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Presence of Suppressor Cells in Spleens of Mice Bearing a Weakly
Immunogenic Syngeneic Tumor1

Subhash C. Gautam and Sharad D. Deodhar@

Department of lmmunopathology, The Cleveland Clinic Foundation, Cleveland, Ohio 44106

ABSTRACT

Spleen cells of C57BL/6J mice bearing a poorly immuno
genic syngeneic tumor T24i have been shown to suppress the
mitogen-induced proliferative responses of normal spleen cells.
However, no suppressive effect of these cells was observed on
the generation of cytotoxic cells following immunization in vitro
against H-2 histocompatibility antigens. The suppressor activity
disappeared rapidly after the removal of the primary tumor.
Spleen cells of tumor-bearing mice also suppressed the mito
gen-induced stimulation of normal spleen cells of mice of
different H-2 loci. Removal of phagocytic cells with carbonyl
iron treatment had very little effect on the suppressor activity.
Suppressor activity was enhanced following fractionation of
cells through nylon wool columns. The suppressor population
was found to resist anti-immunoglobulin serum and comple
ment treatment, but treatment with anti-thymocyte serum and
complement drastically reduced the suppressor activity. These
results indicate that cells with suppressor activity have char
acteristics of T-Iymphocytes.

INTRODUCTION

Impairment of cellular immune responses is common in a
host bearing a progressively growing malignant tumor (8, 20,
30). The lymphocytes from tumor-bearing hosts are hypore
sponsive to various mitogenic and antigenic stimuli (1 , 30).
Also, studies in patients with progressively growing tumors
have shown depressed cutaneous hypersensitivity to many
recall antigens (5, 26). This specific and nonspecific immuno
depression has been attributed to the presence of a variety of
soluble factors such as tumor antigen, tumor-specific antigen
antibody immune complexes, and other immunoregulatory pro
teins (2, 3, 13, 14, 25, 29) in the circulation of tumor-bearing
hosts. More recently, suppressor cells which inhibit both spe
cific and nonspecific immune responses have been reported in
the spleens of animals with virally and chemically induced
transplantable tumors (6, 15, 19, 22). Suppressor cells have
been shown to belong to different cell types in different tumor
systems. These have been characterized as cells of mononu
clear phagocytic lineage (11, i 8, 21) and cells with properties
of B-lymphocytes (12, i 7, 24) or T-lymphocytes (7, 28).

Previous studies describing suppressor cell activity have
dealt primarily with strongly antigenic tumors. The clinical
relevance of such studies can be questioned on the basis that
most human tumors are poorly immunogenic. Our previous
studies (9) with the syngeneic mouse tumor T24i in C57BL/
6J mice have shown this tumor to be weakly immunogenic. The
purpose of the present study was to investigate the generation
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of suppressor cells in the spleens of animals bearing this tumor.
Cells with suppressor activity, characterized as T-cells, were
found to suppress the mitogen-induced proliferative responses
of normal spleen cells but did not block the generation of
cytotoxic cells to H-2 histocompatibility antigens.

MATERIALS AND METHODS

Mice and Tumors

Male C57BL/6J mice, 8 to 12 weeks old, were obtained
from The Jackson Laboratory, Bar Harbor, Maine. The Lewis
T24i fibrosarcoma, a tumor originally induced in C57BL/6J
mice by dibenzanthracene, was maintained in our laboratory
by serial passages both in vivo and in vitro. In some experi
ments, CBA and strain A mice, also obtained from The Jackson
Laboratory, were used.

Spleen Cell Suspensions

Spleens were removed aseptically, and cell suspensions
were prepared by teasing them with a needle into HBSS.3 ABC
were lysed by treating cell pellets with 0.83% NH4CIsolution.
Cells were washed first in phosphate-buffered saline [NaCI (7.2
g): Na2HPO4anhydrous (1.48 g): KH2PO4anhydrous (0.43 g),
pH 7.2] dissolved in I liter of distilled water) and then were
washed 3 times with HBSS containing 10% FCS. Cell viability
was checked by the trypan blue dye exclusion method.

