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ABSTRACT

Background: The progressive growth of tumors in mice
is accompanied by down-regulation of specific T cell
responses. The factors involved in this suppression are
not completely understood. Here, we have developed a
model to examine the role of host immune effector cells
in the inhibition of T cell function. In this model, pro-
gressive growth of a colon carcinoma line, CT26, is ac-
companied by loss of T cell response to alloantigens in
both cytolytic and proliferation assays.
Materials and Methods: The CT26 tumor was inocu-
lated into BALB/c syngeneic mice. Tumor growth, cyto-
lytic T cell responses, lymphocyte proliferation, and flow
cytometric analysis was performed in tumor-bearing an-
imals 7 or 28 days after tumor inoculation.
Results: Spleen cells from tumor-bearing mice were
found to suppress the proliferative response of spleen
cells from normal mice to alloantigens. Examination

of the spleen cell population by FACS analysis re-
vealed an increase in the percentage of monocytes
as defined by expression of CD1 l b, the Mac- I anti-
gen. Removal of the Mac-l-positive cells from the
tumor-bearing hosts spleen relieved suppression of the
tumor-bearing mouse spleen cell proliferative re-
sponse to alloantigens, and addition of the Mac-l-
positive enriched cells suppressed proliferation of nor-
mal T cells in response to alloantigens. Cell contact
was required for this inhibition.
Conclusions: Tumor induction of suppressive mono-
cytes plays an important role in the general immunosup-
pression noted in animals bearing CT26 tumors. Identifi-
cation of the mechanisms responsible for this effect and
reversal of tumor-induced macrophage suppression may
facilitate efforts to develop effective immunotherapy for
malignancy.

INTRODUCTION
Large tumor burden is associated with suppres-

sion of the host's immune response to foreign
antigens in both humans and animals (1,2). De-
fects that occur in the specific immune response

include both decreased proliferation and cyto-
lytic activity (3,4). Specific immunity is a conse-

quence of T cells, through the T cell receptor
(TCR), recognizing peptide fragments of foreign
antigens in the context of self-major histocom-
patibility molecules while simultaneously receiv-
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ing other costimulatory signals (5). Both major
histocompatibility antigens and the costimulatory
signals exist on professional antigen-presenting
cells (APC). These APC include monocytic and
dendritic cells. The T cell recognizes specific an-
tigen in the context of a major histocompatibility
antigen through its unique TCR. Once the TCR is
engaged, signals are transduced into the cytoplasm
through the CD3 complex, which is composed of
six polypeptides, ye, &s, and ( dimers (6). ( may
also consist of homodimers or heterodimers with
-1 or FcERIy. (, q, CD3e, and FcsRI all have the
ability to transduce signals independently into
the cytoplasm (7). It is currently unclear as to the
individual role of each of these polypeptides in
signal transduction and T cell activation.
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Suppression of T cell responses to activation
signals is also not completely understood. In mu-
rine tumor models, where suppression has been
documented, studies suggest that suppressor T
cells, suppressor macrophages, or suppressive cyto-
kines secreted by tumor cells induce the impaired
immune response in T cells (4,8-10). Studies eval-
uating the suppressive effects of monocytic cells on
T cells have suggested that either adherent macro-
phages (10-13) or monocytes (14,15) contribute
to the decreased T cell response to activation signals
and also decreased the expression of the ( chain, a
major signaling protein in the TCR-CD3 complex;
however, the role of soluble factors versus cell-
associated gene products in mediating these effects
is unclear. Studies demonstrate that while many
soluble factors from monocytic cells contribute to
the down-regulation of T cell responses to alloan-
tigens (10), a contact-dependent signal is required
to decrease the expression of the ( chain (15). The
effects of contact-dependent signals delivered by
monocytes to T cells on allogeneic responses is
unknown.

