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Summary. Progressive growth of metastatic Lewis lung 
carcinoma (LLC) tumors results in a concurrent stimula- 
tion of myelopoiesis and the appearance of immune-sup- 
pressive bone marrow cells. The present study has shown 
that normal bone marrow cells could be induced to become 
immune-suppressive by 3 days of culture with super- 
natants of cloned metastatic LLC-LN7 variant cells. The 
capacity of the LLC-LN7 supernatants to stimulate the 
äppearance of suppressor cells was directly proportional to 
the concentration of supernatant used in the bone marrow 
culture. When adoptively transferred with a LLC-LN7 
tumor inoculum, the supernatant-induced suppressor bone 
marrow cells increased the rate of appearance of palpable 
tumors and the frequency of tumor establishment. The 
LLC-LN7 supernatants containing suppressor-cell-induc- 
ing activity also had colony-stimulating factor (CSF) activ- 
ity. The CSF activity produced by the LLC-LN7 cells 
could be diminished with neutralizing antibodies to either 
granulocyte/monocyte(GM-) CSF or to interleukin-3 
(IL-3). Likewise, the suppressor-inducing activity in the 
LLC-LN7 supernatants was diminished by pretreatment 
with anti-GM-CSF or anti-IL-3. The combination of anti- 
GM-CSF and anti-IL-3 completely neutralized all suppres- 
sor-inducing activity produced by the LLC-LN7 cells. 
These results suggest that the secretion of IL-3 and GM- 
CSF by LLC-LN7 tumor cells is a mechanism by which the 
tumors stimulate myelopoiesis and induce normal bone 
marrow cells to become immune-suppressive. Bone mar- 
row cells that are induced to become immune-suppressive 
by culture with LLC-LN7 supernatants can, in turn, facili- 
tate the establishment of tumor in vivo. 

Key words: Lewis lung carcinoma - GM-CSF - IL-3 - 
Bone marrow - Immune suppressor 

* This study was supported by the Medical Research Services of the 
Veterans Administration and by grant CA-45080 from the National Insti- 
tutes of Health 

Offprint requests to: M. R. I. Young 

Introduction 

Tumor cells are vulnerable to destruction by immune effec- 
tor cells such as macrophages, natural killer (NK) cells, 
lymphokine-activated killer cells and cytotoxic T lympho- 
cytes [3, 14, 19, 21]. However, tumor induction of im- 
mune-suppressor cells can facilitate immune escape [1, 9, 
16, 25]. These tumor-induced immune-suppressor cells 
have classically been characterized to be Thy-1 ÷ T lym- 
phocytes or adherent macrophages. More recently, tumors 
have been shown to stimulate myelopoiesis and, con- 
sequently, the appearance of bone-marrow-derived im- 
mune-suppressor cells [7, 24, 27, 30]. While in some in- 
stances these myelopoiesis-associated suppressor cells re- 
semble bone-marrow-derived macrophages [7], other stud- 
ies have shown these suppressor cells to be immature null 
cells lacking markers typical of mature macrophages or 
lymphocytes [24, 27, 30]. 

Myelopoiesis and the appearance of bone-marrow- 
derived immune-suppressor cells can be directly induced 
by colony-stimulating factors (CSFs) [7, 9, 17, 24, 31]. 
Many tumor types including ovarian, breast, pancreatic 
and lung tumors produce CSF activities and stimulate my- 
elopoiesis in vivo [5, 7, 15, 18, 24, 27]. There are four 
well-characterized CSFs that influence the development of 
bone marrow progenitor cells. Generally, IL-3 acts on 
pluripotent stem cells, GM-CSF acts on bipotential stem 
cells to produce monocytes and granulocytes, G-CSF in- 
duces granulocyte colony formation, and CSF-1 induces 
monocyte colony formation [4, 8, 13]. These CSFs can also 
directly regulate immunity [6, 7, 12, 20, 22, 26]. In addi- 
tion, the stimulation of myelopoiesis by CSFs can induce 
the appearance of myelopoiesis-associated immune- 
suppressor cells [11, 24, 31]. Murine GM-CSF and IL-3 
can each induce bone marrow cells to become immune- 
suppressive during in vitro culture. When combined, GM- 
CSF plus IL-3 synergize to induce a greater level of im- 
mune-suppressor activity [31]. 

