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ABSTRACT

Metastatic Lewis Inni; carcinoma (LLC-LN7) cells have previously been
shown to produce granulocyte-macrophage colony-stimulating factor
(GM-CSK) which induces the appearance of immunosuppressive granu-
locytic-macrophage progenitor cells (GM-suppressor cells). The present in
film studies showed that treatment of LLC-LN7 tumor cells with la,25-
dihydnixyvitamin I)., |1,25(OH)2D.,| plus low dose y-interferon (IFN-y)
resulted in a synergistic reduction in tumor GM-CSF secretion and a
blockage in the capacity of the tumor cells to induce GM-suppressor cells.
The |>imliu i mu of GM-CSF by bulk cultures of enzymatically dissociated
LLC-LN7 tumors that had been excised as s.c. tumors from mice was also
blocked when the dissociated tumor was cultured with 1.2.Ã‘OIIi ,1), plus
IFN-Y. Ou r previous and present studies showed that GM-suppressor cells
persist in bulk cultures of dissociated LLC-LN7 tumors after a 1-week
period of culture. Addition of either 1,25(OH)2D., or IFN-y did not dimin
ish the persistence of GM-suppressor cells. However, when tumor produc
tion of GM-CSF was inhibited by culture with both 1.25iOlli .1), and
IFN-y, the ability of the dissociated tumor culture to sustain the presence
of GM-suppressor cells was blocked. This elimination of GM-suppressor
cells by treatment of the dissociated tumor with l,25i()lli:]), and IFN-y
coincided with increased expansion of CD8+ tumor-infiltrating leukocytes

and increased cytotoxic T-lymphocytes activity of tumor-infiltrating lym
phocytes. These results suggest that blocking tumor production of GM-
CSF can interrupt the suppressor-inducing cascade of the tumor and
enhance expansion and anti-tumor cytolytic reactivity of tumor-infiltrat

ing leukocytes.

INTRODUCTION

Cancers, including lung cancers, can evoke responses by anti-tumor
effector cells such as macrophages, lymphokine-activated killer cells
and tumor-specific CTL-1 (1-3). Such immune responses to human

lung cancers are also important in maintaining cancer dormancy (4).
Unfortunately, tumor-induced immunosuppressor cells often subvert

the immune functions of patients and animals bearing cancers, some
times giving the impression that the cancers are not immunogenic or
susceptible to immune cytolysis (5-8). Suppressor cells have also

been shown to reduce the effectiveness of immunothÃ©rapiesthe aim of
which is to augment anti-tumor immunocompetence (6, 9-11). Im
munothÃ©rapiesthat have been developed include IL-2 alone or to
gether with adoptive transfer of in n'fro-expanded lymphokine-acti

vated killer or TIL, and activated macrophages (2, 12-14). These
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studies with human and animal lung cancers suggest that the success
of immune defenses and immunothÃ©rapiesin limiting tumor growth or
maintaining tumor dormancy might be enhanced by first identifying
and then eliminating the tumor-induced suppressor cells.

Among the more commonly studied immune suppressor cells that
are induced by some tumors are suppressor T-cells (8, 15). Studies in

animal lung tumor models have shown that by blocking immune
responses to the lung tumors, these suppressor T-cells can cause the

false appearance of the lung cancer to be nonimmunogenic, an ap
pearance that dissipates when the suppressor cells are eliminated (6).
The other commonly studied suppressor cells that appear in some lung
cancer patients are prostaglandin E2-secreting monocytes (5).

More recently, we and others have shown that by producing GM-

CSF and stimulating myelopoiesis, tumors can increase the presence
of a different, less mature, population of immune suppressor cells that
arise from the bone marrow (16-19). Many tumors, including human

lung cancers, glioblastomas, breast cancers, and hepatocellular carci
nomas produce GM-CSF (17, 20-22), and myelopoietic stimulation

has been demonstrated in humans and animals with tumors (16, 19,
23). Using the murine metastatic LLC-LN7 tumor model, we have
shown that these myelopoiesis-associated suppressor cells become the
dominant population of suppressor cells as LLC-LN7 tumor growth
progresses, appearing first in the bone marrow and then also systemi-

cally (16, 17, 24). Phenotypic and functional characterizations suggest
that the suppressor cells are identical to GM-progenitor cells (GM-

suppressor cells) (16, 24, 25). Additional support for identity with
GM-progenitor cells comes from our demonstration that the suppres
sor cells are recognized by the ER-MP12 antibody (24). which reacts
with mouse GM-progenitor cells (26).