We have investigated the mechanism of T
cell suppression to alloantigens in a murine
model of large tumor burden. In this model, cells
of the monocytic lineage, as defined by expres-
sion of CD llb/Mac-i, gradually increase in num-
ber in the spleens of the mice as tumor size in-
creases. In this paper, we describe the effects of
these monocytes obtained by negative selection on
T cells from both tumor-bearing and normal mice.

MATERIALS AND METHODS

Mice

C57B1/6J (H-2b) and BALB/c (H-2d) mice
were used at 6 to 10 weeks of age and were

obtained from Jackson Laboratories (Bar Harbor,
ME, U.S.A.). Tumor-bearing mice (TBM) were

injected subcutaneously with 8 X 105 cells of a

single cell suspension of CT26, a syngeneic
mouse colon adenocarcinoma that had been
passed subcutaneously in BALB/c mice. Single
cell suspensions of tumor were prepared by mix-
ing minced tumor in Hanks' balanced salt solu-
tion (Sigma Chemical Co., St. Louis, MO, U.S.A.)
with filtered DNAase (0.025 mg/ml, Sigma), hy-
aluronidase (0.025 mg/ml, Sigma) and collage-
nase (0.025 mg/ml, Sigma) with a stir bar for 1.5
hr at room temperature. Cells were then passed
through Nytex and washed three times in Hanks'
balanced salt solution.

Cytolytic T Cell Assay

Spleen cells from TBM or naive mice were
incubated for 5 days with irradiated allogeneic
spleen cells (H-2b) or S194 (H-2d). On Day 5, the
lymphocytes were incubated in a cytolytic assay
with radiolabeled (51Cr) EL4 or YAC (MHC class
IF) cells for 4 hr at 370C as described (16). Spe-
cific lysis is defined as [(experimental - sponta-
neous cpm)/(total - spontaneous cpm)] X 100.

Proliferation Assay

Spleen cells from TBM and/or normal mice
were incubated for the indicated number of days
with irradiated allogeneic spleen cells and irradi-
ated syngeneic spleen cells or no cells, as con-
trols, at the indicated ratios in 96 well dishes. On
Day 4, the cells were pulsed with [3H]thymidine
for 16 hr and cells were harvested on a Wallac
Tomtec plate harvester and incorporation mea-
sured on a Wallac ,3 counter. Proliferation assays
with membrane separations were performed in
6-well plates with cell separation across Costar's
Transwell cell culture chamber inserts with 0.4 jxM
pores. On Day 4, spleen cells were placed into
96-well dishes at the appropriate numbers and
incorporation of [3H]thymidine measured. All
assays were performed in RPMI 1640 media
(Gibco, Gaithersburg, MD, U.S.A.) with 7.5%
fetal calf serum, 2 mM glutamine, 5 X 10-5 M
03-2-mercaptoethanol, and penicillin/streptomy-
cin and incubated at 370C at 5% CO2.

Flow Cytometric Analyses

Spleen cells from TBM and normal mice
were blocked with an anti-Fc antibody and then
stained with mAbs of appropriate specificities and
analyzed on a FACScan flow cytometer (Becton
Dickinson Immunocytometry systems, Moun-
tain View, CA, U.S.A.) after gating out dead cells
in F12 by using propidium iodide staining. The
following monoclonal antibodies (mAbs) were
used: rat anti-mouse CD32/16 (2.4G2), FITC-
labeled rat anti-mouse CD90/Thy-1.2 (53-2.1),
FITC-labeled rat anti-mouse CD45R/B220 (RA3-
6B2), FITC-labeled rat anti-mouse CD1 lb/Mac- I
(M1/70), FITC-labeled rat IgG2b,K, and FITC-
labeled rat IgG2a,K. All antibodies were obtained
from Pharmingen (San Diego, CA, U.S.A.) and
used at a concentration of 1 jig/million cells. For
Fas and FasL immunostaining of T and mono-
cytic cells, the following antibodies were used:
Fas, hamster anti-mouse Fas (clone VC8-4B3)
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with FITC-labeled mouse anti-hamster IgG
(clones G70-204 and G94-56) (Pharmingen);
FasL, mouse Fas-human y,Fc fusion protein with
FITC-labeled goat anti-human IgG Fc (Jackson
Immunoresearch Lab, West Grove, PA, U.S.A.);
Mac-I (CDlib), phycoerythrin (PE-labeled rat
anti-mouse CD17b (clone MI/70.15) (Caltag,
Burlingame, CA, U.S.A.); Thy-i, PE-labeled rat
anti-mouse CD90 (Caltag); and control, PE-la-
beled rat IgG2b (Caltag).