In the Lewis lung carcinoma (LLC) tumor model, we 
have shown that the progressive growth of metastatic LLC 
variant tumors results in myelopoiesis, which has been 
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characterized by increases in the number of granulo- 
cyte/macrophage progenitor cells in the borte marrow and 
spleen, and increases in the proportion of immature mono- 
cytic cells in the peripheral blood [27, 30]. The myelo- 
poietic stimulation in the LLC tumrr bearers coincided 
with a progressive decline in T-cell competence and with 
the appearance of a population of myelopoiesis-associated 
immune-suppressor cells, first in the borte marrow and then 
in the spleen. These bone-marrow-derived suppressor cells 
resembled immature cells of the monocyte lineage as they 
were nylon-wool-nonadherent, Thy-l-, IgM-, MG1.2-, 
asialoGMl-, sensitive to treatment with the monocyte 
toxin L-leucine methyl ester, and mediated their suppres- 
sion through a pathway that was not dependent on prosta- 
glandins [27]. The results of the present study suggest that 
LLC cells stirnulate both myelopoiesis and the appearance 
of bone-marrow-derived immune-suppressor cells by se- 
cretion of GM-CSF and IL-3. 

Materials and methods 

Mice. Male C57B1/6 mice, 6 - 8  weeks old, were used for all studies. The 
mice were obtained from Harlan Sprague Dawley (Indianapolis, Ind.) 
and then housed at the Hines V. A. animal research facility. 

Medium. The culture medium used was RPMI- 1640 containing 100 U/tal 
penicillin, 100 I.tg/ml streptomycin, 0.02 M HEPES buffer solution, 
0.05 mM 2-mercaptoethanol, 2 mM L-glutamine and 10% low-endotoxin 
fetal bovine serum (Sigma Chemical Co., St. Louis, Mo). 

Tumor cells. Cloned metastatic LLC-LN7 variants had been isolated 
from lung nodules of mice bearing subcutaneously implanted parental 
LLC tumors as previously described [28]. 

LLC-LN7 supernatant. Supernatants of LLC-LN7 cells were prepared by 
culturing 1 x 106 cells/ml for 24 h. Cultures were then centrifuged, su- 
pernatants were collected and filtered. In select experiments, aliquots of 
culture medium or LLC-LN7 supernatants were incubated for 2 h at 
37°C with anti-(mouse GM-CSF) antiserum at a 10 4 dilution and/or 
with monoclonal anti-(mouse IL-3) antibody at a dilution of 1 : 200. The 
goat anti-(mouse GM-CSF) antiserum was kindly provided by Dr. J. 
Schreurs, while rat hybridoma supernatant containing anti-(mouse IL-3) 
antibody was generously provided by Dr. J. Abrams, both of DNAX 
Research Institute of Molecular and Cellular Biology. 

Sofi-agar colony-forming assay. Into each 35 x 10-mm tissue-culture 
dish, were placed 7.5 x 104 bone marrow cells in 1 ml semisolid supple- 
mented RPMI-1640 medium containing 20% fetal bovine serum, 0.3% 
agar (Bacto Agar; Difco laboratories, Detroit, Mich.), and various con- 
centrations of culture supernatant from LLC-LN7 cells. In some studies, 
the media or supernatants were first preincubated for 2 h with anti-IL-3 
and/or anti-GM-CSF antibodies as described above and then used at a 
20% concentration in the colony-forming assay. The colonies (>50 cells) 
were counted after 6 days of culture. 

