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Summary

As observed for many types of cancers, heritable variants of ultraviolet light-induced tumors
often grow more aggressively than the parental tumors. The aggressive growth of some variants
is due to the loss of a T cell-recognized tumor-specific antigen; however, other variants retain
such antigens. We have analyzed an antigen retention variant and found that the variant tumor
cells grow at the same rate as the parental tumor cells in vitro, but grew more rapidly than
the parental cells in the T cell-deficient host. The growth of the variant cells was stimulated
in vitro by factors released from tumor-induced leukocytes and by several defined growth factors.
In addition, the variant cancer cells actually attracted more leukocytes in vitro than the parental
cells. Furthermore, elimination of granulocytes in vivo in nude mice by a specific antigranulocyte
antibody inhibited the growth of the variant cancer, indicating that this tumor requires granulocytes

for rapid growth.

he appearance of heritable variants with increased malig-

nant potential is one of the hallmarks of cancer. Such
variants fall into one or more of three broad categories: those
that have acquired resistance to inhibition by host defenses
or chemotherapy, those that more effectively invade or metasta-
size, and those that acquire a faster growth rate. Determining
the mechanisms that account for escape of variants from host
control may help in developing new therapeutic approaches
tailored to interfere with particular mechanisms of tumor
progression.

UV light-induced cancers, when transplanted into normal
syngeneic hosts, are usually rejected after a period of initial
growth (1). Rejection depends on CD8* CTL specific for
unique antigens expressed by the cancer cells (2, 3). Occa-
sionally these “regressor” (RE) tumors give rise to variants
that grow progressively and kill normal hosts. Some “pro-
gressor” (PRO) variants have lost T cell-recognized unique
tumor-speciﬁc antigens. More commonly, however, such an-
tigens are retained (3). We have compared the growth of such
an antigen retention PRO with that of the parental RE in
vitro and in vivo. We found that the parental and the variant
tumors, designated 4102-RE and 4102-PRO, differ
significantly in the rate of growth in mice devoid of func-
tional T cells. We show that 4102-PRO requires host granu-
locytes for rapid growth and that elimination of the host cells
by an antigranulocyte antibody reduces tumor growth.

Materials and Methods

Mice and Tumors. Athymic nu/nu mice (from the National
Cancer Institute, Frederick Cancer Research Facility, Frederick, MD)

were used for all experiments except for those using anti-NK1.1,
where B6CByF1/] mu/nu mice (which express the NK1.1 marker
on NK cells) from The Jackson Laboratory (Bar Harbor, ME) were
used. The 4102 RE tumor was induced by UV light at the LaRabida-
University of Chicago Institute, adapted to culture in MEM and
10% FCS (CMEM), and maintained as described (2, 3). The tumor
is called a regressor because it is rejected by normal euthymic mice
even without prior immunization (2), but the tumor grows regu-
larly in nude mice and kills such mice. Unlike the parental 4102-
RE tumor, the 4102-PRO variant when transplanted into euthymic
syngeneic mice grows progressively to kill. All tumor cell lines were
tested regularly for mycoplasma contamination by staining with
HOECHST 33258 and examination of a fluorescence microscope.

Antibodies. RB6-8C5 (anti-Gr-1) was a gift of Dr. Robert L,
Coffman (DNAX Research Institute, Palo Alto, CA). GK1.5, which
recognizes the CD4 marker on a subset of T cells (4), was used
as an IgG2b isotype control in nude mice, which lack such T cells.
Anti-NK1.1 was a gift of Dr. Paul Leibson (Mayo Clinic, Roch-
ester, MN). The efficiency of the anti-Gr-1 antibody for depleting
neutrophils was determined by examining peripheral blood smears
and smears of peritoneal exudate cells prepared by a cytospin cen-
trifuge (Shandon Inc., Pittsburgh, PA).