Cell Depletion
Spleen cells from TBM were depleted of T

cells, B cells, and monocytes by pretreatment
with rat antibody specific for the surface antigens
and then removed with the use of magnetic
beads coated with sheep anti-rat IgG. The follow-
ing primary mAbs were used: rat anti-mouse
CD90/Thy-1.2 (53-2.1), rat anti-mouse CD45R/
B220 (RA3-6B2), rat anti-mouse CDllb/Mac-I
(MI/70), all rat IgG2a,K. All antibodies were ob-
tained from Pharmingen. Coated cells were then
washed twice and incubated with Dynabeads
M-450 sheep anti-rat IgG (Dynal, Oslo, Norway)
at a bead-to-cell ratio of 40:1 at 4°C for 30 min
on a rocker. Magnetic beads attached to cells
were then removed from unattached cells with a
Dynal MPC-6 magnet. Unattached cells were
washed once, counted, and added to assays at
appropriate ratios. Depletions were >98% for all
cell types as measured by flow cytometric anal-
yses.

RESULTS
Inhibition of T Cell Cytotoxic and
Proliferative Responses in Spleens from
Late Tumor-Bearing Mice in Vitro

To evaluate T cell function in mice at early and
late time periods after bearing tumors, cytolytic T
cell assays were performed after appropriate in
vitro sensitization. Allogeneic and NK responses
were determined by a chromium release assay
using either an allogeneic tumor cell line, EL4, or
a class I-deficient cell line, YAK, as targets. In
four separate experiments, lysis of both class I'
and class I- targets was substantially reduced
when T cells were derived from the spleen of late
TBM, in contrast to normal controls (Fig. LA and
B, right panel). In contrast, lysis of both class I'
and class I- targets was comparable to normal
controls when cells were derived from early TBM

(Fig. lA and B, left panel), and these results were
confirmed in at least two separate experiments.

In addition to its decreased cytolytic activity,
the yield of cells from the late tumor-bearing
mouse spleen was reduced compared with nor-
mal mouse spleen after in vitro sensitization.
This finding suggested a decreased ability of the
spleen cells from late TBM to proliferate in re-
sponse to allogeneic stimulation. To test this hy-
pothesis, proliferation was measured after stim-
ulation with irradiated allogeneic spleen cells.
Under conditions that allowed significant prolif-
eration of normal mouse lymphocytes, minimal
proliferation was detected in late TBM lympho-
cytes (Fig. IC). Similar effects were observed at
all time points (Days 3-6) at different responder-
to-stimulator cell ratios (data not shown).

Spleens from Tumor-Bearing Mice Have
a Higher Percentage of Monocytes, as
Defined by the CD 1 lb/Mac-I Antigen,
than Spleens from Normal Mice

