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Abstract

Many nonhematologic tumors produce growth factors that
may influence cellular proliferation either by autocrine or by
paracrine mechanisms. In the current study, human tumor cell
lines were investigated for the constitutive production of mac-
rophage colony-stimulating factor (M-CSF). Culture superna-
tants obtained from cell lines were analyzed using a radioim-
munoassay and a radioreceptor assay specific for M-CSF.
Among the various cell types analyzed, all the ovarian cell lines
and a majority of the breast cancer cell lines secreted signifi-
cant amount of an M-CSF-like factor. Treatment of mouse
bone marrow cultures with culture supernatants from ovarian
cancer cells stimulated the production of macrophage colonies.
Analysis of total cellular RNAobtained from the ovarian cell
lines by Northern blot showed multiple sizes of M-CSF tran-
scripts with an abundance of a 4.2-kb message. The relative
amount of M-CSF transcripts correlated with the level of im-
munoreactive material seen in the culture supernatants.

Introduction

Significant progress has been made recently in identifying var-
ious internal and external signals that affect the growth of
tumor cells. Production of growth factors by some tumors
suggest that autocrine or paracrine mechanisms might regulate
the tumor growth. In several tumor systems, the cellular ho-
mologues of retroviral oncogenes are activated that encode for
either growth factors (e.g., B-chain of platelet derived growth
factor, coded by the proto-oncogene, c-sis; 1, 2) or growth
factor receptors (c-fms, c-erb-B-2; 3-5). The induction or
over-expression of growth factor related genes in cancer cells
may be caused by translocation, gene rearrangement, or tran-
sactivation (6-10). These changes could in turn affect the ho-
meostasis of cellular proliferation.

Ovarian carcinoma is responsible for more deaths annually
than any other gynecological neoplasm. Frequently, the
growth of ovarian tumors is associated with increased infiltra-
tion of T cells and macrophages. The increased number of
macrophages seen at the tumor site in many cases is not due to
secondary infection. Further, animals bearing tumor trans-
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plants have elevated numbers of granulocytes and monocytes
in peripheral blood (11, 12). Similarly, elevated granulocyte
counts are frequently observed in patients with tumors (13,
14). Polypeptide growth factors produced by tumor cells might
contribute to the increased granulopoiesis. In fact, colony
stimulating factors can be isolated from tumor extracts (15,
16). Activation of inflammatory cells may inhibit tumor
growth, but macrophages or their products might also stimu-
late the tumor cell growth. The growth of primary ovarian
tumor cells and established cell lines in vitro are greatly in-
fluenced by the addition of macrophage-conditioned medium.
The presence of phagocytic and adherent cells increased the
ability of human tumor cells to form colonies in semisolid
medium (17). Conversely, the depletion of macrophages from
ovarian carcinoma effusions has lead to decreased cloning ef-
ficiency (17). The increase in clonogenic growth of tumor cells
is not dependent on the source of macrophages since even
xenogenic peritoneal macrophages were able to improve the
cloning efficiency of primary ovarian tumor cells in cul-
ture (18).

In a recent report, Mills et al. (19), have identified putative
growth factors with mitogenic properties in the ascites fluid
obtained from ovarian cancer patients. Effusions from other
type of tumors did not stimulate ovarian cancer cells. In the
present study, experiments were carried out to identify the
production of a colony stimulating growth factor involved in
the interaction between ovarian tumor cells and macrophages.

Methods

Cell lines. Human tumor cell lines belonging to four different groups
were maintained in tissue culture.

Leukemia cells. T lymphoblastic cell lines (HSB-2, CEM,
MOLT-4), Burkitt's lymphoma cells (Raji, Ramos, and ConcF) and
myelogenous leukemia cells (KG-1 and KGla) were obtained from
American Tissue Culture Collection, Rockville, MD(ATCC). KG-l
and KG-la cells were grown in IMDMcontaining 20% fetal bovine
serum (FBS; Hazelton, Lenexa, KS), 2 mML-glutamine, 100 IU/ml
penicillin, and 50 pg/ml streptomycin. Other cells were cultured in
RPMI 1640 medium supplemented with 15% FBS and antibiotics.
HL-60, a human promyelocytic leukemia cell line, was grown in RPMI
1640 medium containing 20%FBS. In addition, a murine myeloblastic
leukemia cell line, M- I (ATCC) was also used in this study.