Tumor Growth In Vivo. 5 x 10° tumor cells were injected sub-
cutaneously into the flanks of three to four athymic nude mice.
Tumor growth was measured every 3-4 d with a caliper. Size in
cm® was calculated as (abc)/2 where a, b, and ¢ are three or-
thogonal diameters. This formula is derived from the formula for
the volume of an ellipsoid = II abc

6
Recovery of Cells from the Peritoneal Cavity. Peritoneal exudate
cells (PEC) were harvested from nude mice that were either naive
(N-PEC) or that received an i.p. injection 3 d earlier of 2 ml of
aged thioglycolate medium (I-PEC) (Difco Laboratories, Inc.,
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Detroit, MI) or 250 ul containing 5 x 10° cultured tumor cells
(T-PEC). PEC (containing tumor cells or not) were removed after
3 d by injecting 5 ml of sterile PBS witha 5-ml syringe and 20-
gauge needle, massaging the abdomen, and then aspirating the fluid.
The recovered cells were sedimented at 225 ¢ for 5 min, resuspended
in 12 ml CMEM, and put into culture dishes as described below.

Assay for Quantifying Viable Cells. To assess cell growth, 20
¢l of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) solution (5 mg/ml) was added to each culture containing
100 pl of medium (after removal of 100 ul of the original medium)
for 4-6 h, followed by 100 pl of 10% SDS plus 0.01 N HCl. OD
were read on an ELISA reader at 570 nm, subtracting the back-
ground at 650 nm.

Chemoattraction Assay. Medium conditioned for 24 hby 1.5 x
10° tumor cells in 10 ml of CMEM was added to two bottom
wells of modified Boyden chambers (NeuroProbe, Cabin John, MD).
2 x 10° thioglycolate-elicited I-PEC were added to the top cham-
ber in a volume of 200 ul. The I-PEC were suspended in either
fresh CMEM (to test for directional movement) or in the same
tumor cell-conditioned media as in the lower chamber (to distin-
guish from increased random movement). The top chambers with
the I-PEC were separated from the lower chambers containing tumor
cell-conditioned media by a polycarbonate filter with a pore size
of 5 um (Neuro Probe). Chambers were incubated for 90 min.
Unmigrated cells were washed off the tops of filters by aspirating
the 200 gl of medium that contained the I-PEC, wiping the filter
with a Q-tip, adding distilled water with a squirt bottle, and
repeating three times. The filters were stained by dipping them
into a staining solution (Diff-Quick; Baxter, McGaw Park, IL).
Cells that had migrated through the filter pores were counted using
a magnification of 400, and the average of six fields from the dupli-
cate filters + SEM was plotted.

Results

We first compared the growth of the parental 4102-RE
tumor and the 4102-PRO variant in nude mice. Fig. 1 (left)
shows that 4102-RE grows much more slowly during the
first 25 d, though the regressor does continue to grow and
eventually kills nude mice. However, the growth rates in vitro
(Fig. 1, right) were identical in repeated trials, indicating that
the 4102-RE and 4102-PRO interact differently with a host
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Figure 1. Growth of 4102-PRO (@) and 4102-RE (O) in nude mice

(left) and in culture (right). 5 x 106 tumor cells were injected subcutane-
ously into three to four athymic nude mice. 103 tumor cells were cultured
per well (eight replicates) in 96-well flat-bottom plates. Growth was mea-
sured on indicated days in eight replicate cultures by the MTT assay (See
Materials and Methods).

component(s). The growth of PRO but not RE cells was
stimulated in culture by T-PEC from nude mice. The stimu-
lation was most likely due to a soluble factor since similar
effects were observed when T-PEC and tumor cells were sepa-
rated by a filter in transwell plates (Fig. 2, leff). Growth factors
that have been shown to stimulate some malignant cells (5)
were added to tumor cells in vitro. These included TGF-8,
platelet-derived growth factor (PDGF), basic fibroblast growth
factor (bFGF), and epidermal growth factor (EGF). Surpris-
ingly, the PRO variant was stimulated by each of the factors
(Fig. 2, right), while the parental tumor was either inhibited
or slightly stimulated. It is possible that a common regula-
tory mechanism has been mutated in the PRO, leading to
upregulation of the mitogenic response to several growth
factors.

