. Mitogens were
added at the appropriate concentration at the initiation of
culture. One-ml aliquots were cultured in 16- x 125-mm
plastic culture tubes (Falcon Plastics, Oxnard, Calif.) for 24
hr at 37Â°in an atmosphere of 10% C02:90% air. At this
time 1 @Ciof tnitiated thymidine (specific activity, 5 Ci/
mmole; Amersham-Searle, Arlington Heights, Ill.) was
added, and the cultures were incubated for an additional 12
hr). The cells were then washed 3 times, lysed by the addi
tion of 0.5 ml of distilled water, and solubilized in 0.5 ml of
NCS solubilizer (Amersham-Seanle). Scintillation fluid was
added, and the content of the tnitium was assayed on a
Beckman model LS-255 liquid scintillation spectrometer.

Mitogens. The responsiveness of the spleen and lymph
node cells to PHA-M, Con A, PWM, and bacterial
endotoxin (lipopolysacchanide W, Escherichia coli
01 1l:B4) was measured in the system just described.
PHA-M and endotoxin were obtained from Difco Labona
tories, Inc., Detroit, Mich., and Con A and PWM, were
obtained from Calbiochem, Los Angeles, Calif. The PHA
and PWM were used at a final dilution of 1: 150. The Con A
and endotoxin were added at a final concentration of 1
sg/ml.

Competitive Inhibition Assay for 0 Antigen. The amount
of 0 antigen expression in spleen was estimated using a
modification of the technique described by Cikes et a!. (2).
Briefly, the assay was performed as follows. Anti-fl C3H
serum was produced in AKR mice by the method of Reif
and Allen (9). A standard antiserum was used at a dilution
of 1: 150 in all assays. Varying numbers of spleen cells from
individual normal and tumor-beaning donor mice were used
to absorb l-ml aliquots of the standard anti-O serum. The

anti-O titer of the absorbed antiserum was then determined
using BALB/c thymocytes in a standard 51Cr release assay
(14). The 0 antigen expression in a given spleen cell
population was taken as that number of spleen cells required
to absorb 50% of the initial anti-O activity of the antiserum.
Assay measures only average 0 expression of the spleen cell
preparation, and lymphoid cells vary greatly in the surface
density of 0 antigen sites.

Cytology. Cell suspensions were prepared as described
above from the spleens of normal and tumor-beaning
BALB/c mice. The spleen cells were fixed to the slides by
use of a Shandon cytocentrifuge. The cells were then stained
with Giemsa stain and differential counts were obtained. A
minimum of 500 cells from each slide were enumerated.

RESULTS

Mitogen Response of Spleen and Lymph Node Cells from
Tumor-bearing Donors. Groups of animals were inoculated
by tnochan with the various tumors, and their mitogen
responses were measured 28 to 36 days later. At this time all
tumors weighed in excess of 3 g.

Representative data obtained using spleen and lymph
node cells from C3H mice carrying adenocarcinoma AC 6,
BALB/c animals inoculated with fibrosarcoma MCA I 1,
and squamous cell carcinoma LSQ 1 are outlined in Table
1. As can be seen, the PHA response of the spleens of
tumor-bearing donors was severely depressed by the pres
ence of the tumors. Con A reactivity was also somewhat
lower while the reaction to the B-cell mitogen, endotoxin,
was generally enhanced. The stimulation by PWM was
unaffected by the presence of the tumor. Lymph node cells
from the same animals responded normally to PHA and
Con A.

Table I

The mitogen response ofspleen and lymph node cells from tumor-bearing and normal BALB/C or C3H donor mice

The data are expressed as cpm (Mean Â±S.D.) from a minimum of 6 replicate tubes. The same pools of normal and tumor bearer
spleen or lymph node cells were utilized for all mitogen assays. The cells were cultured under identical conditions except that the
numbers of spleen cells per culture were 3 x 10' while I x 10' lymph node cells were used in each culture. These results are from
representative experiments. Each complete mitogen assay was repeated a minimum of 3 times. Statistical analysis of the data was
accomplished with Student's t test. Differences between normal and tumor bearer spleen cell responses to PHA were highly
significant in all cases (p < 0.001).
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Experiments using AC 6, MCA 11, and LSQ 1 were
repeated a minimum of 3 times. In each instance severe
depression of the PHA response was observed when cells
from spleens taken during the late stages of tumor growth
were used.

Comparable results were obtained using the fibrosarcoma
E4 as well as several autochthonous mammary adenocan
cinomas from noninbned Swiss mice (not shown).