No studies have attempted to block tumor induction of GM-sup

pressor cells or to interfere in the capacity of the tumor to sustain the
presence of already induced GM-suppressor cells. Studies with fibro-

blasts have shown that 1,25(OH)2D3 is inhibitory to the production of
GM-CSF (27). The present studies aimed to determine if 1,25(OH)2
D3, alone or in combination with low dose of IFN-y, could interrupt
the suppressor cell-inducing cascade of the LLC-LN7 tumor and the
capacity of the tumor to sustain already induced GM-suppressor cells.
The results of this study show that 1,25(OH)2D, and IFN-y synergis-
tically inhibit tumor production of GM-CSF and block the capacity of

the tumor cells to induce bone marrow cells to become immunosup
pressive. These studies also show that GM-suppressor cells are present

within bulk cultures of dissociated tumor but are eliminated when
added 1,25(OH)2D., plus IFN-y block tumor production of GM-CSF.
This interference in the capacity of tumor to maintain GM-suppressor
cells coincides with an increased expansion of CD8+ TIL and in

creased CTL activity within these cultures.

MATERIALS AND METHODS

Tumors and Treatments. LLC-LN7 tumor cells were originally isolated

from lung nodules of mice hearing s.c. implanted parental LLC tumors and
were cloned by limiting dilution (24). The described experiments used either in
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Fig. 1. 1,25(OH)2D3 and IFN-y synergize to block tumor production of GM-CSF.
LLC-LN7 cells were preincubated for 24 h with various concentrations of 1,25(OH)2D3
and IFN-y. Cells were then washed and suspended in medium for an additional 6 h. The
amount of GM-CSF (pg) produced into the supernatant by 5 X IO5 cells was measured by

ELISA. Data shown are mean results of 3 different experiments.

indirect immunofluorescence by using as the primary antibodies either normal
rat IgG, or the monoclonal rat ER-MP12 antibody (Accurate Chemicals). After
a 30-min incubation on ice with the primary antibodies, cells were washed and
incubated for 30 min in the dark with fluorescein isothiocyanate-labeled goat
anti-rat IgG antibody (Kirkegaard and Perry Laboratories, Inc., Gaithersburg,
MD). The proportion of CD8+ TIL in the bulk cultures was measured by direct

immunofluorescence using fluorescein isothiocyanate-conjugated CDS anti

body (Pharmingen). Cells were analyzed for fluorescent staining with a FACS

420 (Becton Dickinson, Sunnyvale, Ã‡A).A fourth aliquot of dissociated tumor
bulk culture was used to measure the cytolytic activity of TIL toward LLC-

LN7 cells. Various ratios of nonadherent cells from the dissociated tumor
cultures were mixed with 1 X 10" 5lCr-labeled LLC-LN7 tumor cells. After 6
h, the amount of 51Cr released into the supernatant was counted and the

percentage of cytotoxicity was calculated.
Statistical Analysis of Data. The significance of the difference between

each control and a complementary experimental value was determined by the
Student's / test. All studies were repeated at least 3 times and data are shown

as either means Â±SD of at least triplicate experiments from a representative
experiment, or as means Â±SEM of at least three experiments.

v/iro-propagated LLC-LN7 tumor cells, or dissociated nonnecrotic LLC-LN7

tumor that was excised from the s.c. implantation site of C57BL/8 mice (The
Jackson Laboratory, Bar Harbor, ME) at 3 weeks after tumor implantation,
when tumor were approximately 15 mm in diameter. Nonnecrotic tumors were
minced and enzymatically dissociated by incubation with 0.1 mg/ml DNase
type I, 1 mg/ml collagenase type IV, and 0.5 mg/ml hyaluronidase type V for
2â€”4h. Cells were centrifuged through a Ficoll-Hypaque gradient and recovered

from the interface for use as dissociated tumor. Unless otherwise indicated in
specific experiments, both dissociated tumor and cultured LLC-LN7 cells were
treated for 2 days with IO"8 M 1,25(OH)2D3 (ICN) or with recombinant mouse