Lymphocyte Cultures and Mitogen Stimulation Studies

Spleen cells were cultured in Microtest II tissue culture plates
(Falcon Products, Oxnard, Calif.). The cells from normal and
TB mice were tested separately or mixed in proportions as

indicated. When testing for suppressor activity, 5 x 10@normal
spleen cells were cultured with an equal or smaller number of
cells of the population being tested for suppressive effect. The
microcultures were incubated in a total of 0.25 ml RPMI 1640
(Grand Island Biological Co., Grand Island, N. Y.) containing
10% FCS, 100 units of penicillin and 100 zg streptomycin per
ml. We will refer to this medium as complete RPMI 1640. After
3 days in culture, cells were pulsed with [3H]thymidine (1 @Ci/
well). Cultures were harvested 18 hr later on glass fiber strips
using an automatic cell harvester (Otto Hiller Co., Madison,
Wis.). The dried filter discs were placed in spectrafluor (Amer
sham/Searle Corp., Arlington Heights, Ill.) and counted in a
fl-scintillation counter (Searle Analytic, inc., Des Plaines, Ill.).
The suppressive effect of TBA spleen cells (spl. C.) was cal
culated by using the formula described by Poupon et al. (22).

3 The abbreviations used are: HBSS, Hanks' balanced salt solution; FCS, fetal

calf serum; TB, tumor-bearing, RPMI 1640, Roswell Park Memorial Institute
Medium 1640; PHA-M. phytohemagglutinin M; Con A, concanavalin A; LP5,
lipopolysaccharide; 1g.immunoglobulin.
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Characteristics of TB mice spleen cell populations
treatmentsafter

variousTreatmentCells
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ment(%)None6.8
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and complementNDa

1.5NDNylon
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ND, not done.
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the method as described by Julius et al. (16). Briefly, 100
million spleen cells were loaded on a nylon wool (Fenwal
Laboratories, Morton Grove, III.) column, and after 45 mm of
incubation at 37Â°,the column-nonadherent cells were eluted
dropwise with 20 to 25 ml of prewarmed culture medium
containing 10% FCS. No attempt was made to harvest the
column-adherent cells.

Depletion of T- and B-Cells. Rabbitanti-mouseimmunoglob
ulin and thymocyte sera purchased from Cappel Laboratories,
Cochranville, Pa., were used to eliminate B- and T-cells, re
spectively. Twenty-five million spleen cells from TB mice were
incubated either with 1 ml of 1:4 dilution of anti-Ig serum or 1
ml of 1:32 dilution of antithymocyte serum for 30 mm at 37Â°.
The cells were centrifuged at 1000 rpm, resuspended in 0.5
ml of 1:10 dilution of low-tox rabbit complement (Cedarlane
Laboratories, London, Ontario, Canada) in RPMI 1640, and
incubated again for 45 mm at 37Â°.When spleen cells from
normal mice were treated identically, responses to LPS and
Con A were completely abolished.

Cell Characterization

Different cell populations were characterized by the following
tests. The mononuclear phagocytic cells were enumerated by
their ability to engulf latex particles (0.81 @.tmdiameter; Difco
Laboratories) when incubated for 60 mm at 37Â°.Five hundred
cells were counted under a microscope for the uptake of latex
particles.

B-lymphocytes were enumerated by the number of cells
showing surface immunoglobulins. Fluorescent antibody stain
ing was done by reacting 1 x 106 cells with 0.1 ml of 1:10
dilution of fluorescein-conjugated rabbit anti-mouse â€˜yglobulin
(Cappel Laboratories) on ice for 30 mm.

T-cell populations were characterized by the ability of rabbit
anti-mouse thymocyte serum and rabbit complement to kill
more than 95% nylon wool-nonadherent spleen cells, and
thymocytes. Table 1 summarizes the properties of spleen cell
populations of TB mice (21 days after tumor implantation)
following various treatments.

Experimental Protocol

The basic experimental design was to give animals s.c.
injections of 5 x 10@tumor cells in suspension on the hind
feet. At different intervals thereafter, the spleen cells were used
to evaluate the immune reactivity of the tumor-bearing host.

Table1

%suppression

cpm (normal spl. c. + TB spl. C.) stimulated
= 1 00 â€” 1 00 x@ cpm (normal spl c + TB spl C. unstimulated

Mitogens

cpm(normalspl. C.)stimulated
â€”cpm (normal spl. C.) unstimulated

PHA-M (Difco Laboratories, Detroit, Mich.), Con A (Miles
Research Products, Elkhart, Ind.), and LPS (No. 055-B5; Difco
Laboratories) were used to stimulate T- and B-lymphocyte
populations of spleen cells. These mitogens were used at
concentrations of 20 @g(PHA-M), 0.75 @sg(Con A), and 5 jsg
(LPS) which were optimal for normal spleen cells.