To define the cell types that mediated the change
in T cell responses, spleen cell suspensions from
normal and late tumor-bearing mice were ana-
lyzed by flow cytometry with antibodies to mouse
CD90/Thy- 1.2, CD45R/B220, and CDl lb/Mac-I
(Fig. 2). In late tumor-bearing mice, the percent-
age of CD90/Thy- 1.2-positive spleen cells changed
slightly from 31 to 27% of total cells, and the
percentage of CD45R/B220-positive spleen cells
decreased from 41 to 30%. In contrast, the per-
centage of CDL lb/Mac- I-positive spleen cells in-
creased from 2 to 15%. Although some subsets of
cytolytic T cells express CDL lb, it is unlikely that
this subset represented splenic T cells, because
the population of expanded CDllb' cells showed
a larger size as measured by forward light scatter
than the subsets staining with Thy- 1.2 antibody.
In addition, cells that expressed the Mac-I anti-
gen also coexpressed small amounts of Mac-2
antigen, another marker of cells of monocytic
lineage (data not shown). The minor shift in the
T cell population suggested that the change in
responsiveness of T cells was qualitative rather
than quantitative. This small decrease in percent-
age would be unlikely to account for the large
decrease in proliferation when stimulated. How-
ever, the larger shifts in the B cell and monocyte
populations suggested that tumor growth was
influencing their growth and survival to a greater
extent in vivo.
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FIG. 1. Suppression of cytolytic activity in spleen cells of tumor-bearing mice against targets with (A)
and without (B) the expression of class I molecules and suppression of proliferation in response to
alloantigens (C)
(A) Spleen cells from normal mice (0), early tumor-bearing mice (<28 days) (U), or late tumor-bearing mice
(>28 days) (*) of BALB/c origin were incubated with irradiated stimulator cells for 5 days and then mixed with
51Cr-labeled target cells at different effector:target ratios in a 4-hr 51Cr release assay. (A) Allogeneic spleen cells
from C57B1/6 mice were used as stimulators and EL4 cells were used as targets. (B) Syngeneic S194 cells were
used as stimulators and YAC cells were used as targets. Values are the mean of triplicate wells. Experiments are

representative of at least four different experiments with a total of six early tumor-bearing mice and six late tu-
mor-bearing mice. (C) Responder spleen cells from normal mice (BALB/c) (U) or from late tumor-bearing mice
(>28 days) (BALB/c) (D), were incubated with allogeneic stimulator cells (C57B1/6) at the indicated responder:
stimulator (R:S) cell ratios. The stimulator cell number was held constant at 4 X 105 cells/well and the responder
cell number was varied. [3H] was added on Day 4 of culture and incorporation was measured 16 hr later. Results
are reported as CPM SEM from cells stimulated by allogeneic spleen cells minus CPM from cells stimulated by
syngeneic spleen cells. Values are the mean CPM from triplicate wells.
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mm FIG. 2. Increased percentage of
monocytes as defined by expression
of the CDllb/Mac-l antigen in
spleens from late tumor-bearing
hosts
Spleen cell suspensions from naive mice
and from late tumor-bearing mice were
incubated with FITC-labeled rat anti-
mouse antibodies that detect primarily T
cells (CD90/Thy-1.2), B cells (CD45R/
B220), or monocytic cells (CD lI b/Mac-
1). The suspensions were then treated
with propidium iodide and analyzed on
a FACscan after dead cells were gated
out in FL2. The abscissa is forward scat-
ter; the ordinate is fluorescence intensity
of the FITC label. The percentage of cells
staining positive is given in the upper
half in each graph.

Spleen Cells from Tumor-Bearing Mice
Can Suppress Proliferation of
Lymphocytes from Normal Mice

The change in phenotype of splenic cell popula-
tions in the tumor-bearing spleens suggested that
the tumor may not act directly on T lymphocytes
but may instead exert its effect through another
immune effector cell to inhibit T cell function. To
explore this possibility, mixture experiments
were performed. Different ratios of normal
spleen cells and TBM spleen cells were used in a

standard proliferation assay, and results were

compared with the proliferation of an equivalent
number of normal mouse spleen cells. As the
number of cells from a tumor-bearing mouse

increased, there was a reciprocal decrease in pro-

liferation by cells from a normal mouse. Also, the
addition of a small proportion (10-30%) of TBM
spleen cells markedly inhibited proliferation of
normal cells (Fig. 3). This finding suggested there
was a cell population in tumor-bearing spleens
that could act in trans to inhibit the proliferation
of T cells in response to allogeneic stimulation.