In vitro induction of immune-suppressor cells. Normal bone marrow 
cells were cultured for 3 days at a concentration of 4 x 106 cells/ml in 
medium alone or in various concentrations of supernatants of LLC-LN7 
cells. In some studies, the medium or supernatants were first prein- 
cubated for 2 h with anti-IL-3 and/or anti-GM-CSF antibodies, and then 
added at a supernatant or medium concentration of 20% to bone marrow 
cells for 3 days of culture. 

Assay for immune-suppressor cell activity. Cultured bone marrow cells 
and fresh bone marrow cells were washed, irradiated with 2500 R and 
adjusted to an equal number of viable cells/ml. Suppressor activity of 
these bone marrow cells was measured as we have previously described 
[31] by the capacity to suppress normal splenic T cell blastogenesis to the 
mitogen concanavalin A (ConA). Briefly, normal spleen cells were incu- 
bated at 37°C with irradiated suppressor cells and ConA for 3 days in 
flat-bottom microtiter plates. Each assay was conducted in triplicate, 
irradiated suppressor cells being mixed with 2 x 105 normal responder 
spleen cells at a ratio of 1 : 0.25 or, in select experiments, also at 1 : 0.06. 
ConA was used at the optimal concentrations of 4 t~g/ml or 2 ~tg/ml or, in 
some experiments, also at the suboptimal concentration of 1 gg/rel. For 
the last 18 h of culture, 1 gCi [3H]thymidine was added to each well. 
Cells were sedimented and the incorporated [3H]thymidine was counted 
in a Beckman liquid scintillation counter. 

Fractionation of bone marrow suppressor cells. Following culture with 
either medium or LLC-LN7 superuatants, bone marrow cells were frac- 
tionated into subpopulations by their adherence to nylon wool, or by their 
sensitivities to various treatments, and then assessed for their capacity to 
inhibit T cell blastogenesis to ConA. Nylon-wool-nonadherent borte 
marrow cells were obtained by incubating 5 x 107 bone marrow cells for 
1 h in 6 ml nylon-wool colurrms at 37 ° C. After this time, nonadherent 
cells were eluted by washing with warmed medium. Cells of the macro- 
phage lineage were depleted from nylon-wool-nonadherent bone marrow 
cells by treatment with the lysosomotropic agent, L-leucine methyl ester 
(LeuOMe), as previously described [23]. After nylon-wool fractionation 
of the borte marrow cells, the nonadherent cells were resuspended to 
5 × 106 cells/lnl in 5 mM LeuOMe or RPMI-1640 medium and incubated 
for 1 h at 22 ° C. The cells were washed twice with Hank's balanced salt 
solution and resuspended in culture medium. T lymphocytes or NK cells 
were depleted from the cultured bone marrow cells by treatment with 
complement (low-tox-M rabbit complement, Cedarlane Laboratories, 
Hornby, Ontario, Canada) and Thyl.2 antibody (Becton-Dickinson, 
Mountain View, Calif.), or asialoGM 1 antibody (Waco Chemicals USA 
Inc., Dallas Tex.). Bone marrow cells, 5 x 106, were mixed with either 
1 gg Thyl.2 antibody for 45 min at 4°C, or with 600 gg asialoGM1 
antibody for 30 min at 37 ° C for 30 min at room temperature. After the 
incubation with antibodies, cells were washed and incubated with 1 ml 
complement at a final dilution of 1 : 12 for 45 min at 37 ° C. The remain- 
ing cells were then washed, irradiated and used in the suppressor assay. 
The results shown are those for which the effectiveness of the cell-deple- 
tion procedures was assured by parallel treatment of normal spleen cells 
and measurement of the following: depletion of LeuOMe-sensitive mon- 
ocytic cells or Thyl +I T lymphocytes, by the elimination of blastogenic 
responsiveness of the remaining spleen cells to ConA; for NK cells, by 
the elimination of cytolytic reactivity against the NK-sensitive YAC-1 
target cells. 