To determine whether stimulatory cells were attracted to
the tumor cells, supernatants of cultured tumor cells were
tested for chemotactic activity. In repeated experiments, con-
ditioned media from 4102-PRO had considerably higher levels
of chemotactic activity for thioglycolate-elicited I-PEC com-
pared with conditioned media from 4102-RE (Fig. 3). This
chemotactic activity was directional, as we could find no evi-
dence of increased random movement (Fig. 3). We also found
that small clusters of 4102-PRO tumor cells, present in the
peritoneal lavage of nude mice 3 d after tumor cell injection,
attracted in vitro large numbers of T-PEC. This gradient of
T-PEC was not found surrounding clusters of 4102-RE tumor
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Figure 2. Stimulation of tumor cells by tumor-induced PEC and defined
growth factors. In the left panel, 2.5 x 105 lavaged T-PEC were added
to the bottom of a transwell plate. 10° tumor cells were plated in the top
of the transwells (on a filter of 0.4-um pore size) and cultured for 4 d
in triplicate. The top wells were then transferred to a new plate for an
MTT assay. Index of stimulation is calculated as the average OD of tumor
cells in the presence of TPEC divided by the average OD of tumor cells
with medium alone. Error bars show SEM for triplicate wells. In the right
panel, exponentially growing cells were incubated for 12 h with 0.5%
FCS. 7 x 10° cells were plated per 96 well in the presence or absence
of growth factors for 30 h. TGF-8; was at 10 ng/ml, PDGF at 100 ng/ml,
bFGF at 25 ng/ml, and EGF at 20 ng/ml. All growth factors were pur-
chased from R&D Systems, Inc. (Minneapolis, MN). Wells were pulsed
with 1 pCi [*H]thymidine; incorporation was measured 12 h later. Each
result is the mean for three replicate wells. Index of stimulation is equal
to the average incorporation in the presence of growth factors/incorpo-
ration in 0.5% FCS alone. Similar results were found in eight repeated
experiments.
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Figure 3. Chemoattraction of inflam-
matory cells by the 4102-PRO. Tumor
cell-conditioned medium (1.5 x 106
cells/10 ml/24 h) was placed in the
bottom of modified Boyden chambers.
2 x 10 PECs were added to the top of
the chambers in either fresh CMEM (to
test for directional movement) or the same
conditioned media as in the bottom
chamber (to control for random move-
ment). Cells that had migrated through
the 5-um pores of the filter into the lower
chamber were counted. (See Materials and
Methods). The average (+ SEM) of six
fields from duplicate Boyden chambers is
shown.
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cells. Experiments are in progress to identify the chemoat-
tractant(s) responsible fo this difference.

If non-T cell inflammatory cells were providing stimula-
tory factors, then removal of such cells might reduce tumor
growth in nude mice. The Gr-1 antigen, defined by the RB6-
8C5 monoclonal antibody, is highly expressed on mature gran-
ulocytes, transiently expressed on cells of the monocyte lin-
eage, and absent from mature monocytes or macrophages
(6-8). Pretreatment of nude mice with the antigranulocyte
antibody (anti-Gr-1) resulted in a 94 + 6% decrease in gran-
ulocytes 2 d after treatment as assessed by differential counts
of peripheral blood smears. The subcutaneous growth of the
PRO variant was significantly decreased by anti-Gr-1 treat-
ment given every 3 d, while the growth of the parental RE
tumor remained virtually unchanged (Fig. 4, left). Treatment
of B6CByF1/J nude mice with anti-NK1.1 every 3 d did not
affect tumor growth (Fig. 4, right), although spleen cells from
these mice had a 94% decrease in NK lytic activity against
YAC cells compared with spleens from nontreated mice.
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Figure 4. Anti-Gr-1 treatment reduces subcutaneous tumor growth of
the 4102-PRO variant. 5 x 10¢ tumor cells were injected subcutaneously
and tumor growth measured as described in Materials and Methods. (Left)
Effect of anti-Gr-1 treatment. Mice were treated intraperitoneally with
200 gl anti-Gr-1 of ascites, every 3 d beginning on the day of sc. tumor
cell challenge. Multiple linear regression was used to relate tumor volumes
to treatment variables. Three experiments were analyzed separately. In each
case, treatment significantly decreased tumor growth (p = 0.005, 0.0012,
and 0.0005, respectively.) (Right) Treatment of B6CByF1/J nude mice with
anti-NK1.1 had no significant effect on tumor growth. Mice were treated
intraperitoneally with 0.2 mg purified NK1.1. For both panels, each line
tepresents the average tumor size for three to four mice per experiment
+ SEM.
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Figure 5. Anti-Gr-1antibody treatment results in reduced outgrowth
of 4102-PRO tumor cells recovered from the peritoneal cavity. 200 ul of
anti-Gr-1 ascites (~0.4 mg IgG) or an isotype control ascites was injected
intraperitoneally into athymic nude mice 2 d before tumor challenge. 0.2
mg NK1.1 was injected into B6CByF1/] nude mice. 5 x 105 tumor cells
were injected intraperitoneally into naive or antibody-treated mice. After
3 d T-PEC were lavaged in 5 ml PBS and resuspended in 12 m] complete
MEM. Recovery of liquid was always greater than 97%. 0.5 ml of cell
suspension was plated per well of a 24-well plate. An MTT assay was done
after 10 to 12 d in culture. Methods were as described in Materials and
Methods. Data are pooled from two to four experiments + SEM.