Depletion of CDIlb' Cells from Tumor-
Bearing Mouse Spleen Restores
Proliferation of the Lymphocytes in
Response to Alloantigens

To identify the specific cell type responsible for
the decreased allogeneic response, cell depletion
experiments were performed. Different cell pop-

ulations were removed from tumor-bearing
mouse spleen by coating the cells with specific
antibodies to either CD90/Thy- 1.2, CD45R/
B220, or CDllb/Mac-I antigen, and these cells
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FIG. 3. Suppression of lymphocyte prolifera-
tion by spleen cells from tumor-bearing mice
in response to stimulation by allogeneic spleen
cells
Mixture experiments were performed to examine
the effects of spleen cells from tumor-bearing mice
on spleen cells from normal mice. For the prolifera-
tion assay, spleen cells from a normal mouse were
mixed with spleen cells from a late tumor-bearing
mouse. 4 x 105 stimulator cells (C57B1/6) and 4 X

105 responder cells (BALB/c) were incubated to-
gether in a 96-well plate in triplicate wells. [3H] was
added on Day 4 of culture and incorporation was
measured 16 hr later. The cell fraction is the number
of cells from the tumor-bearing mouse spleen (TB)
divided by the total number of spleen cells (T) (tumor-
bearing plus normal spleen cells). The proliferation
ratio is the mean CPM from triplicate wells containing
mixtures of cells from normal and tumor-bearing
mouse spleens (E) divided by the mean CPM from
wells containing equivalent numbers of normal cell
(N). Control spleen cells stimulated with irradiated
syngeneic spleen cells demonstrated less than 10 times
the amount of stimulation as the experimental group
of spleen cells. Experiments are representative of
results from at least three independent experiments.
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were removed with the use of magnetic beads
coated with anti-immunoglobulin. The remain-
ing cells were analyzed by using a standard allo-
geneic proliferation assay. Depletion of CD 1 ib/
Mac-l-positive cells restored the ability of TBM
spleen cell to proliferate in response to an allo-
geneic stimulus (Fig. 4A). In contrast, depletion
of CD45R/B220 cells, largely composed of B cells,
resulted in a small loss of suppression and was
much less effective than removal of CD 1 lb/
Mac-I cells (Fig. 4A). As expected, no prolifera-
tion was observed after CD90/Thy-1.2-positive
cell depletion or with a nonspecific control anti-
body (Fig. 4A). Although T cells demonstrated
increased proliferation to allogeneic stimuli
when the monocytes were removed, prolifera-
tion did not increase to levels of control normal
mouse spleen cells.

To determine whether the T cell could act in
trans on normal T cells, mixing experiments were
performed with tumor-bearing spleen cells de-
pleted or enriched for T cells (Fig. 4B). CD90/
Thy- 1.2-depleted TBM spleen cells inhibited
normal mouse spleen cells at a 9:1 ratio to the
same extent as TBM cells without depletions
(Fig. 4B). Enrichment of T cells by CD45R/B220
and CD1 lb/Mac-I depletion demonstrated a
greater proliferative response than nondepleted
cells (Fig. 4B). Therefore, it appeared that the
CDL lb/Mac- I cell from TBM was responsible for
the major inhibitory signals to T cells.

Cell Contact Is Required for Inhibition
of Naive Spleen Cell Responses to
Alloantigens by the CD90/Thy-1.2-,
CD45R/B220 Cell Population from
Tumor-Bearing Mouse Spleen
To determine whether cell contact or soluble
factors mediated this effect, inhibition by the
CDllb/Mac-I cell was analyzed further by su-
pernatant transfer and membrane separation ex-
periments. Transfer of supernatant from CD90/
Thy-1.2 and CD45R/B220 depleted TBM spleen
failed to confer suppression upon normal spleen
cells (Fig. 5A). Also, the addition of neutralizing
antibodies to mouse transforming growth fac-
tor-13 (TGF-,), interleukin 10 (IL-10), and tumor
necrosis factor a (TNFa) or indomethacin, which
inhibits PGE2 production, to proliferation assays
using TBM spleen did not change T cell prolifer-
ation (data not shown). In contrast, cell contact
conferred this inhibition (Fig. 5A).