Adoptive transfer experiments. Groups of 10 C57B1/6 mice received a 
dorsal subcutaneous injection of 1 × 105 LLC-LN7 tumor cells, a concen- 
tration that results in establishment of tumors in approximately 20% of 
the mice. With this tumor inoculum were also mixed 1 x 106 irradiated 
(2500 R) borte marrow cells, which had been preincubated for 3 days 
with either medium or with LLC-LN7 supernatant. The mice were moni- 
tored during the subsequent 4 weeks for the appearance of palpable 
tumors. 

AnaIysis of data. The Student's t-test was used to determine the signifi- 
cance of the differences between values in assays measnring suppressor 
activity and in soft-agar colony-forming assays. All data were expressed 
as means of triplicates _+ SD. All assays were repeated at least three 
times. 
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Fig. 1. Induction of immune-suppressive bone marrow (BM) cells by 
culture with supernatants of Lewis lung carcinoma LLC-LN7 cells. Nor- 
mal bone marrow cells were cultured for 3 days with medium or with 
LLC-LN7 culture supernatants diluted in medium to different concentra- 
tions. These cultured bone marrow cells and fresh bone marrow cells 
were then washed, irradiated and their effects on the blastogenic re- 
sponses of  normal spleen cells to optimal and suboptimal concentrations 
of concanavalin A (ConA) were assessed. Values are mean cpm __ SD of 
triplicates 

Results  

Dose-dependent capacity of LLC-LN7 supernatants to in- 
duce bone marrow suppressor cells 

The capacities of different concentrations of supematants 
(5%-40%) from LLC-LN7 cells to induce normal-bone 
marrow cells to become immune-suppressive were com- 
pared (Fig. 1). Freshly isolated bone marrow cells were 
minimally suppressive to T cell activity while slightly 
more suppressor activity was apparent for bone marrow 
cells that had been precultured with medium. However, 
bone marrow cells that had been precultured with LLC- 
LN7 supernatants were more suppressive to T cell blasto- 
genesis (P <0.01). The extent of bone marrow immune- 
suppressor activity was directly proportional to the concen- 
tration of LLC-LN7 supernatant used in the bone marrow 
preculture. T cell blastogenesis was inhibited by at least 
50%, even when the LLC-LN7 supernatant used to gener- 
ate the bone marrow suppressor cells was as little as 5%. In 
addition, these levels of suppressor activity were apparent 
regardless of whether T cell blastogenesis was measured at 
the optimal doses of 4 gg/ml and 2 gg/ml ConA, or at the 
suboptimal dose of 1 gg/ml ConA. 

These bone marrow cells, which had been cultured with 
either medium or LLC-LN7 supernatant, were then sub- 
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Fig. 2. Characterization of bone marrow suppressor cells. After cuiture 
with either medium or LLC-LN7 supematant, bone marrow cells were 
either unfractionated (Whole) or fractionated into nylon-wool-adherent 
(Adher.) or nonadherent (Non-Adher.) cells. Cell populations were treated 
with control medium, L-Ieucine methyl ester, or complement plus either 
asialoGM1 (AsGM) or Thyl.2 (Thy) antibodies. The remaining cells 
were then washed, irradiated and mixed with 4 gg/ml ConA plus normal 
spleen cells at a spleen: bone marrow ratio of 1:0.25. Values are mean 
radioactivity (cpm) + SD of triplicates 

jected to various treatments to identify the characteristics 
of the suppressor cells. Figure 2 shows the suppressive 
effect of these treated bone marrow cells on normal spleen 
cell blastogenesis. The bone marrow cells that had been 
precultured with LLC-LN7 supernatants were insensitive 
to depletion with complement and either Thyl .2  or 
asialoGM1 antibodies. This excludes the possibility that 
the bone marrow suppressor cells were T lymphocytes or 
NK cells. When the bone marrow cells precultured with 
LLC-LN7 supernatant were fractionated by their adher- 
ence to nylon wool, there was a complete loss of suppres- 
sor activity in the adherent cell fraction and a correspond- 
ing enrichment of suppressor activity in the nonadherent 
cell fraction (P <0.05). Finally, the nylon-wool-nonadher- 
ent bone marrow cells were treated with LeuOMe to deter- 
mine if the suppressor bone marrow cells might be of the 
monocyte lineage. Treatment with LeuOMe ablated the 
suppressive activity of the nonadherent bone marrow cells 
that had been precultured with LLC-LN7 supernatant. 