In Vitro Generation of Cytotoxic Cells

Spleen cells of C57BL/6J mice were sensitized against
strain A/J mice spleen cells which were exposed to 2000 A
previously. Responding spleen cells and the stimulator cells
were mixed together in a ratio of 1:1 and cultured for 5 days in
complete RPMI 1640 containing 5 x 1O@M 2-mercaptoetha
nol. To study the effect of spleen cells of TB mice upon a
generation of cytotoxic cells, spleen cells from TB mice were
mixed in equal number during the phase of sensitization.

Cytotoxicity Test

Con A lymphoblasts of Strain A mice were used as target
cells. Target cells were labeled by incubating 1O@cells in 1 ml
of serum-free RPMI 1640 with 100 @Cisodium [51Cr]chromate,
obtained from Amersham/Searle, for 1 hr at 37Â°.After incu
bation, cells were layered over 10 ml FCS and centrifuged at
1000 rpm for 10 mm. Cells were washed 3 times with HBSS,
resuspended in complete RPMI 1640, and counted. Target
cells (1 x 10@)were mixed with effector cells in different ratios
in 12- x 75-mm round-bottom, plastic tubes (Falcon Products,
Oxnard, Calif.). The final volume was adjusted to 0.4 ml. The
tubes were centrifuged at 800 rpm for 4 mm and incubated at
370 for 4 hr. After incubation, the tubes were centrifuged at

1000 rpm for I 0 mm, 0.2 ml of supernatant was removed, and
its radioactivity was measured in a â€˜ycounter (Searle Analytic).
Percentage of cytotoxicity was calculated as follows:

%specific cytotoxicity

â€”Test release (cpmâ€” control release (cpm)@@

Maximumreleaseâ€”spontaneousrelease

Cell Fractionatlons

Removal of Phagocytic Cells. Phagocytic cells were re
moved with Technicon lymphocyte separator reagent (Techni
con Instrument Corp., Tarrytown, N. Y.) containing carbonyl
iron particles. One hundred million spleen cells were incubated
with 3 ml of lymphocyte separator reagent for 45 mm at 45Â°in
a plastic culture flask with occasional stirring. The cells which
ingested the carbonyl iron particles were separated by centri
fuging the mixture at 1000 rpm for 30 mm after it was layered
on Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscataway,
N. J.). The cells separated at the interphase were collected and
studied.

Separation on Nylon Wool Column. TB mice spleen cells
were fractionated by passage over nylon wool columns using
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Days after In vitro culture [3HJlhymldine incorporation (cpm)a
tumor

transplant 5 x 1O@ 5 x 1o@ None PHA Con ALPS7

Normal 489 Â±159k' 28,005 Â±1.631 53,227 Â±7,467 20,225 Â± 3,236
TBA 1,480 Â±158 29,365 Â±3,147 57,170 Â± 973 24,689 Â± 3,979
Normal Normal 996 Â±140 39,177 Â±1,178 86,301 Â±5,520 33,950 Â± 4,078
Normal TBA 2,227 Â±326 45,61 8 Â±1 843 (Of 80,061 Â±6,241 (0) 41 616 Â±12,885(0)14

Normal 722 Â±198 44,292 Â±1,843 . 72,488 Â±6,288 32,321 Â± 974
TBA 1 541 Â±200 35,679 Â±2,028C@ 51.059 Â±1,482@@ 24,567 Â± 736d
Normal Normal 1,203 Â±280 57,035 Â±6,000 90,204 Â±6,215 42,582 Â± 2,032
Normal TBA 2,245 Â±295 30,836 Â±4,29O'@(343) 54539 Â±5,682e (27.1) 24,937 Â± 707'@(28.2)21

Normal 563 Â±179 35,263 Â±6,571 67,183 Â±6,364 24,629 Â± 5,652
TBA 1,588 Â±337 16,573 Â±3,859â€• 375@4 Â±4200d 6,594 Â± 5442d
Normal Normal 945 Â±249 44,219 Â±4,741 89,863 Â±2,352 32,764 Â± 5,118
Normal TBA 2,171 Â±460 22,623 Â±3,967â€•(41.O) 39,122 Â±i,790â€•(44,5) 9,217Â±28