Breast cancer cell lines. SK-BR-3 (20), CAMA-1 (21), BT-483 (22),
and MCF7 (23) were obtained from Cetus Corp. (Emeryville, CA).
BT-20 breast cancer cell line was obtained from Dr. Arthur Bogden
(24). Cells were grown in RPMI 1640 medium (SK-BR-3, BT-483, and
BT-20) with 10-15% FBS, 2 mML-glutamine and antibiotics. CAMAl
and MCF7cells were cultured in Dulbecco's modified minimal essen-
tial medium containing 15% and 6% FBS, respectively. In addition,
porcine insulin (Sigma Chemical Co., St. Louis, MO) was added to
BT-20 and MCF7cultures.

Ovarian carcinoma cell lines. Six ovarian cancer cells were used in
this study; OVCAR-3, OVCA-420, OVCA-429, OVCA-432,
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OVCA-433, and DOV-13. OVCAR-3cells were obtained from ATCC;
OVCA-420, OVCA-429, OVCA-432, and OVCA-433 were established
from ascites obtained from ovarian carcinoma patients in collabora-
tion with Dr. Herbert Lazarus (25). DOV-13 was derived in our labora-
tory (unpublished work). All ovarian cells were cultured in DMEM
containing 10% FBS, 2 mML-glutamine and antibiotics. In addition, 1
mMsodium pyruvate and 1% nonessential amino acid mixture were
added. Routinely, the cells were subcultured once a week.

Human bladder carcinoma cell lines. Transitional cell carcinoma
cell lines (5637, RT-4) were obtained from ATCCand maintained in
RPMI 1640 medium containing 10% FBS, 2 mML-glutamine, and
antibiotics.

Other cell line. A normal human foreskin fibroblast cell line, Huff,
was obtained from Dr. Kay Singer (Duke University Medical Center)
and cultured in DMEMcontaining 10% FCS, 2 mML-glutamine and
antibiotics.

The culture supernatants were passed through a 0.45-jim filter and
concentrated (30- to 50-fold) by ultrafiltration (Amicon Corp.,
Danvers, MA) using YM- I0 filter disks and analyzed for the presence
of macrophage colony-stimulating factors (M-CSF).'

Radioiodination of human recombinant M-CSF. Highly purified
human recombinant M-CSF was provided by Genetics Institute,
Cambridge, MA. The growth factor was labeled with Na'251 using
iodogen (Pierce Chemicals, Rockford, IL). lodogen was dissolved in
chloroform and 10 jg of the reagent was added to borosilicate tubes ( 12
X 75 mm) and evaporated to dryness under nitrogen. 50 jil of phos-
phate buffer, 0.5 M, pH 7.4 was added to iodogen-coated tube. M-CSF,
10 jg was taken in a volume of 10 jl. lodination was carried out by the
addition of Na'251 (0.25 mCi; Amersham Corp., Arlington Heights, IL)
and incubated on ice for 30 min.The labeled protein was separated
from free iodine by gel filtration on a PD-10 (Pharmacia Fine Chemi-
cals, Piscataway, NJ) column. The specific activity of the radioiodin-
ated M-CSF ranged from 17.2 to 46.0 ,uCi/,ug protein in six different
experiments.

Determination of human M-CSF by radioimmunoassay. Poly-
clonal antiserum against human recombinant M-CSFwas generated in
rabbits by hyperimmunization. The antiserum used in this study was
highly specific and did not crossreact with other growth factors/lym-
phokines like recombinant GM-CSF, recombinant IL-2 and gamma
interferon (data not included). The competitive inhibition assay con-
sisted of 50 jil of appropriately diluted antiserum (1:30,000), 50 Jil of
labeled M-CSF (- 10,000 cpm) and 50 jl of culture supernatants or
standard recombinant M-CSF. The tubes were incubated at 4°C for 18
h to attain equilibrium. Antibody bound radiolabeled M-CSF was
differentially precipitated from free label by 15.0% polyethyleneglycol
(PEG 6000) prepared in PBS, pH 7.4. To facilitate quantitative recov-
ery, 100 jl of 1:10 diluted normal rabbit serum was added to each tube
as a carrier. After an additional period of incubation for 4 h in cold, the
tubes were centrifuged for 30 min at 2,000 rpm in a refrigerated cen-
trifuge (4°C). The radioactivity associated with the pellet was deter-
mined in an Auto-Gamma counter 5780 (Packard Instrument Co.,
Inc., Downers Grove, IL). The data was analyzed by Logit transfor-
mation and the amount of M-CSFpresent in culture supernatant was
estimated from the dose-response curve obtained with standard recom-
binant M-CSF.