In-vitro-generated bone marrow suppressor celIs 
facilitate estabIishment of LLC-LN7 tumors 

The possibility was evaluated that the immune-suppressive 
bone marrow cells generated during in vitro culture with 
LLC-LN7 supernatant would facilitate the establishment of 
LLC-LN7 tumors in vivo. Mice were injected with a dose 
of LLC-LN7 tumor cells to yield approximately a 20% 
tumor establishment frequency. The admixture of the 
tumor inoculum with bone marrow cells that had been 
preincubated in LLC-LN7 supernatant resulted in an earli- 
er appearance of palpable tumors than when medium-pre- 
cultured bone marrow cells were mixed with the LLC-LN7 
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Fig. 4. Production of colony-stimulating factor (CSF) activities by 
cloned LLC-LN7 cells. Into each 35-mm dish were seeded 7.5 x 4 femo- 
ral bone marrow cells from normal mice together with medium or LLC- 
LN7 culture supernatants diluted in medium to different concentrations. 
After 6 days, the number of  colonies that grew was enumerated. Values 
are mean colonies/dish _+ SD of triplicates 

inoculum (Fig. 3). In addition, the bone marrow cells pre- 
cultured with LLC-LN7 supernatant increased the tumor 
establishment frequency to 90% as opposed to the 20% 
establishment frequency in mice implanted with LLC-LN7 
cells plus medium-precultured bone marrow cells. 

CSF activities secreted by LLC-LN7 cells 
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Fig. 5. Effects of  anti-GM-CSF and anti-IL-3 antibodies on CSF activi- 
ties in supernatants of  LLC-LN7 cells. Medium or LLC-LN7 super- 
natants were preincubated for 2 h with diluent, or with antibodies to 
GM-CSF and/or to interleukin-3 (IL-3). These samples were then diluted 
to 20% and added into 35-mm dishes with 7.5 x 4 femoral bone marrow 
cells from normal mice. After 6 days, the number of colonies that grew 
was enumerated (CFU assay). Values are mean colonies/dish _+ SD of 
tfiplicates 

the presence of LLC-LN7 supernatants, bone marrow cell 
growth into colonies was supported. As the concentration 
of LLC-LN7 supernatant in the saft agar increased, a great- 
er number of colonies formed. Most of the colonies whose 
growth was supported by the LLC-LN7 supernatants were 
composed of both granulocytes and monocytes (>75%), 
regardless of the concentration of LLC-LN7 supernatant 
used. 

Since the medium conditioned by LLC-LN7 cells 
stimulated growth of mainly granulocytic/monocytic colo- 
nies, the possibility was considered that the CSF activity 
produced by the LLC-LN7 cells was GM-CSF and/or IL-3. 
Therefore, culture supernatants were first preincubated 
with neutralizing anti-GM-CSF antiserum and/or mono- 
clonal anti-IL-3 antibodies, and then used as a CSF source 
in soft-agar colony-forming assays (Fig. 5). Each of the 
antibodies reduced the CSF activity of the LLC-LN7 su- 
pernatant (P <0.01) with the anti-GM-CSF having a great- 
er inhibitory effect than the anti-IL-3 (P <0.02). However, 
the combination of the antibodies did not reduce the CSF 
activity in the LLC-LN7 supematant below the level of 
inhibition by the anti-GM-CSF antibodies alone. This sug- 
gested that the LLC-LN7 cells secreted both GM-CSF and 
IL-3, and that the growth-supporting activity of the GM- 
CSF in the supernatant was augmented by the presence of 
IL-3. 