To measure the effect of anti-Gr-1 treatment on early tumor
cell growth independent of vascularization, 4102-PRO tumor
cells were recovered after growth in the peritoneal cavity for
only 3 d. Fig. 5 shows that the recovery and subsequent out-
growth of 4102-PRO tumor cells from the peritoneal cavi-
ties of mice were significantly decreased when mice were
pretreated with anti-Gr-1. Pretreatment with either an iso-
type control antibody or the anti-NK1.1 antibody had no
effect. We do not know the absolute numbers of tumor cells
recovered from the peritoneal cavities since the cells tend to
form aggregates, which are difficult to break up. Using the
MTT assay allows for reliable quantification of viable tumor
cells whether in clusters or dispersed. The MTT metabolism
by nonmalignant PEC in the cultures must be negligible since
only tumor cells remain viable after the 10 to 12-d culture
period. It was essential to determine whether anti-Gr-1 ac-
tually inhibited granulocyte induction in the peritoneal cavity
after tumor cell challenge. PEC washed out of naive mice
had no detectable neutrophils or eosinophils, 27% lympho-
cytes, 71% macrophages/monocytes, and 2% basophils. 4 h
after injection of tumor cells, ~36% of the PEC were neu-
trophils. However, PEC of tumor-injected mice pretreated
with the anti-GR-1 antibody 2 d earlier had <1% neutro-
phils (little change was detected in the small number of
basophils or eosinophils).

Discussion

Findings in this study strongly suggest that Gr-1* cells
are required for the rapid growth of the 4102-PRO variant
in vivo. However, it is not clear which cell type(s) is directly
responsible for the stimulation. Both granulocytes and mac-
rophages are known to produce growth factors, and both are
present in the peritoneal lavage surrounding PRO tumor cell
clusters. Pretreatment of mice with the granulocyte-specific
anti-Gr-1, and not an isotype control antibody, led to a large
decrease in the number of peritoneal macrophages that could
be induced with thioglycolate (Pekarek, L., unpublished data).
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This is supported by previous work in the mouse or rat
showing that neutrophil depletion leads to an inhibition of
macrophage recruitment (9) or other mononuclear cells in
delayed-type hypersensitivity (10). Therefore, granulocytes may
be stimulatory themselves, or may be involved in the recruit-
ment of other stimulatory cells. Granulocytes have been found
to produce factors that are chemotactic for macrophages (11).
In any event, it appears that the PRO variant attracts host
leukocytes that in turn provide factors to stimulate tumor
growth. We do not know if this type of stimulatory loop
occurs frequently in tumor progression, but we have made
similar findings for a second randomly selected progressive
tumor variant that also retains CTL-recognized antigens (data
not shown), suggesting that this stimulatory loop may not
be rare.

An optimal growth factor environment may play a key role
in tumor progression. Some tumors may provide factors
through an autocrine mechanism, while other tumors may
depend on host factors. It is known that certain tumors
preferentially spread to specific tissues. For example, human
prostatic cancer most often metastasizes to bone, and two
prostatic carcinoma cell lines were stimulated by bone marrow-
conditioned media (12), an effect attributed to transferrin (13).
Similarly, human melanomas may be stimulated by factors
released by normal dermal fibroblasts (14), and certain mu-
rine B cell tumors depend on stimulation by specific CD4+
T cells for growth in vivo (15, 16).