Radioreceptor assay. Mouse myeloid leukemia cells Ml, express
low but significant amount of receptors for M-CSF (26). Ml cells (2
X 106) in a volume of 100 ,Il were incubated with radioiodinated
M-CSF (- 25 pM) in the presence or absence of competing reagents
(50 jil). The total volume of the reaction mixture was 200 il. After
incubation at 4°C overnight, the cells were washed with saline and
harvested using a cell harvester (Skatron Inc., Sterling, VA). Under
these conditions, 2.0% of the total radioactivity was specifically
bound to the cells. To reduce nonspecific binding of radioiodinated

1. Abbreviations used in this paper: CFU-M, macrophage colony-
forming unit; M-CSF, human macrophage colony-stimulating factor.

M-CSF, 96-well plates and filter papers used for harvesting were pre-
treated with PBScontaining 3.0% BSA for 1 h at room temperature.

Bone marrow culture. 8-wk-old female Balb/c mice were killed and
the femurs were removed under aseptic conditions. Marrow was
flushed through the cut ends by injecting tissue culture medium using a
27 G needle. Single cell suspension was prepared by repeated aspira-
tion.

One million nucleated cells were resuspended in 0.3% agarose pre-
pared in IMDMcontaining 30%FCSand 5%lymphocyte-conditioned
medium. The latter was obtained by culturing human peripheral blood
lymphocytes with 5 jug/ml of phytohemagglutinin for 96 h. The condi-
tioned medium was passed through a 0.2-jm filter and stored at
-70'C. The test culture supernatants (obtained from ovarian cancer
cell lines, BT-20, a breast cancer cell line, and Ml cells) were included
in the 0.3% agarose medium before the addition of bone marrow cells.
As a positive control, bone marrow cells were treated with known
amount of recombinant M-CSF. The cell suspension in 0.3% agarose
was layered over 0.6% agarose in 35-mm petri dishes with grids. Bone
marrow cultures were incubated for I wk before scoring the number of
macrophage colony forming units (CFU-M) under an inverted phase-
contrast microscope. The colonies were identified by nonspecific es-
terase staining according to the method of Kubota et al. (27).

Extraction of RNAand Northern blot analysis. Total cellular RNA
was isolated by the guanidine isothiocyanate method (28) from the
indicated tumor cell lines and from HL-60 cells cultured for 48 h with
32 nM phorbol myristate acetate (29). Denatured RNA(20 Ag) was
fractionated in 1.2% agarose gels containing 7% formaldehyde and
transferred to nitrocellulose filters by capillary action in l Ox SSC(l X
SSC = 0.15 Msodium chloride, 0.0 15 Msodium citrate; 30). Before
transfer, the gels were soaked for 5 min in a dilute solution of acridine
orange (Sigma Chemical Co.) and washed with distilled water. This
method facilitates the localization of ribosomal RNAsby quenching
under ultraviolet light and also help in the visualization after transfer.
The intensity of ribosomal RNAbands were comparable in each lane
indicating uniform transfer efficiency. The filters were baked under
vacuum at 850C and prehybridized overnight at 420C in a buffer
containing 50% formamide, l X Denhardt's solution, 5X SSC, 50 mM
sodium phosphate (pH 6.5), 0.5% SDS, and 0.15 mg/ml of denatured
salmon sperm DNA. An oligonucleotide corresponding to bases
344-391 of a published M-CSFcDNAsequence (31) was synthesized
on an Applied Biosystem DNAsynthesizer, gel-purified and labeled
with [32P]dATP (3,000 Ci/mM; New England Nuclear, Boston, MA)
using terminal deoxynucleotidyl transferase to a specific activity
greater than 6 X 107 cpm/pM. The labeled probe was added to fresh
buffer (1 X 106 cpm/ml) and hybridization was carried out at 42°C for
24 h. Filters were then washed for 1 h with four changes of I X SSC
containing 0.1% SDSat 55°C, dried and exposed to x-ray film (Kodak
X-Omat AR) at -700C with a single intensifying screen. RNAstan-
dards (RNA ladder; Bethesda Research Laboratories, Gaithersburg,
MD) were run in parallel and visualized by autoradiography after
hybridization with nick-translated lambda DNA. Nick-translation was
carried out according to manufacturer's (BRL) specifications.