The same LLC-LN7 supernatants as were used above to 
induce the appearance ofbone marrow immune-suppressor 
cells were tested for their capacity to support growth of 
normal bone marrow cells into colonies in saft agar 
(Fig. 4). In the absence of added LLC-LN7 supernatant, 
bone marrow cells were unable to grow into colonies. In 

Neutralization of suppressor-cell-inducing activity of 
LLC-LN7 cells by antibodies to GM-CSF and IL-3 

Neutralizing antibodies to GM-CSF and to IL-3 were used 
to determine if the inducer of suppressor cells produced by 
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dur ing 3 days  of  culture. The  cul tured bone  mar row cells  were  then 
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LLC-LN7 cells could be GM-CSF and/or IL-3 (Fig. 6). 
Medium conditioned by LLC-LN7 cells and treated only 
with diluent induced normal bone marrow cells to become 
suppressive to normal T cell blastogenesis. This suppres- 
sive activity was apparent at a spleen to bone marrow cell 
ratio of 1 : 0.25 in one seiles of experiments and even as 
low as 1:0.06 in a second seiles of expeilments. In con- 
trast, treatment of LLC-LN7 cell supernatant with either 
anti-GM-CSF or anti-IL-3 significantly (P <0.01) di- 
minished the suppressor-inducing activity. When com- 
bined, the anti-GM-CSF and antML-3 ablated the suppres- 
sor-inducing activity, suggesting that the LLC-LN7 cells 
induced suppressor bone marrow cells by secretion of both 
GM-CSF and IL-3. 

Discussion 

Progressive growth of metastatic LLC variant tumors in 
host mice has previously been shown to stimulate myelo- 
poiesis and to concurrently induce the appearance of im- 
mune-suppressive cells first in the borte marrow and then 
in the spleen [27, 30]. The results of the present study 
suggest that the suppressor-inducing activity secreted by 
metastatic LLC-LN7 variant cells is the combined effect of 
GM-CSF and IL-3. The data that support this conclusion 
include the following: (a) LLC-LN7 supernatants induced 
suppressor cells in a dose-dependent manner, which paral- 
leled the level of growth-supporting activity for granulo- 
cytic/monocytic progenitor cells, (b) both the CSF activity 
and the suppressor-inducing activity produced by LLC- 
LN7 cells could be diminished by antibodies to GM-CSF 
or to IL-3, (c) the combination of anti-GM-CSF and anti- 

IL-3 ablated all suppressor-cell-inducing activity secreted 
by the LLC-LN7 cells. Thus, these results suggest that both 
the myelopoietic stimulation and the appearance of bone- 
man'ow-derived immune-suppressor cells in LLC tumor 
bearers are induced by tumor secretion of GM-CSF and 
IL-3. That GM-CSF and IL-3 produced by the LLC-LN7 
cells can induce bone marrow suppressor cells is supported 
by our prior studies showing that normal bone marrow 
cells could be induced to become immune-suppressive by 
culture with recombinant GM-CSF and recombinant IL-3 
[31]. 

The results of antibody neutralization studies described 
in this report are currently being confirmed by studies to 
demonstrate directly production of GM-CSF and IL-3 by 
the LLC-LN7 cells. However, the suggestion of this report 
that LLC-LN7 tumor cells secrete CSFs is in agreement 
with results of others showing secretion of CSF activities 
by a vailety of tumor types. GM-CSF was previously 
shown to be secreted by melanoma, hepatoma, myeloma 
and mammary tumor cells [7, 20, 24]. CSF-1 was produced 
by human myeloma cells [15] while G-CSF was produced 
by human pancreatic carcinoma cells [5]. Whether tumor 
cells secrete IL-3 has not been as extensively examined. 