To confirm these results, experiments were
also performed with cells of the TBM separated

from normal mouse spleen by a membrane in a
proliferation assay. When the cells were sepa-
rated, there was no inhibition of proliferation,
but when cell contact was allowed there was
significant inhibition of proliferation of the nor-
mal mouse cells (Fig. 5B). Although isolated cell
membranes did not confer suppression, high
concentrations of glutaraldehyde-fixed cells did
mediate the effect, suggesting that intact cells
and continued protein synthesis are required for
optimal immunosuppression. This data suggests
that either a membrane bound or a cell-associ-
ated factor mediates inhibition of the T cell in
response to activation signals.

Analysis of monocytic cells derived from pri-
mary tumors was performed. Cell suspensions
were prepared after digestion with collagenase
and elastase, and immunofluorescence analysis
was performed. The expression of Fas ligand was
found to be elevated in monocytes derived from
tumor cells (Fig. 6B), in contrast to monocytic
cells described previously from spleen and other
lymphoid organs. No significant increased ex-
pression of Fas or FasL was detected in T cells,
although a small (-3-fold) increase in CD3 ex-
pression was noted in these cells (data not
shown). These data raise the possibility that Fas
ligand may contribute to the immunosuppres-
sion induced in tumor-bearing animals.

DISCUSSION
We have demonstrated a quantitative increase in
monocytes which inhibit T cell proliferation and
cytotoxicity in mice with large burdens of a sub-
cutaneously implanted tumor, CT26. Decreased
immune function was observed in animals with
a large tumor burden. Cytolytic and proliferative
T cell responses to alloantigen and natural killer
(NK) activity were markedly diminished. In-
creased levels of monocytic cells were detected in
the spleen of these animals, and we find that this
cell type was responsible for the reduction in T
cell response. Finally, we have found that con-
tact between T cells and monocytes was required
for this inhibitory effect.

This study provides insight into the mecha-
nism of tumor-induced immunosuppression. De-
fects in the immune response of tumor-bearing
animals have been attributed to soluble factors
produced by tumor cells, which act directly on T
cells or indirectly, through the induction of other
suppressor cells, either T cells or macrophages
(4,8-10). In the animal model described in this
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study, it was found that the monocyte conferred
suppressive activity on the T cell. Other groups
who have found monocytic cells to be suppres-
sive have shown that soluble factors, including
PGE2 and TGF-f3, were important in the suppres-
sion of lymphocyte proliferation (1 1-14). In con-
trast, we found that cell contact was required to
inhibit T cell function. These differences could be
accounted for by a difference in tumor type or,
alternatively, by the methods used to obtain the
monocytes. Studies that have found soluble fac-
tors to be important obtained monocytic cells by
separating cells on the basis of adherence, which
may induce activation and enhance cytokine se-
cretion. These effects could mask the additional
inhibitory effects of cell surface molecules. In the
present study, cells were derived by enrichment
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through the negative selection of T and B cells.
When a positive selection by Mac-I and Mac-2
antigens or depletion of T and B cells were used
to isolate monocytes, however, no evidence of
soluble inhibitors of T cell function was detected
(14,15), consistent with findings reported here.

There is both direct and indirect evidence to
suggest that tumor induction of suppressive
monocytes may represent a general mechanism
of tumor-induced immunosuppression. First,
several groups using different tumor lines have
noted an increase in the percentage of mono-
cytes in the spleen of late tumor-bearing animals
(10,12,17). Second, several different cell lines
have quantitative changes in the c-chain of the
TCR complex, which is induced by cell contact
with monocytes derived from tumor-bearing an-