IFN-y (specific activity, 2.3 X IO7 units/mg; supplied by Dr. H. M. Sheppard,

Genentech, Inc.). Endotoxin levels in the treatment preparations were mea
sured by a Limulus assay and were found to be undetectable. The effect of
preincubating cells for 2 days with 1,25(OH)2D3 and/or IFN-7 on their secre
tion of GM-CSF into fresh medium during a subsequent culture period was
determined by quantitating GM-CSF in the supernatants by ELISA (Genzyme

& Pharmingen) having a sensitivity of 4 pg/ml. The medium used for tumor
cultures and for all assays was RPMI-1640 containing 100 units/ml penicillin,
100 /xg/ml streptomycin, 0.02 M 4-(2-hydroxyethyl)-l-piperazineethanesuI-
fonic acid buffer solution, 50 /XM2-mercaptoethanol, 2 ITIML-glutamine, and
10% low-endotoxin fetal bovine serum.

Tumor Production of Suppressor-inducing Activity. The effects of treat
ments on tumor production of suppressor-inducing activity, previously shown
to be GM-CSF (17), was measured by the capacity of tumor supernatants to

induce normal bone marrow to become suppressive toward splenic T-cell

blastogenesis. In order to eliminate any direct effects of treatments on sup
pressor cells or on splenic T-cells, LLC-LN7 cells were first pretreated with
1,25(OH)2D3 and/or IFN-7, then washed and resuspended at 0.5 X lOVml in

fresh medium for an additional 24 h of incubation. Supernatants from these
LLC-LN7 cells were then added at a concentration of 30% (v/v) to 4 x 106/ml

normal femoral bone marrow cells. After incubating the bone marrow cells for
3 days in the presence of the LLC-LN7 supernatants, their suppressive activity

was measured as previously described (16, 17) by adding different ratios of
irradiated (25 Gy) bone marrow cells to microtiter wells containing 2 X IO5

normal spleen cells plus 4 /ig/ml concanavalin A. Two days later, cells were
pulsed with l ÃŸCi[3H]thymidine for 18 h and incorporated radioactivity was

then counted.
Bulk Cultures of Dissociated Tumor. Enzymatically dissociated LLC-

LN7 tumor (106/ml) was cultured with 1,25(OH)2D3 and/or IFN-7 for 1 week,

25 units/ml recombinant human IL-2 (Chiron/Cetus) being added at 5 days. At

1 week of culture, an aliquot of the cells was removed, washed, and resus
pended in fresh medium for measurement of the amount of GM-CSF secreted

during the subsequent 6 h by ELISA. A second aliquot was used to functionally
measure suppressor activity within the cultures, as described above, by the
suppressive effect of irradiated (100 Gy) dissociated unfractionated tumor
cultures on normal splenic T-cell blastogenesis. A third aliquot of cells was

used to determine the proportion of cells that phenotypically resemble GM-
suppressor cells and CD8+ T-cells. The frequency of ER-MP12+ cells, cells

that are arrested around the GM-colony-forming stage, was determine by

RESULTS

1,25(OH)2D3 plus IFN-y Reduce LLC-LN7 Production of GM-
CSF. The effect of 1,25(OH)2D3 alone or also with IFN-y on LLC-
LN7 cell production by GM-CSF was measured. LLC-LN7 cells were

precultured for 24 h with various concentrations of 1,25(OH)2D3
and/or IFN-7, washed, and resuspended in fresh medium for an ad

ditional 6 h of culture. Supernatants were then collected and the
concentration of GM-CSF was quantitated by ELISA. Increasing con
centrations of 1,25(OH)2D3 or IFN-y alone inhibited LLC-LN7 se
cretion of GM-CSF with significant inhibition of GM-CSF secretion
being achieved at 1(T7 M 1,25(OH)2D3 and 100 units/ml IFN-y (Fig.