Tumor cells that do not migrate to a more stimulatory
environment may undergo heritable changes that enable them
to attract host cells that provide growth factors. We found
stimulation of the 4102-PRO variant by several growth factors,
including TGF-8, which is growth inhibitory to some tumors,
including the parental 4102-RE, but stimulatory for other
tumor cells (5). TGF-@ is secreted by I-PEC (Pekarek, L.,
unpublished results) and has been shown to be produced by
both monocytes and granulocytes (17-19). We do not know
if the other factors that stimulated 4102-PRO growth in vitro
are secreted by the PEC, although PDGF and bFGF have been
found to be secreted by peritoneal macrophages (20, 21). Gran-

ulocytes can produce platelet-activating factor (PAF) (22, 23),
which stimulates platelets to produce TGF-3 and PDGF (24).
In addition, PDGF has been shown to induce the expression
of MCP-1, a potent monocyte chemoattractant (25-27). Fur-
thermore, 4102-PRO produces latent TGF-83 (28) which, if
activated in vivo by macrophages, could stimulate the growth
of 4102-PRO. Finally, the previously described less-effective
immunological rejection of 4102-PRO tumor cells embedded
in syngeneic stroma (29) may be the result of the local growth-
promoting environment of the stroma. Resolving the local
mechanism involved in paracrine stimulation of tumor growth
will be complicated by the fact that not only multiple cell
types and cytokines but also the extracellular matrix may con-
tribute significantly (for review, see reference 30).

Several previous experiments have suggested that granulo-
cytes can have cytocidal activity in vitro and antitumor ac-
tivity in vivo against murine cancers (7, 31-35) even though
human cancer cells are remarkably resistant to oxidative cy-
tolysis (36). However, the granulocytes studied had been in-
duced by bacteria, chemicals, or recombinant proteins, or by
cytokines released from gene-transfected tumor cells (7, 31-35).
By contrast, naive granulocytes and macrophages may be
tumor stimulatory. This is in agreement with our experi-
ments showing that naive PEC or tumor-induced PEC stimu-
late 4102-PRO and not the 4102-RE tumor cells, while the
same PEC suspension is tumoricidal to both the RE and PRO
tumor cells when first activated by cytokines in vitro (Pekarek,
L., and H. Schreiber, unpublished results). Thus, for con-
trolling certain leukocyte-dependent cancers, the tumor-
infiltrating leukocytes must either be activated to become
tumoricidal, or the naive stimulatory leukocytes must be elim-
inated. In agreement with the latter notion is our recent
finding that anti-Gr-1 treatment alone can lead to complete
tumor rejection in normal mice (rather than the mere growth
inhibition observed here in nude mice). Granulocytes may,
therefore, not be required for an effective T cell response in
this tumor model (Pekarek, L., and H. Schreiber, manuscript
in preparation).

We thank Dr. Donald A. Rowley for his critical suggestions and review of the manuscript. We also thank
Dr. R. Coffman for providing the RB6-8C5 hybridoma cells and Dr. Paul Leibson for his gift of the
NK1.1 antibody. In addition, we thank Karin Schreiber for technical assistance.

This work was supported by a gift of the Passis family and National Institutes of Health grants PO1
CA-19266, R37 CA-22677, RO1 CA-37156, R37 AI-10242, and Cancer Center grant CA-14599 (core

facility).

Address correspondence to Lisa Pekarek, Department of Pathology, The University of Chicago, Chicago,

IL 60637.

Received for publication 12 July 1994 and in revised form 26 September 1994.

References

1. Kripke, M.L. 1974. Antigenicity of murine skin tumors in-
duced by ultraviolet light. J. Natl. Cancer Inst. 53:1333-1336.

2. Ward, P.L., H. Koeppen, T. Hurteau, and H. Schreiber. 1989.
Tumor antigens defined by cloned immunological probes are

438 Inhibition of Tumor Growth by Elimination of Granulocytes



10.

11.

12.

13.

14.

15.

16.

highly polymorphic and are not detected on autologous normal
cells. J. Exp. Med. 170:217-232,

. Ward, P.L., HK. Koeppen, T. Hurteau, D.A. Rowley, and

H. Schreiber. 1990. Murine histocompatibility complex class
I and unique antigen expression by murine tumors that es-
caped from CD8* T-cell dependent surveillance. Cancer Res.
50:3851-3858.

. Dialynas, D.P., D.B. Wilde, P. Marrack, A. Pierres, K.A. Wall,

W. Havran, G. Otten, M.R. Loken, M. Pierres, and J. Kap-
pler. 1983. Characterization of the murine antigenic deter-
minant, designated L3T4a, recognized by a monoclonal anti-
body GK1.5: expression of L3T4a by functional T cell clones
appears to correlate primarily with class I MHC antigen-reac-
tivity. Immunol. Rev. 74:29-56.