In prior studies, we showed that the bone marrow and 
splenic suppressor cells, which appear in LLC-bearing 
mice during periods of myelopoietic stimulation, were dis- 
tinct from T lymphocytes, granulocytes, NK cells or ma- 
ture macrophages, but resembled immature cells of the 
monocyte lineage [27, 30]. The present study evaluated 
some of the characteristics of the LLC-LN7-supernatant- 
induced suppressor cells and found that they also were 
distinct from T lymphocytes, NK cells or mature macro- 
phages. These results suggest that the in-vitro-generated 
bone marrow suppressor cells were similar to the suppres- 
sor cells that appeared in the bone marrow and spleen of 
mice with metastatic LLC tumors. While such myelopoie- 
sis-associated immune-suppressor cells have not been ex- 
tensively studied in tumor models, they have been well 
documented in various non-tumor systems where myelo- 
poiesis is stimulated. For example, myelopoiesis-as- 
sociated immune-suppressor cells have been described in 
newborns, and in animals following treatment with total 
lymphoid irradiation, high-dose cyclophosphamide, 89Sr, 
or linoleic acid [2, 10, 11, 29]. These suppressor cells have 
frequently been characterized as immature null cells lack- 
ing markers typical of mature macrophages or lympho- 
cytes. 

Several studies have evaluated the possibility that the 
CSFs produced by tumor cells could lead to suppression of 
immune competence. For example, murine myeloma, hep- 
atoma and mammary carcinoma cell lines that secreted 
GM-CSF were capable of inducing suppressor spleen cells 
[24]. GM-CSF-containing supernatants of murine mam- 
mary tumor cells induced bone marrow macrophages to 
become immune-suppressive [7]. The results of these 
above studies [7, 24], in which correlations were shown 
between GM-CSF secretion and induction of suppressor 
cells, were extended by our study showing that neutraliza- 
tion of GM-CSF inhibits the suppressor-inducing activity 
secreted by the tumor cells. Thus, out study shows not only 
a correlation between tumor secretion of CSF activity and 
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induct ion of suppressor cells, but  also identifies a suppres- 
sor-inducer to be GM-CSF.  

Few studies have been conducted to evaluate whether 
tumor  cells secrete IL-3 or whether IL-3 can inf luence 
suppressor cell induction.  In a prior study, we showed that 
recombinant  IL-3 induces normal  bone marrow cells to 
become immune-suppress ive  and that this suppressor-in- 
ducing activity is synergistically augmented with recombi-  
nant  GM-CSF.  The present study shows that both the CSF 
and suppressor- inducing activities produced by LLC-LN7 
cells are diminished by neutral izat ion with ant ibody to 
IL-3. These results are novel  as they suggest tumor cell 
secretion of both IL-3 and GM-CSF,  and demonstrate that 
secretion of these CSFs is a mechan i sm by which tumors 
stimulate the growth of myeloid  progenitor  cells and in- 
duce i m m u n e  suppressive bone  marrow cells. 

Tumor- induced  immune-suppressor  cells have long 
been shown to facilitate immune  escape by tumor cells 
[16]. However,  the suppressor cells used in such studies 
have typically been characterized as T lymphocytes.  Our  
study showed that the suppressor bone marrow cells in- 
duced by LLC-LN7 supernatants increased the rate of ap- 
pearance of palpable tumors and the frequency of tumor 
establishment.  Whi le  we have previously shown that re- 
combinant  G M - C S F  and IL-3 induce normal  bone marrow 
cells to become immune-suppress ive  [31], we have not yet 
conducted studies to show that the bone  marrow suppres- 
sor cells that are induced by the recombinant  CSFs can 
facilitate tumor establ ishment  in vivo. However,  on the 
basis of our presently described and prior [27, 30] studies, 
it is reasonable to suggest that LLC-LN7 cell secretion of 
G M - C S F  and IL-3 in vivo stimulates myelopoiesis  and 
induces the appearance of bone-marrow-der ived immune-  
suppressor cells. Bone marrow-der ived suppressor cells 
may, in turn, facilitate the establ ishment  of tumor. Studies 
are currently being conducted to measure product ion of 
G M - C S F  and IL-3 in vivo by progressively growing LLC- 
LN7 tumors. 
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