1). When used together, 1,25(OH)2D3 and IFN-y synergistically in
hibited GM-CSF secretion, including at concentrations that were
minimally or not inhibitory individually. For example, GM-CSF se
cretion was not significantly inhibited by 10~s M 1,25(OH)2D3 or by

10 units/ml IFN-y. When used together, these same concentrations of
1,25(OH)2D3 plus IFN-y blocked GM-CSF secretion by 81% (P <
0.001). These concentrations of 10~8 M 1,25(OH)2D3 and 10 units/ml

IFN-y were used for all subsequent studies.
Reversibility of Inhibition of GM-CSF Secretion. To determine

if the inhibition of GM-CSF secretion by 1,25(OH)2D3 and IFN-y was
reversible, LLC-LN7 cells were pretreated for 24 h with 10~K M

1,25(OH)2D3 and 10 units/ml IFN-y, washed, and reseeded in fresh

medium. At various times, supernatants were removed for quantitation
of GM-CSF levels (Fig. 2). As was shown above, 1,25(OH)2D3 had a
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Fig. 2. Reversibility of the GM-CSF-inhibitory effect of 1,25(OH)2D3 and IFN--y.
LLC-LN7 cells were preincubated for 24 h with IO'8 M 1,25(OH)2D3 and/or with 10

units/ml IFN-y. Cells were then washed, suspended in fresh medium, and culture super
natants were collected at various times thereafter. The amount of GM-CSF in these
supernatants was quantitated by ELISA. Data shown are mean values of triplicate deter
minations of the amount of GM-CSF secreted (pg) by 5 X ID5 cells.

6007

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/24/6006/2452903/cr0530246006.pdf by guest on 19 M

ay 2023



TUMOR-INDUCED CM SUPPRESSOR CELLS

0 50 100 150 200
SfH-TdR uptake, cpm x 103

Fig. 3. Blockage of tumor production of suppressor-inducing activity. LLC-LN7 cells
were preincubated with 10"" M 1,25(OH)2D3 and/or with 10 units/ml IFN-T for 24 h,

washed, and suspended in fresh medium for an additional 24 h of culture. Supernatants
were then collected and assessed for suppressor-inducing activity hy the ability to induce

normal bone marrow cells to become immunosuppressivc. After 3 days of culture, bone
marrow cells were irradiated and their suppressor activity was measured by the inhibitory
effect on normal splenic T-cell hlastogenesis to 4 /Ag/ml concanavalin A. Data shown are
mean Â±SEM levels of incorporated [3H]thymidine (cpm) from three experiments.

minimal inhibitory effect on GM-CSF secretion by LLC-LN7 cells,

and this inhibition was synergistically augmented by the addition of
10 units/ml IFN-y (P < 0.001 at each time point when compared to
each of the other treatment groups). The reduction of GM-CSF secre
tion persisted for at least the 48 h subsequent to removal of 1,25-
(OH)2D3 and IFN-y, although the extent of inhibition was subsiding
by 48 h. This suggests that the inhibition of GM-CSF secretion is

eventually reversed, although not for more than two days after ces
sation of treatment.

1,25(OH)2D., plus IFN-y Block LLC-LN7 Production of Sup
pressor-inducing Activity. Our previous studies had shown that
LLC-LN7 cell production of GM-CSF induces normal bone marrow

cells to become immune suppressive, with the suppressor population
being GM-progenitor cells (16, 17, 24, 25). Since Figs. 1 and 2
showed that GM-CSF secretion by LLC-LN7 cells could be inhibited
with 1,25(OH)2D3 plus IFN-y, the capacity of this treatment to con
currently block LLC-LN7 production of suppressor-inducing activity
was assessed. After preincubating LLC-LN7 cells with 10~HM 1,25-

(OH)2D3 and 10 units/ml IFN-y, the LLC-LN7 cells were washed and

reseeded. After 24 h, culture supernatants were collected and their
capacity to induce normal bone marrow cells to become suppressive
toward T-cell blastogenesis was measured (Fig. 3). Supernatant of
control LLC-LN7 cells induced an immune suppressive population in
normal bone marrow cells which inhibited T-cell function (P <
0.001). LLC-LN7 cell production of suppressor-inducing activity was

slightly reduced by 1,25(OH)2D3 pretreatment (P < 0.05), but was
unaffected by prctreatmcnt with IFN-y. However, supernatants of
LLC-LN7 cells that had been preincubated with both 1,25(OH)2D3
and IFN-y lost the capacity to induce bone marrow cells to become

immune suppressive since no suppression was detected when these
bone marrow cells were added to spleen cells (no significant differ
ence from responses of normal spleen cells alone).