Normal 789 Â±136 37,832 Â±5,366 77,800 Â±3.441 25,166 Â± 4,479
TBA 1,319 Â±187 10,070 Â±2,8l9@@ 18,773 Â±l,3l2@ 5,532 Â± l,42&@
Normal Normal 1.290 Â±115 52,01 0 Â±6,500 108,502 Â±7,241 37,572 Â± 6,974
Normal TBA I .953 Â±165 10,938 Â± 693â€•(757) 24,288 Â±4,337â€•(71 .0) 9,024 Â± 1 960â€•(71.0)a

Stimulation levels of cultures of TBA spleen cells alone or mixed with normal spleen cells were compared with stimulation levels of 5 x 1o@ normal spleen cells
(Student's t test).

b Mean Â±SE.
C Numbers in parentheses, percentage of suppression.

d@<0001

Â°p<O.005.

Suppressor Cells in Tumor-bearing Mice

Spleen cells were also used to study their suppressive effect
on mitogen responses of normal spleen cells. All experiments
were repeated 3 times or as otherwise indicated. The tables
contain representative data of these experiments.

RESULTS

A s.c. injection of 5 x 10@Lewis T24i fibrosarcoma cells on
each hind foot resulted in progressive tumor growth which was
fatal to the animals in 6 to 7 weeks. Tumor grafts on the feet
grew locally initially and later spread to the thighs and regional
lymph nodes. Eighty to 90% of the animals showed lung
metastases by Day 28. The tumor never metastasized to the
spleen; however, the spleen had greatly enlarged as early as
7 days after tumor implantation. [3HjThymidmneincorporation
by spleen cells of TB mice in the absence of any mitogenic
stimulus was always higher than by normal spleen cells.

The response of lymphocytes to mitogens and antigens has
often been reported to be lowered during progressive tumor
growth. PHA-M, Con A-, and LPS-induced proliferative re
sponses ([3H]thymidine incorporation) of spleen cells of TB
mice at different stages of tumor growth were studied and
compared with the responses of spleen cells of age-matched
normal mice. The responsiveness of the spleen cells of TB
mice to these mitogens was not different from that of normal
mice on Day 7 after tumor implantation. However, a progressive
reduction in mitogen-induced [3H]thymidine incorporation by
spleen cells of TB mice was observed on Days 14, 21 , and 28
(Table 2) of tumor growth.

Effect of Spleen Cells of TB Mice on the Mitogen-induced
Proliferative Responsesof Spleen Cells of Normal Mice. The
tumor growth-related suppressive effect of spleen cells of TB
mice on PHA-M, Con A, and LPS responses of normal cells
was studied in mixed cell cultures. When spleen cells from TB

mice were mixed with normal spleen cells, suppression of the
ability of normal spleen cells to respond to these mitogens was
observed (Table 2). Results showed that no suppressor activity
could be observed on Day 7. However, marked suppression of
PHA-M (34.3, 41 .0, and 75.7%), Con A (27.1 , 44.5, and
71 .0%), and LPS (28.2, 70.7, and 71 .0%) was observed on
Days 14, 21 , and 28, respectively, after tumor implantation.
Control experiments showed that responses of 1 x 10@normal
cells to difterent mitogens were generally higher than those of
5 x 1o@normal spleen cells. It was also apparent that the
inhibitory effect was not due to crowding of lymphoid cells in
the mixed cultures. Since marked suppression was observed
between 21 and 28 days after tumor challenge, in subsequent
experiments spleen cells from TB mice were harvested around
the third week of tumor growth.

Lack of Suppressor Activity in in Vitro Generation of Cy
totoxicity. In these experiments, spleen cells of normal
C57BL/6J mice were sensitized against irradiated (2000 A)

spleen cells of A/J mice in the presence of spleen cells from
normal or TB mice. Spleen cells of TB mice were harvested 24
days after tumor challenge. No suppressive effect of TB mice
spleen cells was observed when eftector cells from in vitro
cultures were tested at different effector: target cell ratios on
51Cr-Iabeled lymphoblasts of A/J mice. Table 3 shows the
results of 3 such experiments. The data show the percentage
of lysis when eftector cells were used at an effector: target cell
ratio of I 0:1 . The TB mice spleen cells at an earlier stage of
tumor growth (14 days) also did not block the generation of
cytotoxic cells.