. Schwarz, L.C., M.C. Gingras, G. Goldberg, A.H. Greenberg,

and J.A. Wright. 1988. Loss of growth factor dependence and
conversion of transforming growth factor-beta 1 inhibition to
stimulation in metastatic H-ras—transformed murine fibroblasts.
Cancer Res. 48:6999-7003.

. Hestdal, K., EW. Ruscetti, J.N. IThle, S.E. Jacobsen, C.M.

Dubois, W.C. Kopp, D.L. Longo, and J.R. Keller. 1991. Char-
acterization and regulation of RB6-8C5 antigen expression on
murine bone marrow cells. J. Immunol. 147:22-28.

. Tepper, R.I., R.L. Coffman, and P. Leder. 1992. An eosinophil-

dependent mechanism for the antitumor effect of interleukin-
4. Science (Wash. DC). 257:548-551.

. Lewinsohn, D.M., R.F. Bargatze, and E.C. Butcher. 1987.

Leukocyte-endothelial cell recognition: evidence of a common
molecular mechanism shared by neutrophils, lymphocytes, and
other leukocytes. J. Immunol. 138:4313-4321.

. Conlan, JW., and R.J. North. 1994. Neutrophils are essential

for early anti-Listeria defense in the liver, but not in the spleen
or peritoneal cavity, as revealed by a granulocyte-depleting
monoclonal antibody. J. Exp. Med. 179:259-268.

Kudo, C., T. Yamashita, M. Terashita, and F. Sendo. 1993.
Modulation of in vivo immune response by-selective depletion
of neutrophils using a monoclonal antibody RP-3. II. Inhibi-
tion by RP-3 treatment of mononuclear leukocyte recruitment
in delayed-type hypersensitivity to sheep red blood cells in rats.
J. Immunol. 150:3739-3746.

Pereira, H.A., W.M. Shafer, J. Pohl, L.E. Martin, and J.K.
Spitznagel. 1990. CAP37, 2 human neutrophil-derived chemo-
tatic factor with monocyte specific activity. J. Clin. Invest.
85:1468-1476.

Chackal-Roy, M., C. Niemeyer, M. Moore, and B.R. Zetter.
1989. Stimulation of human prostatic carcinoma cell growth
by factors present in human bone marrow. J. Clin. Invest.
84:43-50.

Rossi, M.C., and B.R. Zetter. 1992. Selective stimulation of
prostatic carcinoma cell proliferation by transferrin. Proc. Natl.
Acad. Sci. USA. 89:6197-6201.

Cornil, L., D. Theodorescu, S. Man, M. Heryln, J. Jambrosic,
and R.S. Kerbel. 1991. Fibroblast cell interactions with human
melanoma cells affect tumor cell growth as a function of tumor
progression. Proc. Natl. Acad. Sci. USA. 88:6028-6032.
Lasky, J.L., N.M. Ponzio, and G.J. Thorbecke. 1988. Charac-
terization of growth factor requirements of SJL lymphomas.
I. Development of a B cell growth factor-dependent in vitro
cell line, cRCS-X. J. Immunol. 140:679-687.

Tsiagbe, VK., T. Yoshimoto, J. Asakawa, SY. Cho, D. Meruelo,
and G.J. Thorbecke. 1993. Linkage of superantigen-like stim-
ulation of syngeneic T cells in a mouse model of follicular center
B cell lymphoma to transcription of endogenous mammary

439 Pekarek et al.

17.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

tumor virus. EMBO (Eur. Mol. Biol. Organ.) J. 12:2313-2320.
Assoian, R.K., BE. Fleurdelys, H.C. Stevens, P.J. Miller, D.X.
Madtes, EW. Raines, R. Ross, and M.B. Sporn. 1987. Ex-
pression and secretion of type beta transforming growth factor
by activated human macrophages. Proc. Natl. Acad. Sci. USA.
84:6020-6024.

Wahl, S.M., N. McCartney-Francis, J.B. Allen, E.B. Dough-
erty, and S.F. Dougherty. 1990. Macrophage production of
TGF-B and regulation by TGF-8. Growth Factors. 4:27-35.
Grotendorst, G.R., G. Smale, and D. Pencev. 1989. Produc-
tion of transforming growth factor beta by human peripheral
bloed monocytes and neutrophils. J. Cell. Physiol. 140:396-402.
Shimokado, K., EW. Raines, D.K. Madtes, T.B. Barrett, E.P.
Benditt, and R. Ross. 1985. A significant part of macrophage-
derived growth factor consists of at least two forms of PDGF.
Cell. 43:277-286.