Eliminating Suppressor Activity from Bulk Cultures of Enzy-
matically Dissociated LLC-LN7 Tumor. Analyses were performed
to measure suppressor activity in bulk cultures of dissociated GM-
CSF-producing LLC-LN7 tumors and to determine if this suppressor

activity could be eliminated by blocking tumor production of
GM-CSF with 1,25(OH)2D, and IFN-y. Unfractionated dissociated

tumors which were first bulk cultured for 1 week in the absence of
either 1,25(OH)2D3 or IFN-y and were then suspended in fresh me
dium, secreted 151 Â± 21 pg GM-CSF/5 X 10s cells during the

subsequent 6 h of culture. When, instead, the dissociated tumors had
been cultured with 1,25(OH)2D3 and IFN-y, GM-CSF secretion was
reduced to 39 Â±7 pg/5 X H)5 cells.

The presence of GM-suppressor cells in these cultures was also
measured. The immune suppressor cells that are induced in LLC-LN7
tumor bearers by tumor production of GM-CSF can be identified with
the ER-MP12 antibody, which recognizes GM-progenitor cells (26).
FACS analysis of dissociated LLC-LN7 tumor showed presence of
these ER-MP12+ cells within freshly dissociated LLC-LN7 tumor,

comprising approximately 10% of the cells (not shown). Shown in
Fig. 4 is that the presence of these ER-MP12+ cells persists in the

tumor bulk cultures after 1 week of culture. Addition of either 1,25-
(OH)2D3 or IFN-y did not reduce the number of ER-MP12+ cells,

while addition of both 1,25(OH)2D3 and IFN-y reduced the number of
ER-MP12+ cells by over 70%. Functional analyses showed that this
reduction in ER-MP121 cells in the culture coincides with a reduction

in suppressor activity in the tumor bulk culture. The control dissoci
ated tumor culture was suppressive to splenic T-cell function, with

prominent suppression being apparent even when added to spleen
cells at the lowest tested ratio of 1:8 (Fig. 5). Supplementation of the
tumor bulk culture with IFN-y had no effect on suppressor activity,

although 1,25(OH)2D3 slightly diminished suppressor activity. The
tumor bulk culture that contained both 1,25(OH)2D3 and IFN-y had

the lowest level of suppressor activity which only became detectable
when added to spleen cells at the highest tested ratios of 1:2 and 1:1.
That the loss of suppressor activity was due to the blockage of GM-

CSF production was determined by supplementing parallel cultures
for 1 week with 100 pg/ml recombinant GM-CSF. The GM-CSF-

supplemented cultures contained similar levels of suppressor activity,
regardless of whether they also contained 1,25(OH)2D3 and IFN-y, as
did the control cultures in which GM-CSF production was not blocked
with 1,25(OH)2D3 and IFN-y. These flow cytometric and functional

analyses both suggest that the presence of immune suppressor cells in
bulk cultures of LLC-LN7 tumor can be diminished by blocking
tumor production of GM-CSF with 1,25(OH)2D3 and IFN-y.