Results

Production of M-CSFby human tumor cell lines. Culture su-
pernatants collected from the four groups of cell lines were
analyzed for the presence of M-CSF using a radioimmunoas-
say. None of the T-lymphoblastic leukemia cells and Burkitt's
lymphoma cells produced any detectable M-CSF. The myeloid
leukemia cells, KG- 1 and KG-la were positive, but produced
only a small amount of the growth factor. Interestingly, the
synthesis of M-CSFwas prevalent among the epithelial tumor
cell lines. In the present study, two types of epithelial cancer
cell lines were investigated. All six ovarian carcinoma cell lines
secreted significant amounts of M-CSF into the culture me-
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Table I. Quantitation of M-CSF in the Culture Supernatants
of Tumor Cell Lines

Cell type Name M-CSF

pM

T-lymphoblastic leukemia HSB-2 *ND (2)
CEM ND(2)
MOLT-4 ND(2)

Burkitt's lymphoma Raji ND(2)
Ramos ND(2)
ConcF ND(2)

Myeloid leukemia KG-I 1.8 (3)
KG-la 1.7 (3)

Ovarian carcinoma OVCA-420 7.6 (3)
OVCA-429 6.3 (2)
OVCA-432 5.2 (2)
DOV-13 5.2 (2)
OVCA-433 2.8 (2)
OVCAR-3 0.7 (3)

Bladder cancer 5637 ND(2)
RT-4 ND(2)

Breast cancer CAMA-1 5.3 (3)
BT-483 1.8 (3)
SK-BR-3 1.6 (3)
BT-20 ND(2)
MCF7 ND(2)

Fibroblast Huff 8.8 (2)
Mouse myeloblast Ml ND(2)

* M-CSFwas determined in a specific radioimmunoassay system.
NDrepresents values below the detection limit of the assay system
(< 0.5 pM). Culture supernatants from adherent cells (ovarian,
breast, bladder carcinoma cells, and fibroblast) were collected at con-
fluency (day 7). Media from lymphoid cell lines were collected on
day 4 after subculture. Values in parentheses indicate the number of
independent experiments.

Table I. Relative Amounts of M-CSFProduced by Ovarian
Cancer Cells Over a Period of 48 Hours

Cell line *M-CSF

pM

OVCA-420 0.29
OVCA-432 0.31
OVCA-433 0.11
OVCAR-3 0.04

1 million ovarian carcinoma cells were cultured for 48 h and the cul-
ture supernatants were analyzed for M-CSFby radioimmunoassay.
Each value is a mean of duplicate cultures.
* Values represent the production of M-CSFby 5 X 104 cells/ml
(seeding density) over a period of 48 h.

The culture supernatants from ovarian cancer cells were
further analyzed in a radioreceptor assay using a murine my-
eloid cell line, Ml (Fig. 1). In this assay system, the competi-
tive inhibition is linear between 5 and 200 ng/ml when plotted
after logit transformation. Inclusion of culture media from
ovarian cancer cells inhibited competetively the binding of
radioiodinated M-CSF to Ml cells. The profile of inhibition
was similar to the results obtained in RIA. Culture superna-
tants having higher level of immunoreactive M-CSFlike mate-
rial also showed higher level of inhibition in the radioreceptor
assay.

Effect of tumor cell culture supernatants on bone marrow
cells. To assess the functional activity of M-CSF like factors
secreted by the human tumor cell lines in vitro, bone marrow
cultures were used. Data in Table III show the number of
macrophage colonies (CFU-M) produced in the presence of
ovarian cell culture supernatants. The control untreated bone
marrow cultures showed an average of 1.5 CFU-M colonies
per 1 million nucleated cells. Addition of human recombinant
M-CSF induced a dose-dependent increase in the number of

dium. There were, however, variations in the amounts of
growth factor produced. OVCAR-3 cells secreted small
amounts of M-CSF, whereas OVCA-420, OVCA-432,
OVCA-429 and DOV-13 cell lines showed a higher concentra-
tion of M-CSFin the culture supernatants (Table I). The other
ovarian cancer cell line, OVCA-433, showed an intermediate
level of M-CSF.