Changes in 0 Antigen Expression during Tumor Growth.
Reduction in the splenic Con A response coupled with loss
of PHA reactivity of spleen cells could occur either by
reduction in the number ofT-cells relative to other cells, i.e.,
a dilution effect or by specific inhibition of at least a part of
the spleen T-cell component. Competitive inhibition assays
were performed to measure the average expression of 0
antigen in spleen cells from normal and fibrosancoma
(E4)-beaning mice. Chants 1 and 2 illustrate the changes in
PHA and Con A reactivity that occurred in this experiment.
There was a steady decline in the PHA responsiveness of the
spleen cells from E4-inoculated donors. Con A response was
enhanced during early tumor growth and then declined

0 7 14 21 28

Days

Chart I . Changes in the PHA response with tumor E4 growth. Each
point represents the response of pooled spleen cells from normal or
tumor-bearing BALB/c mice. Tumors were produced by injection at Day 0
with I x 10' viable E4 fibrosarcoma cells.
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Chart 2. Changes in the Con A response with tumor (E4) growth. For
explanation see Chart I.

later. Chant 3 shows the numbers of spleen cells from
tumor-bearing donors required to absorb 50% ofthe activity
from reference anti-0 serum. After 7 days of tumor growth,
there was a continuous decline in the average 0 expression in
spleens of tumor bearing mice. After 23 days of tumor
growth a 10-fold decline in the average amount of 0-cell
surface antigen had occurred. Competitive inhibition assays
using lymph node cells revealed that the 0 expression in
lymph nodes remained stable despite progressive growth of
tumors (data not shown).

The ratio of cpm of tnitium uptake in PHA-treated
cultures to that of Con A-stimulated spleen cell cultures was
calculated. The splenic PHA:Con A ratio declined within
the 1st 7 days after tumor inoculation and remained lower
than normal through Day 28. The PHA:Con A ratio in
control spleen cell preparations cultured under identical
conditions remained nearly constant.

Cytological Analysis of Spleens from Normal and Tumor
bearing Animals. Changes in 0 antigen expression imply
that major shifts might occur in the types of cells present in
the spleens of tumor-bearing mice. Analysis was performed

I I I I
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Chart 3. Changes in the 0 antigen expression in spleen cells from a

tumor (E4)-bearing BALB/c animal. Each point represents the number of
spleen cells required to absorb 50% of the anti-O activity from a standard
preparation q1@anti-8 C3H serum. This assay is representative of a
minimum of 6 similar tests performed with mice carrying E4 tumors.

by differential enumeration of spleen cells from normal
mice and mice carrying various kinds of tumors. The results
are summarized in Table 2. Comparative differential
counts indicated a marked reduction in the percentage of
lymphocytes in tumor-bearing spleens with a concomitant
increase in the percentage of myeloid elements. Cytological
analysis of lymph nodes from tumor-bearing animals did
not reveal similar changes in cellular content.

Effect of Tumor Excision upon the Mitogen Response of
Tumor-bearing Mice. A lange group of BALB/c mice were
inoculated with I x 10 viable tissue culture-grown E4
tumor cells/recipient. At intervals of 7 days, panels of 5
animals were sacrificed and suspensions of pooled spleen
and lymph node cells were prepared. The cells were then
tested for response to PHA and Con A. This procedure was

repeated weekly until Day 21. At this time the remaining
mice were divided into 2 groups. In the 1st group the E4
tumors were excised, while in the 2nd group only sham
excision was performed. The 2 groups were then compared
with regard to mitogen responsiveness.

The results of this experiment are summarized in Table 3.
As can be seen, there was a terminal loss of PHA
responsiveness in the sham-excised mice. Conversely, spleen
cells from tumor-excised donors exhibited a progressive
increase in PHA reactivity after ablation of the tumor.
Lymph node cells remained normally reactive to PHA
throughout the entire 42 days of the experiment.

DISCUSSION

Stimulation of spleen and lymph node cells from tumor
bearing mice by a variety of mitogens was compared to that
of spleen and lymph node cells from normal syngeneic
animals. There was a progressive loss of PHA reactivity of
spleen cells from tumor-bearing hosts. Spleen cells from
tumor-bearing mice could be stimulated by Con A, although
some reduction relative to that of normal spleen cells was
observed. Presence of cancer in some cases enhanced the
spleen cell reaction to endotoxin, while stimulation by
PWM was not consistently modified. In contradistinction to
spleen cells, lymph node cells from tumor-beaning mice
responded normally to all mitogens despite progressive
tumor growth.