Effect of Tumor Resection on Suppressor Activity of TB
Mice Spleen Cells. In these experiments, tumor-bearingfeet
were amputated 18 days after tumor challenge, and suppressor
activity of the spleen cells was studied on Days, 0, 1, 2, 4, and
7 following tumor removal. The results from 2 such experiments

Table 2

Suppressive effect of TBA spleen cells on mitogen-induced proliferation of normal spleen cells
Spleencells(5 x 10@)fromnormalandtumor-bearingmicewereculturedseparatelyor mixedtogetherfor 4 daysin thepresenceof PHA,Con

A,andLPS.
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Spleencells (1O@)from normalC57BL/6J micewereculturedwith
irradiatedspleencells(1O@)of A/Jax micealoneor in the presenceof
1o7 spleen cells from tumor-bearing mice for 5 days. Eftector cells
weretestedon 51Cr-labeledConA lymphoblastsof A/Jax mice.%

cytotoxic
Cell cultured Target cellsity@C57BL/6J

spleen cells 51Cr-labeledA/J 0
Con A blasts

C57BL/6J spleen cells + A/Jax spleen 51Cr-labeledA/J 69.7 Â±
cells(i:1) Con A blasts

C57BL/6J spleen cells + A/Jax spleen 5Cr-labeled A/J 73.50 Â±6.8
cells + normal BL/6J spleen cells (1: Con A blasts
1:1)

C57BL/6J spleen cells + A/Jax spleen 51Cr-IabeledA/J 71.44 Â±4.3
cells + TBA spleen cells (1:1:1) Con A blasts

a Specific cytotoxicity against A/Jax Con A blasts at effector to target ratio of

10:1.
b Mean Â± SE. of 3 experiments.

Effect of tumor excision on suppressor cell activity

Tumor-bearing feet were amputated 18 days after tumor implantation. Normal spleen cells (5 x 1O@)
were mixedwith an equalnumberof spleencells from tumor-bearingmiceat differentdays following
tumor removal and cultured for 4 days in the presence of Con A andLPS.Days

[3H]Thymidine incorporation (cpm)
after tu

mor exci- Mitogen 5 x 1o5 normal 5 x 10@TBA Normal splc. + % sup
sion added spleen cells spleen cells TBA spleen cellspression0

None 309Â± 12a 1,476Â± 40 2091 Â± 177
ConA 64,884Â± 2,771 32,114Â± 5,240b 31,133Â± 4,220b 55.0
LPS 18,299 Â±1,845 6,127 Â± 37? 8,193 Â± 422b66.01

None 788Â± 62 1,361 Â± 12 2,370Â± 443
Con A 83,518 Â±6,265 33,737 Â± 4,32? 38,800 Â±4,07? 68.0
LPS 23,109 Â± 412 7,275 Â± 722k' 12,500 Â± 7255.92

None 633 Â± 147 1,038 Â± 76 1,705 Â± 303
Con A 66,523 Â±1 836 29,872 Â± 4,083â€• 38,271 Â±4,549k)
LPS 20,736 Â±3,653 7.580 Â± l,O28'@ 11,515 Â±2,131'@51.24

None 685 Â± 172 866 Â± 58 1,246 Â± 226
Con A 67,553 Â±4,650 50,421 Â± 7,68l' 56,1 19 Â±4034d 17.9
LPS 22,940Â± 1,201 13,398Â± 913b 17,378Â± i,759c26.07

None 641 Â± 97 780Â± 80 1,408Â± 164 0
Con A 71,675 Â±9,665 65,591 Â±12,932 93,355 Â±4,510 0
LPS 20,332 Â± 316 20,935 Â± 281 29,856 Â±3,364

S. C. Gautam and S. D. Deodhar

are shown in Table 4. The data show that the capacity of TB
mice spleen cells to suppress the normal spleen cell responses
to Con A and LPS disappeared rather quickly after removal of
the tumor. No suppressive effect could be demonstrated 7
days after tumor removal.

Suppression across H-2 Barrier. Experiments were also
done to determine whether there was H-2 restriction for the
suppressor activity of spleen cells from TB mice. Mitogen
stimulation of spleen cells of normal CBA (H@2k)and A/J (H-
2@)mice were studied when mixed with spleen cells of C57BL/
6J normal or TB (H@2b)mice. The data in Table 5 show that
spleen cells of TB mice suppressed the mitogen-induced pro
liferative responses of CBA and A/J mice as much as they
suppressed that of normal C57BL/6J mice spleen cells, mdi
cating that there is no H-2 restriction of suppressor activity of
TB mice spleen cells.