Amongthe breast cancer cell lines, CAMA-1 secreted high
levels of the growth factor, while SK-BR-3 and BT-483 cells
produced significant, but lower amounts of M-CSFin the me-
dium. BT-20 and MCF7cultures were negative for the produc-
tion of M-CSF. The two bladder carcinoma cell lines tested did
not secrete any significant amount of M-CSF. A human fibro-
blast cell line, Huff, produced the highest level of colony stim-
ulating factor.

To determine the relative amount of growth factor pro-
duced by the ovarian cells, 106 cells were grown for 48 h in
culture, the culture supernatant was collected and analyzed for
the presence of M-CSF. The data in Table II show the quanti-
tative differences in the production of M-CSFby ovarian cells.
As in the case of confluent cultures, OVCA-432 and
OVCA-420 cells produced higher levels of M-CSF, while
OVCA-433 cells showed a lower amounts of M-CSF.

* 0..Q

,o
0

=

c~m S

Q_

Control M I
M-CSF / ml

2ng lOng 20ng IOOng OVCA- OVCA- CAMA- BT-
432 433 1 483

Figure 1. Inhibition of radioiodinated M-CSFbinding to MI cells in
the presence of culture supernatants. Mouse myeloblast, MI cells
(106) were incubated with radioiodinated M-CSF in the presence or
absence of culture supernatants obtained from tumor cell lines. A
known amount of recombinant M-CSFwas added to another set of
wells and incubated in parallel at 4°C overnight. The culture super-
natants were concentrated to either 30-fold (Ml, CMAM-I, BT-483)
or 50-fold (OVCA-432, OVCA-433) by ultrafiltration before analysis.
Normal tissue culture media concentrated to similar extent were
used as control.
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Table III. Effect of Culture Supernatants on Mouse Bone
Marrow Cells

Cell line *CFU-M/ 106 bone marrow cells

Control 2, 1 (1.5)
M-CSF, 2.5 ng/ml 21, 26 (23.5)
M-CSF, 10.0 ng/ml 77, 79 (78)
OVCA-432 224, 248 (236)
OVCA-420 432, 416 (424)
BT-20 2, 2 (2)
Ml 1, I (1)

* Colonies containing more than 30 cells were counted. Values in pa-
rentheses indicate the mean of duplicate cultures. The culture super-
natants from the ovarian tumor cell lines OVCA-432 and
OVCA-420 contained 3.8 and 6.5 ng/ml of M-CSF as determined by
radioimmunoassay.

CFU-M colonies. Inclusion of OVCA-420 and OVCA-432
culture supernatants dramatically increased the number of
macrophage colonies, indicating thereby that the ovarian
cancer cells produce functionally active M-CSF molecules.
The pronounced effect of the OVCA-432 and 420 superna-
tants on macrophage colony formation well above that ex-
pected based on the level of M-CSFcould indicate the produc-
tion of other factors also from these cells. In contrast, addition
of culture supernatants from Ml cells and BT-20 cells, which
are negative for the production of M-CSF, did not induce the
growth of macrophage colonies.

Analysis ofM-CSF mRNAin ovarian tumor cells. To con-
firm the production of M-CSF by ovarian tumor cell lines,
total cellular RNAwas analyzed for the presence of M-CSF
transcripts by Northern blot. HL-60 cells stimulated with
phorbol myristate acetate (PMA) served as a positive control.
The Northern blot analysis revealed significant amounts of
M-CSFmessage in cellular RNAisolated from the ovarian cell
lines (Fig. 2). Two of the cell lines analyzed (OVCA-420 and
OVCA-429) showed higher levels of M-CSF message, while

1 2 3 4 5 6

Kb

9.5 -

7 5 - ..

4 4 -

_.

1 4 - <:
1*4

7 Figure 2. Northern blot
analysis of total RNA
from ovarian cancer
cells. Total cellular
RNAisolated from
OVCA-429 (lane 2),
Ml (lane 3), OVCAR-3
(lane 4), OVCA-433
(lane 5), OVCA-420
(lane 6) and HL-60
(lane 7) was analyzed
for the presence of
M-CSF related tran-
scripts. Numbers repre-
sent the size (in kb) of
RNAstandards run in
parallel (lane 1). All the

samples and the RNAstandards were run together in the same gel
and transferred to nitrocellulose. After hybridization, the lane con-

taining RNAladder was cut and hybridized separately with nick
translated labmda DNA. The remaining portion of the membrane
was hybridized with labeled M-CSFprobe. Lanes 2-7 represent data
from the same blot/autoradiogram.