Several factors probably influenced the changes in the
splenic mitogen responses. First, the increased spleen con
tent of myeloid cells with subsequent dilution of the T-cell
population is of obvious great importance. The lymphocyte
content of spleen cell preparations from tumor-bearing
animals dropped from 80 to less than 25%. However, a
positive PHA response ranging from 25 to 40% normal can
be elicited from cultures containing mixtures of 25% of
splenic T-cells and 75% nonreactive cells (R. W. Gillette,
unpublished data). These facts suggest that, while dilution
certainly is important, other factors may also influence the
mitogen responsiveness of spleen cells from animals canny
ing tumors. Second, production of blocking factors nepre
sents a potential means of inducing T-cell insensitivity to
mitogens. Third, tumor material may also provide a means
of changing cell reactivity to mitogens. We have previously

Table 2
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MeanÂ± S.D.
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Table 3

Effect of tumor excision on the mitogen response ofspleen and lymph node cells from tumor-bearing donors

shown that there is an increased recruitment of labeled bone
marrow cells in spleens of tumored animals (4) that
appeared to be a function of the greatly increased lymphoid
activity related to the elimination of large amounts of
tumor-derived tissue substances. Such tumor material, if
antigenic, might also induce an unreactive state in splenic
T-cells and thereby cause loss of the PHA response.
Shontman et a!. ( I2) have shown that the ability of PHA to
stimulate T-cells declines when the lymphocytes are in an
immunologically active state. Scott (10) has shown that
PHA-stimulated DNA synthesis is highly depressed after
treatment with the immunopotentiating dosages of Coryne
bacterium parvum.

It is difficult to reconcile antigen-induced PHA unneactiv
ity in the spleen with normal PHA response on the pant of
lymph node cells from the same animal. However, pnece
dence for this puzzling behavior may be found in data
provided by Howard et a!. (5). These authors observed that
while splenic T-cells were totally unresponsive to PHA oven
a broad range of mitogen dosages after C. parvum injection,
lymph node cells from the same animal donors were fully
reactive. In view of data cited, it seems likely that a
PHA-nesponsive cell found almost exclusively in the spleen
may be more highly affected by the presence of neoplasia.

Stobo et a!. (1 3) have reported that the PH A-responsive
T-cell population of the spleen contains a subpopulation of
relatively sessile T-cells that function as killer cells and as
effecton cells in the graft versus host response. It is tempting
to speculate that this subpopulation of T-cells may be most
affected by growth of tumors. Evidence supporting this idea
has recently been reported by Moonhead and Claman (7),
who demonstrated the existence of a PHA-responsive,
proliferative T-cell population that is resident in spleen but
not in lymph nodes. Alternatively, proliferation of suppres
son cells (macrophages?) locally in the spleen could also
explain at least a pant ofthe splenic refractoriness to PHA.

Experiments designed to measure the average 0 antigen

content ofthe spleen cell population indicated that there was
progressive reduction in the amount of splenic 0 antigen as
the tumor grew larger. Con A stimulation of spleen cells was
not as profoundly modified by the presence of a tumor as
was the response to PHA. The lymph node cell reactivity to
either mitogen was not significantly reduced during tumor
growth. Since the lymph nodes are relatively enriched in
long-lived recirculating T-lymphocytes (6), it seems likely
that splenic T-cells other than the long-lived T-cells (13) are
more profoundly influenced by tumor growth.

Presence of a tumor generally suppresses humoral immu
nity (8) as well as cellular immunity. However, in most
instances the response of B-lymphocytes to mitogens such as
endotoxin was somewhat enhanced in spleen cell prepara
tions from tumor-beaning hosts. This may happen for a
number of reasons. For example, T-lymphocytes may be
unable to cooperate with B-lymphocytes to induce antibody
formation thereby preventing response to T-dependent
antigens. Alternatively, membrane structures on B-lym
phocytes required for humoral response may be blocked by
material of tumor origin while membrane binding of
endotoxin may remain unaffected. Other kinds of cells such
as macrophages that are required for the humonal response
may also be rendered unresponsive by tumor-derived anti
gens. The fact that the endotoxin response was enhanced
may be related to changes in the kinds of cells composing
the spleen as suggested by Table 2.

The loss of PHA sensitivity by the T-cell population of
the spleen appeared to be nonspecific and generalized. The
refractoriness to PHA occurred regardless of the type of
tumor studied or the tissue of origin of the tumor. It was
also not a property of inbred strains of mice, since spleen
cells from random-bred tumor-bearing (Swiss) mice were
similarly nonnesponsive to PHA. In addition, loss of the
ability of PHA to stimulate spleen cells was found to occur
regardless of the immunogenicity of the tumor and ap
peared to be unrelated to how the tumor was produced since
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both chemically and virally induced tumors caused similar
changes in splenic response to mitogens.

Excision of the tumor resulted in prompt return of the
splenic PHA response. This fact suggests that the loss of
PHA reactivity is reversible provided the stimulus of
neoplastic growth is removed. Reversal of spleen cell
refractoriness to PHA in mice treated with C. parvum has
been reported by Scott (1 1).
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