FIG. 4. Restoration of lymphocyte proliferation in
spleen cells from tumor-bearing mice depleted of
cells with Mac-i surface antigen in response to
stimulation by allogeneic spleen cells
(A) Spleen cells were incubated with the primary rat an-
ti-mouse antibodies IgG2a (control), CD1 lb/Mac- 1, CD90/
Thy-1.2, or CD45R/B220. The cells were washed and in-
cubated with magnetic beads coated with anti-rat
antibody. After a 30-min incubation, the magnetic beads
with attached cells were removed. The nondepleted cells
incubated with the control antibody were brought up to
4 X 106 cells/ml. and the other groups were brought up
to equivalent volumes. One hundred microliters of these
cells were then incubated with 4 X 105 irradiated alloge-
neic stimulator cells. [3H]thymidine was added on Day 4
of culture and incorporation was measured 16 hr later.
Results are reported as CPM ± SEM. Values are the
mean CPM from triplicate wells. Experiments are repre-
sentative of results from at least three independent ex-
periments. (B) Mixing experiments were performed to
evaluate the effects of CD90/Thy-1.2 positive spleen cells
derived from TBM on naive spleen cells. Responder
spleen cells from naive mice were incubated alone, with

B220 TBM spleen cells, or with TBM spleen cells depleted of
cells with IgG2b, CD90/Thy- 1.2, or CD1 lb/Mac- I and
CD45R/B220 primary antibodies and magnetic beads
coated with secondary antibodies. The wells contained
3.6 X 105 naive spleen cells. The TBM spleen cells and
TBM spleen cells incubated with the control antibody
were brought up to 3.6 X 106 cells/ml and the other
groups were brought up to equivalent volumes. One
hundredth of a milliliter of these cells were added to the
normal spleen cells. The mixtures were then incubated
with 4 X 105 irradiated allogeneic stimulator cells.
[3H]thymidine was added on Day 4 of culture and incor-
poration was measured 16 hr later. Results are reported
as CPM ± SEM. Values are the mean CPM from tripli-
cate wells. Control responder cells from normal mouse
spleen without stimulation demonstrated less than 2.5
times the amount of stimulation as the naive mouse

B220 spleen cells stimulated with irradiated allogeneic spleen
MACI cells.
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FIG. 5. Inhibition of lymphocyte proliferation by cells from tumor-bearing mouse spleen expressing
the CDllb/Mac-1 surface antigen requires cell contact

(A) Mixing exlprimiients were performed to evaluate inhibition by cells or soltuble factors. Responldei- spleen cells
fromi niaive mice were inicubated with either CD90/Thy-1.2, CD45R/B220 spleei cells (80% CDl lb/MacI posi-
tive by FACS anialyses) from tuLmor-bearing imlice or supernatant after incubatioin for 24 hr at a 9:1 ratio in 96-well
plates. These treatedl responder cells were then incuLbated with an equivalent nUnmber of irradiated allogeneic stim-
uLlator cells. 'HJthymidine was added 4 days later and incorporation was measured after an additional 16 hr. Re-
stults are reported as mean CPM + SEM froIm triplicate wells. Experimniets are rep)resentative of rcsuLlts from at
least three iin(dcpendent experimnents and at a 5:1 ratio. (B) Memnbrane separation was p)erformed to evaltiate inhi-
bitioin by soltuble factors. Respoinder spleen cells from naive mice were incubated with spleen cells from tuLnmor-
bearing, milice at a 3:1 ratio in thc same well or sel)arated by a semifermeable membrane. The mixtuLres wvere then
inIcuLbated With1 ani equLivalcnt Linumber of irradiated allogeneic stimuLlator cells. ['HJthiymidine was added 4 days
later and tthc cells were placed into wells in a 96-well dish and incorporation was measured alter an additional 16
hr. ResLIlts are reported as mean CPM + SEM from triplicate wells.

iimals (1 5, 18 ). Third, monocytes from animals
bearing the Dl-DMBA-3 imammary adenocarci-
noma indtuces sttppressioin of naive T cells by a

contact-dependent tiianner in response to Con A
(14).