RNA isolated from OVCA-433 cells had relatively lower
amounts of transcripts. Both Ovcar-3 and M1 cells had no
detectable M-CSF message under the conditions described.
The level of M-CSF transcripts correlated well with the
amount of growth factor secreted by these cell lines as mea-
sured by the radioimmunoassay. All the positive cell lines
contained a major transcript of 4.2 kb and smaller transcripts
of 3.4, 2.9, and 1.9 kb.

Discussion

Tumor cells produce various endocrine or growth factors that
appear to be unrelated to the tissue of origin of the tumor.
Some of these factors stimulate the cells from which they are
derived (autocrine; 32-35) while others influence distinct pop-
ulation of cells (paracrine; 13-16). Previous work on the
growth of ovarian cancer cells in vitro has indicated a positive
interaction between macrophages and tumor cells. Under-
standing the mechanisms of interrelationship between mono-
cytes and tumor cells could be important in developing thera-
peutic strategies.

In the present study, investigations were carried out to de-
termine whether human tumor cell lines produce M-CSF.
Among the various cell lines checked, the production of an
M-CSF-like factor was prevalent in epithelial tumors and not
with lymphoid malignancies. Most of the leukemia cell lines
were negative with the exception of KG-1 and KG-la cells
(acute myelogenous leukemia cells; AML) which secreted low
level of M-CSF activity into the culture medium. This obser-
vation is consistent with a recent report showing the expres-
sion of M-CSF in fresh human AMLcells (36). Almost all the
ovarian carcinoma cells secreted significant amounts of
M-CSFactivity. Four lines of evidence support the conclusion
that the M-CSF activity is comparable to the authentic
M-CSF: (a) The growth factor was immunologically related to
recombinant M-CSF, (b) it competed with radioiodinated re-
combinant M-CSF for binding to a murine myeloid leukemia
cell line, (c) mouse bone marrow cultures were dramatically
stimulated by the culture supernatants from ovarian cancer
cells resulting in the production of macrophage colonies, and
(d) Northern blot analysis of total cellular RNAshowed the
expected pattern of multiple transcripts for M-CSF.

Three of the ovarian cancer cell lines secreted relatively
higher levels of M-CSF. Changes in transcription of the
M-CSF gene may be responsible for the higher production in
these cell lines. This notion is supported by Northern blot
analysis, which demonstrated the presence of M-CSF tran-
scripts in greater abundance in those cells secreting higher
levels of the growth factor into the medium. This could have
resulted from gene amplification, by changes in the promoter/
enhancer elements associated with the gene or by increased
levels or activity of transactivating factors.

Northern blot analysis showed four different RNAspecies
of varying length, with a major form of 4.2 kb. All the different
forms of the transcripts were also present in HL-60 cells stimu-
lated with PMA. Various sizes of M-CSF transcripts have also
been observed in a human pancreatic carcinoma cell line, MIA
Paca-2 (31) and other cell lines of human and mouse origin
(37, 38). Differential splicing is suggested to be responsible for
the production of multiple transcripts. In fact, Ladner et al.
(39) have recently identified additional splice acceptor site in
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exon 6 from cDNA sequence analyses. The implications of
multiple transcripts are not known. It is interesting to note that
ovarian carcinoma cells are constitutively expressing multiple
forms of M-CSF transcripts. Uninduced MIA Paca-2 cells, for
example, contained only the higher molecular weight M-CSF
mRNA(31) and did not produce any detectable amount of
M-CSF. Only upon induction with PMA, smaller transcripts
appeared with the concomitant synthesis of the growth factor.
Studies in mice (40) indicate cell-type specific preferential ex-
pression of the different forms of M-CSF message. Mouse fi-
broblasts predominantly (95%) expressed 4.6 kb transcript,
while the uterus of pregnant mice showed a major species of
2.3 kb. In the present study, a normal human foreskin fibro-
blast cell line (Huff), produced the highest amount of M-CSF
among the different cell lines tested. It would be interesting to
investigate the size of M-CSFtranscripts in this cell line. Fibro-
blast cells and fibrosarcoma cell lines are a good source of
M-CSF. Native M-CSF was purified from the conditioned
media of these cell lines (41, 42).

The regulation of growth factors produced by ovarian car-
cinoma cells and their relevance to tumor cell proliferation
may have implications in the management of the disease. Fur-
ther studies are necessary to understand the importance of
interaction between macrophages and ovarian tumor cells.
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