Eliminating GM-Suppressor Cells Increases Expansion and Cy-
tolytic Activity of CD8+ Cells in Cultures of Dissociated LLC-LN7

Tumors. In addition to determining if inhibition of GM-CSF produc
tion by the LLC-LN7 tumor would reduce suppressor activity and the
number of ER-MP12+ cells, studies with these same bulk cultures

determined if this coincides with an increased capacity to expand
CD8+ CTL from the dissociated tumor. After 1 week of bulk culture,

less than 5% of the control dissociated tumor culture was composed of
CD8+ cells (Fig. 4). Neither 1,25(OH)2D3 nor IFN-y had any signifi-

Media

1,25(OH)2D3

IFN-y

1,25(OH)2D3
+ IFN-y

ER-MP12
cells

Media

1,25(OH)2D3
IFN-y

1,25(OH)2D3
+ IFN-y

CD8 cells

5 10
Percent positive cells

15

Fig. 4. Fluorescence-activated cell sorter analysis for persistence of ER-MPI2 cells and
for expansion of CDS cells in cultures of dissociated LLC-LN7 tumor. LLC-LN7 tumors
were excised from the s.c. site of mice and enzymalically dissociated. Dissociated tumors
were then bulk cultured for 1 week with 10"s M l,25(OH)2Di and/or 10 units/ml IFN--y,
with 25 units/ml recombinant IL-2 being added at day 5. The proportion of ER-MP12*

cells was then determined after indirect immunofluorcsccnce staining by using ER-MP12
primary antibody and fluorescein isothiocyanate-laheled goat anti-rat secondary antibody.
The proportion of CD8+ cells was determined after directly staining with fluorescein
isothiocyanate-conjugated CD8 antibody. The number of staining cells was measured with

a FACS 420 analyzer. Data shown are the mean percentage of positive staining cells from
4 determinations.
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Fig. 5. Elimination of suppressive activity in hulk cultures of dissociated LLC-LN7
tumor by culture with 1Q-" M 1,25(OH)2D3 and/or 10 units/ml IFN-y. LLC-LN7 tumors

were excised from the s.c. site of mice and enzymatically dissociated. Dissociated tumors
were then bulk cultured for 1 week with lu"" M 1,25(OH)2D., and/or 10 units/ml IFN-7,

with 25 units/ml recombinant IL-2 being added at day 5. Cells were then irradiated and
added at different ratios to 2 X IO5 normal spleen cells plus 4 fig/ml concanavalin A. Data
shown are mean levels of incorporated [-'H]thymidine (cpm) by the spleen cells from

triplicate determinations.

cant effects on the number of CD8+ TIL. However, the proportion of
CD8+ cells in the cultures which were supplemented with both 1,25-

(OH)2D, and IFN-y was approximately triple that of control cultures
(P < 0.01). Functional analyses for cytolytic activity toward LLC-

LN7 tumor by partially purified lymphocytes from these cultures
showed an increased level of LLC-LN7 tumor cytolysis by cells ob

tained from cultures that had been supplemented with 1,25(OH)2D3
and IFN-7 (Fig- 6). These studies suggest an increased capacity of
CD8+ CTL to expand and function in cultures when ER-MP12+

cells are eliminated by blocking tumor production of GM-CSF with
1,25(OH)2D3 and IFN-y.

DISCUSSION

Our previous studies had shown that metastatic LLC-LN7 tumors
secrete GM-CSF which stimulates myelopoiesis and induces the ap
pearance of immune suppressive GM-progenitor cells (16, 17, 25).

The results of this present study show that tumor secretion of
GM-CSF can be inhibited with 1,25(OH)2D3 plus IFN-y. This leads to
an interruption of the suppressor-inducing cascade of the tumor. 1,25-
(OH)2D3 has previously been shown to inhibit production of GM-CSF
by fibroblasts (27). However, the mechanism by which IFN-y syner-
gizes with 1,25(OH)2D3 to enhance blockage of GM-CSF production
has not yet been investigated. Since IFN-y has previously been

shown to increase expression of various cell surface proteins, includ
ing major histocompatibility complex molecules and cytokine recep
tors (28-30), it is possible that IFN-y might also be increasing

expression of specific 1,25(OH)2D3 receptors.
Our study also investigated the possibility that by blocking tumor

secretion of GM-CSF, 1,25(OH)2D, plus IFN-y might also eliminate
the presence of already existent GM-suppressor cells. This was in
vestigated with bulk cultures of dissociated LLC-LN7 tumors. Such
studies showed that in the milieu of the GM-CSF-producing tumor,
GM-suppressor cells can persist for at least 1 week of culture. We did