The Imeclhaniism by wlhiclh tutmnor cells induce
a suppressive phenotype in inoinocytes is cur-

rently unlkniownl. It is possible that tumor cells
provide signials to these immuine cells by two

mechanisimis. First, tuimiXor cells have beein deimi-
onstrated to elaborate a variety of cytokines, and
these cotulci iniduLce the monocyte to become suLp-
pressive. Sulch a cytokine would induce the
imonocyte to deliver signals to the T cell which
itihibit the resp(onse to activation signals. Al-
thlough it is possible that such cytokines could
affect antigeni presentation, such a defect would
not likely be resionsible for the inhibitioin ob-
served helre, sinlce aIntigeIn-preseIntinlg cells reside
in the allogeineic irradiated stimulator population

and provide costiimulatory signals inl our experi-
ments. While there would be mlainy candidate
cytokines that would prevent antigein presenta-
tion to the T cell and that are produced by tu-
tnors, such as IL- 10 and IL- 1 receptor antagonist
(19,20), no soluble factors are known that in-
duce the monocytic phenotype noted in ouLr
studies. Alternatively, chronic stimnulation of the
immIune system by large amounts of tumor an-

tigens imiay alter TCR and cytokine signaling
through immune cell surface initeractions. In
support of this theory, it has been shown that
antibody to CD 14 on human monocytes induces
a contact-dependeint signal to T cells, which in-

hibits proliferation in response to activatioin sig-
nals. It has been proposed that a CD14 ligand
imlight exist on activated T cells whiclh interacts
with CD14 on ntoinocytes as part of a negative
regulatory circuit (21). Although the molecule
induced on the nionocyte is not knowni, the find-
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ing of increased FasL expression in this popula-
tion suggests its potential involvement in this
effect. It may also provide a useful surrogate
marker for tumor-induced immunosuppression.

The molecular signal from monocyte to T cell
in this study is membrane or cell associated. Can-
didate molecules could include TGF-,B and nitric
oxide, as they have been demonstrated to de-
crease proliferation of activated lymphocytes and
can be associated with the membrane (TGF-f3)
(22) or lose activity quickly after being released
from the cell (nitric oxide) (23). In some in-
stances, TGF-j3 antibodies can reverse inhibition
by monocytes, for example, in hyperimmunized
mice (22), however, neither of these molecules
has been demonstrated to decrease ( expression
in the TCR, and neutralizing antibodies to TGF-,B
did not block the negative signal to T cells in this
study (data not shown). These findings suggest
that TGF-f is not involved in decreasing T cell
proliferation in our system.

The CD 1 lb/Mac- 1 + monocytic cell from tu-
mor-bearing mice has been demonstrated to
down-regulate T cell responses to alloantigens.
This data, in conjunction with recent studies that
demonstrate that CD 1 lb/Mac- 1 cells down-
regulate expression of the (-chain of the CD3-

FIG. 6. FACS analysis of Fas and Fas
ligand expression in monocytic cells
derived from tumors
Cell suspensions were prepared from tu-
mor-bearing animals (Day 18) and incu-
bated with antibodies directed to Mac-I
(ordinate) and Fas (A) or Fas ligand (B).
Negative control antibody immunofluo-
rescence is shown at the right on each
panel as indicated. The abscissa shows
staining for Fas or Fas ligand as indicated,
and the percentage of positive cells for
each antibody is shown in the upper
panel of the relevant regions of analysis.

TCR complex supports the hypothesis that a
CD 1 lb/MacI + cell-associated factor plays an im-
portant role in determining responsiveness to
antigens in animals with a large tumor burden.
The monocyte, which in some instances can pro-
vide appropriate peptide fragments and costimu-
latory molecules to activate specific T cells, could
provide inhibitory signals to prevent T cell pro-
liferation in response to appropriate activation
signals. The capacity to inhibit such T cell re-
sponses may be an important control mechanism
not only in tumor-induced evasion of immune
responses, but also for appropriate recognition of
viral proteins and auto-antigens.
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