Baird, A., P. Mormede, and P. Bohlen. 1985. Immunoreactive
fibroblast growth factor in cells of peritoneal exudate suggests
its identity with macrophage-derived growth factor. Biochem.
Biophys. Res. Commun. 126:358-364.

Lloyd, A.R., and J.J. Oppenheim. 1992. Poly’s lament: the
neglected role of the polymorphonuclear neutrophil in the
afferent limb of the immune response. Immunol. Today. 13:
169-172.

Sisson, J.H., S.M. Prescott, T.M. McIntyre, and G.A. Zim-
merman. 1987. Production of platelet-activating factor by
stimulated human polymorphonuclear leukocytes. Correlation
of synthesis with release, functional events, and leukotriene
B4 metabolism. J. Immunol. 138:3918-3926.

Miyazono, K., and F. Takaku. 1989. Platelet-derived growth
factors. Blood Rev. 3:269-276.

Yoshimura, T., and E.J. Leonard. 1990. Secretion by human
fibroblasts of monocyte chemoattractant protein-1, the product
of gene JE. J. Immunol, 144:2377-2383.

Rollins, B.J., E.D. Morrison, and C.D. Stiles. 1988. Cloning
and expression of JE, a gene inducible by platelet-derived growth
factor and whose product has cytokine-like properties. Proc.
Natl. Acad. Sci. USA. 85:3738-3742.

Cochran, B.H., A.C. Rettel, and C.D. Stiles. 1983. Molecular
cloning of gene sequences regulated by platelet-derived growth
factor. Cell. 33:939-947.

Pekarek, L.A., R.R. Weichselbaum, M.A. Beckett, J. Nachman,
and H. Schreiber. 1993. Footprinting of individual tumors and
their variants by constitutive cytokine expression patterns.
Cancer Res. 53:1978-1981.

Singh, S., S.R. Ross, M. Acena, D.A. Rowley, and H. Schreiber.
1992. Stroma is critical for preventing or permitting immuno-
logical destruction of antigenic cancer cells. J. Exp. Med. 175:
139-146.

Nathan, C., and M. Sporn. 1991. Cytokines in context. J. Cell
Biol. 113:981-986.

Colombo, M.P., G. Ferrari, A. Stoppacciaro, M. Parenza, M.
Rodolfo, F. Maviliio, and G. Parmiani. 1991. Granulocyte
colony-stimulating factor gene transfer suppresses tumorige-
nicity of a murine adenocarcinoma in vivo. J. Exp. Med. 173
889-897.

Colombo, M.P,, L. Lombardi, A. Stoppacciaro, C. Melani, M.
Parenza, B. Bottazzi, and G. Parmiani. 1992. Granulocyte
colony-stimulating factor (G-CSF) gene transduction in murine
adenocarcinoma drives neutrophil-mediated tumor inhibition
in vivo. Neutrophils discriminate between G-CSF producing
and G-CSF-nonproducing tumor cells. J. Immunol. 149:113-119.
Tepper, R.I., PK. Pattengale, and P. Leder. 1989. Murine

Brief Definitive Report



34.

interleukin-4 displays potent anti-tumor activity in vivo. Cell.
57:503-512.

Dranoff, G., E. Jaffee, A. Lazenby, P. Golumbek, H. Levitsky,
K. Brose, V. Jackson, H. Hamada, D. Pardoll, and R.C. Mul-
ligan. 1993. Vaccination with irradiated tumor cells engineered
to secrete murine granulocyte-macrophage colony-stimulating
factor stimulates potent, specific and long-lasting anti-tumor
immunity. Proc. Natl. Acad. Sci. USA. 90:3539-3543.

440

35.

36.

Colombo, M.P., A. Modesti, G. Parmiani, and G. Forni. 1992.
Local cytokine availability elicits tumor rejection and systemic
immunity through granulocyte-T-lymphocyte cross-talk. Cancer
Res. 52:4853-4857.

O’Donnell-Tormey, J., C.J. DeBoer, and C.F. Nathan. 1985.
Resistance of human tumor cells in vitro to oxidative cytol-
ysis. J. Clin. Invest. 76:80-86.

Inhibition of Tumor Growth by Elimination of Granulocytes