Table3
Lackof suppressionof in vitrogenerationof cytotoxicityagainst
allogeneic spleen cells in presence of spleen cells from tumor

bearing mice

Effect of Depletion of Different Subpopulations on Sup
pressor Cell Activity of Spleen Cells from TB Mice. To char
acterize the class of suppressor cells in the spleens of TB mice,
different techniques were used to separate subpopulations of
cells and to test their ability to suppress responses of normal
spleen cells to different mitogens.

Effect of Depletion of Phagocytic Cells. The results in Table
6 show that removal of phagocytic cells from TB mice spleens
with Technicon lymphocyte separator reagent slightly improved
their responses to mitogens. Also, the removal of phagocytic
cells appeared to have slightly reduced the suppressor activity
of unseparated spleen cells for PHA-M and LPS responses of
the normal spleen cells; however, the reduction is not statisti
cally significant.

Fractionation of TB Mice Spleen Cells by Nylon Wool
Filtration. Data inTable 6 alsoshowthat mitogenresponsesof
effluent cells were not different from those of the unfiltered
spleen cells of TB mice. However, the suppressive effect of the
effluent cells is markedly increased. When cell dose experi
ments were done using the effluent cells, the degree of sup
pression was found to depend upon the cell concentration
(Chart 1).

Effect of Anti-Ig and Antithymocyte Sera on Suppressor
Activity. The results of treatment with anti-Ig and antithymocyte
sera and complement are shown in Table 6. The data show
that treatment of spleen cells of TB mice with anti-Ig serum and
complement did not remove or reduce the suppressor activity.
On the other hand, treatment with antithymocyte serum and
complement markedly reduced the suppressive effect of TB
mice spleen cells. The results of nylon wool column fractiona
tion and those of antithymocyte and complement treatment
suggested that cells with suppressor activity in spleens of TB
mice have characteristics of T-lymphocytes.

Table4

a Mean Â± SE.

bp<000l
cp<@

d@< 0.05.
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Table5Suppressive
effect of spleen cells from tumor-bearing C57BL/ 6J mice on proliferative response of spleen cells fromCBAand

A/Jax mice to PHA, Con A, andLPSSpleen
cells (5 x 10@)fromtumor-bearingmicewereculturedwith an equalnumberof spleencells from normalCBAorA/Jax

mice for 4 days in the presence of PHA, Con A, and LPS.[3HjThymidlne

incorporation(cpm)aSource

of spleen cells PHA Con ALPSNormal

C57BL/6J 34,472 Â± 6,050a 67,792 Â± 8,285 19,628 Â±2,388TBA(C57BL/6J)
13,987 Â± 3,720 22,857 Â± 3,106 4,406 Â±674Normal

C57BL/6J + Normal C57BL/6J 51,409 Â± 5,207 99,765 Â±10,651 33,152 Â±2,444
Normal C57BL/6J + TBA 14,982 Â± 2954b(641)c 25,679 Â± 4,140b (66.0) 4,667 Â± 766b(90.6)Normal

CBA 35,426 Â± 1,990 145,057 Â±37,196 26,490 Â±3,416Normal
CBA + normal C57BL/6J 62,221 Â± 5,823 174,861 Â±40,531 44,162 Â±2,711

Normal CBA + TBA 12,605 Â± 2,755b (66.3) 29,324 Â± 4,665b (80.3) 7,532 Â±1,252b(74.5)Normal
A/Jax 37,584 Â± 5,235 102,449 Â± 6,354 21 .248 Â±4,594Normal
A/Jax + normal C57BL/6J 61 .708 Â±10,850 143,330 Â±17,851 41 ,372 Â±5,290

Normal A/Jax + TBA 14,851 Â± 2,74? (63.9) 40,325 Â±12,751L@(619) 5,644 Â±1 63? (80.6)