not perform kinetic analyses to determine the full length of time that
the GM-suppressor cells can continue to persist in control cultures. Of
significance is that when GM-CSF production was blocked, the pres
ence of GM-suppressor cells declined, as analyzed both functionally

and phenotypically. While this is consistent with the interpretation that

GM-suppressor cells were eliminated because of the blockage of
GM-CSF production, it is alternatively possible to argue that since
1,25(OH)2D3 and IFN-y have a variety of activities on various cell
types (28-31), they might have a direct inhibitory influence on the
GM-suppressor cells. Studies to test this possibility showed it to be

unlikely since at the concentrations used in this study, 1,25(OH)2D3
plus IFN-y treatment loses its effectiveness at eliminating GM-sup
pressor cells when GM-CSF content is maintained by addition of
recombinant GM-CSF. In addition, the doses of 1,25(OH)2D3 and
IFN-y that were used in this study did not directly influence the
growth of the LLC-LN7 tumor in culture. Thus, the results of this
series of studies show that 1,25(OH)2D, plus IFN-y can both block
the induction of GM-suppressor cells and eliminate the presence of
already existent GM-suppressor cells.

Previously we showed that when GM-suppressor cells are physi
cally depleted from spleens of LLC-LN7 tumor-bearing mice, the
functional competence of splenic T-cells is restored. This was the

impetus for performing the currently described studies the results of
which showed that the number and cytolytic activity of CDS + TIL can

be increased when GM-CSF secretion and, in turn, presence of GM-
suppressor cells are eliminated by adding 1,25(OH)2D3 plus IFN-y to

the dissociated tumor culture. Such results underscore the significance
of GM-suppressor cells in hampering the expansion and cytolytic
activity of anti-tumor effector cells. However, since many human
cancers have been shown to produce GM-CSF (21-23) and human
GM-progenitor cells have been shown to be immunosuppressive (32),
it is likely that GM-suppressor cells can also be induced in patients
with GM-CSF-producing cancers. One practical implication of our
results with LLC-LN7 tumors is the possible use of 1,25(OH)2D3 and
IFN-y to eliminate GM-suppressor cells from bulk cultures of disso

ciated human tumors so as to enhance the expansion and activity of
TIL for use in adoptive IL-2 plus TIL immunotherapy.

The therapeutic usefulness of 1,25(OH)2D3 as a potential treatment
of human cancers is limited by the development of hypercalcemia. To
circumvent this problem, analogues of 1,25(OH)2D3 have been de
veloped which function through 1,25(OH)2D3 receptors to influence
tumor cells both in vitro and in vivo, but which do not cause hyper-

60
1,25(OH)2D3

+ IFN-y

2.5:1 5:1
Percent cytotoxicity

10:1

Fig. 6. Culturing dissociated LLC-LN7 tumor with 1,25(OH)2D., and 10 units/ml
IFN-7 enhances TIL-mcdiated cytolysis of LLC-LN7 tumor target cells. Enzymatically
dissociated LLC-LN7 tumors were bulk cultured for 1 week with 10"K M l,25(OH)2Di

and/or 10 units/ml IFN-y, with 25 units/ml recomhinant IL-2 being added at day 5.
Lymphocytes were then partially purified from the tumor cells by density gradient cen-
trifugation. The enriched lymphocyte fraction was added at different ratios to 1 X IO4
S|Cr-labeled LLC-LN7 tumor target cells. After 6 h, the amount of MCr released into the

supernatant was counted and the percentage of cytotoxicity was calculated. Data shown
are mean percentages of cytotoxicity of triplicate determinations.

6009

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/24/6006/2452903/cr0530246006.pdf by guest on 19 M

ay 2023



TUMOR-INDUCED OM SUPPRESSOR CELLS

calcemia (33, 34). Our demonstration that 1,25(OH)2D3 and IFN-y are
effective at eliminating suppressor cells while enhancing anti-tumor
effector cell activity encourages future studies to determine if non-
calcium-mobilizing analogues of 1,25(OH)2D3 synergize with IFN-y
to block GM-CSF production and diminish GM-suppressor cells

presence in vivo.
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