Effect of different pretreatments on suppressive activity of spleen cells from tumor-bearingmiceSpleen
cells (5 x 1O@)from tumor-bearingmiceweretreated in variouswaysand culturedwith 5 x 1O@normalspleencells

for 4 daysin the presenceof PHA,ConA, and LPS.[3HjThymidine
incorporation (cpm)a

Source of spleen Treatment of TBA spleen
cells cells PHA Con ALPSNormal

57,144 Â±12,011 89,495 Â±13,534 29,205 Â±4,161TBA
None 18,515 Â± 3,633 27,061 Â± 7,232 9,391 Â±1,279Normal

+ normal 70,825 Â± 8,846 109,369 Â±23,399 40,51 3 Â±4,051
Normal + TBA None 24,123 Â± 4891b(615)c 31,939 Â± 1,960b(667) 11,114 Â±2,243b(691)TBA

Carbonyl iron: Ficoll-Hy- 23, 107 Â± 6,645 32, 103 Â±11 382 12,396 Â±1,888paque

Normal + TBA Carbonyl iron: Ficoll Hy- 27,202 Â± 1,215b(55,7) 31,147 Â± 1,37?(673) 13,282 Â±779b(610)paqueTBA

Nylon wool 17,759 Â± 5,831 26,257 Â± 7,258 2,141 Â± 202
Normal + TBA Nylon wool 10, 129 Â± 3,39? (85.6) 16,804 Â± 1,595b (83.3) 3,31 6 Â± 954b@TBA

Anti-Ig + complement 19,473 Â± 6,625 34,312 Â± 9,785 2,663 Â± 790
Normal + TBA Anti-Ig complement 17,577 Â± 2,718b(724) 30,487 Â± 5,831b (67.9) 4,476 Â± 14b(91.1)TBA

Rabbit anti-mouse T-ceII 3,052 Â± 716 3,166 Â± 474 10,747 Â±2,539serum
+ complement

Normal + TBA Rabbit anti-mouse T-cell 49,746 Â± 8,756d(15,3) 74,135 Â±10079d(187) 24,900Â±serum
+ complement

Suppressor Cells in Tumor-bearing Mice

a Mean Â± SE.

b@< o,oo@,

C Numbers in parentheses, percentage of suppression.

Table 6

a Results were expressed as cpm Â± SE. stimulation levels of mixed cultures and were compared with stimulation levels of normal spleen

cells (5 x 10@)using Student's t test.
b@< 0.001.
C Numbers in parentheses, percentage of suppression.

d@> 0.05.

that in vitro-demonstrable, tumor-specific immune response
against T241 tumor could be manipulated in different ways to
give in vivo protection. In the present study, we investigated
whether this weakly immunogenic tumor could also trigger the
generation of suppressor cells which nonspecifically inhibit
mitogen-induced proliferative responses of normal spleen lym
phocytes.

Although T241 tumor failed to evoke a strong cytotoxic
(protective?) immune response during its progressive growth,
marked hyperplasia of spleen cells occurred as early as 7 days
after tumor implantation. This was also manifested by elevated
[3Hjthymidine incorporation by TB mice spleen cells. Spleen
and lymph node cells of TB mice have been reported to show
morphological signs of cell activation and elevated DNA syn
thesis (1, 23). Also, it has been shown previously that spleen
cell responses to mitogen are depressed in mice with a large
variety of tumors (1, 12, 30). In the present study also, a
definite correlation was seen between progressive tumor
growth and depression of mitogen responses of TB mice. Both
T- and B-cell responses were affected during the growth of

z
0
In
In
U'

In
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Chart 1. Effect of dose of nylon wool effluent cells on the degree of suppres
slon. Nylon wool column-nonadherent spleen cells from tumor-bearing mice (22
to 24 days after tumor Implantation) were mixed in different doses (1.25 x 1o@,
2.5 x 1o@,and 5.0 x 10@)with 5 x 10@normal spleen cells. Cultures were
incubated for 4 days In the presence of PHA. Con A, and IRS.

DISCUSSION

We have previously reported that the Lewis T241 fibrosar
coma is a weakly immunogenic tumor (9). It was also reported
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T241 tumors. Several possible explanations have been pro

posed for tumor-associated immunosuppression. More re
cently, the concept of suppressor cells regulating the immune
response of tumor-bearing hosts has been emphasized in
several reports (6, 7, 11, 24). The results of our mixed cell
culture experiments showed that spleen cells of TB mice could
inhibit the mitogen (PHA-M, Con A, and LPS) responses of
normal spleen cells. Thus, suppression was of both T- and B-
cell mitogen responses. Furthermore, a strong correlation was
observed between the phase of tumor growth and suppressor
activity. These observations indicate that a weakly immuno
genic tumor such as T241 fibrosarcoma can trigger the gen
eration of suppressor cells. These results indicate that de
pressed, mitogen-induced stimulation of spleen cells of TB
mice could also have resulted from the emergence of suppres
sor cells as a consequence of advancing tumor growth. The
possibility that a few tumor cells in the spleen may be suppress
ing the normal cell responses is unlikely because (a) this tumor
was never seen to metastasize in the spleen, (b) there was no
microscopic evidence of tumor cells in spleen cell suspensions,
and (c) 1O@TB mice spleen cells, when injected s.c., did not
grow tumors. Neither was the suppression due to cell crowding
or limitation of mitogen concentrations in mixed cell cultures.
Whether metabolic inhibition of these cells will affect the sup
pressor activity is unknown at the present time.

Our results also showed that suppressor activity disappeared
rather rapidly after removal of tumor. These results are in
agreement with the findings of Poupon etal. (22) but contradict
those reported by Gershon (10). Gershon (10) described a
transplantable hamster tumor in which resection of tumor fa
vored development of suppressor cells, enhancing the meta
static dissemination of the tumor. The mechanisms which cause
generation of suppressor cells are not fully understood, but our
results suggest that for the maintenance of suppressor activity,
a continuous antigenic stimulus is needed. In our studies,
suppression was not H-2 restricted. Spleen cells of TB mice
(H-2â€•)were able to suppressthe responsesof CBA (H-2'@)and
A/J (H-2@) mice. However, the suppressor cells in this system

did not suppress the generation of cytotoxic cells against
allogeneic cells. On the other hand, Eggers and Wunderlich (4)
observed that spleen cells of B6 mice bearing a methylchol
anthrene-induced tumor blocked in vitro immunization against
transplant alloantigens. Takei et al. (27) reported that spleen
and thymic cells of DBA/2 mice with progressively growing
P815 mastocytoma inhibited the development of cytotoxicity to
tumor cells in vitro but did not affect the response of normal
spleen cells to mitogens when mixed together. Whether the
suppression of mitogen-induced proliferation of lymphocytes
and the generation of cytotoxic effector cells is mediated by
the same population is not clear, although our results suggest
that different subsets of T-lymphocytes may be involved in the
suppression of these responses. Conversely, some tumor sys
tems may be activating suppressor cells selectively modulating
only a few immune functions alone without a detectable effect
on others.

There has been much controversy as to the nature of sup
pressor cells inhibiting the antigen- and mitogen-induced stim
ulation of lymphocytes of tumor-bearing hosts. Gorczynski (12)
and Audczynski and Mortensen (24) favored a B-cell origin;
Fujimoto et a!. (7) and Takei et al. (28) favored T-cells; Kirchner
et al. (18) favored a macrophage; and Poupon et al. (22)

reported suppressor cells with properties of both B-cells and
macrophages. Our attempts to characterize the suppressor
cells showed that treatment of TB mice spleen cells with
Technicon lymphocyte separator reagent (carbonyl iron) mar
ginally increased the mitogen responses of TB mice spleen
cells. It also slightly decreased the suppressive effect of TB
mice spleen cells on normal spleen cell responses to PHA-M
and LPS. Depletion of B-cells with anti-Ig serum and comple
ment did not remove or reduce the suppressor activity. How
ever, treatment with antithymocyte serum and complement
drastically reduced the suppressor activity. The effluent cells
from nylon wool column had markedly enhanced suppressive
effect. Observations that fractionation through nylon wool col
umn removed both B-cells and macrophages and that suppres
sor activity was markedly increased when effluent cells were
used suggest that suppressor cells belong to a class of T-cells.
This is also supported by the fact that treatment of TB mice
spleen cells with antithymocyte serum and complement drast
ically reduced the suppressor activity. The removal of phago
cytic cells slightly decreased suppression of responses to PHA
M and LPS, and the findingthat some suppressoractivitywas
still present after treatment with antithymocyte serum and
complement indicates that cells of macrophage series might be
partially contributing to the suppressor activity of the spleen
cells of TB mice.

It will be interesting to determine whether the cells which
suppress mitogen responses of normal cells will also suppress
in vitro-detectable, tumor-specific immune responses.
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