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The macrophage-specific colony stimulating factor CSF-I is 
required for the growth and differentiation of monocytes. The cell 
surface receptor for CSF-I is identical to the product of the c-fms 
proto-oncogene. The present studies have monitored CSF-I and c-fms 
expression in human carcinoma cell lines. Two of three human ovarian 
carcinoma cell lines expressed multiple species of CSF-I mRNA. 
Furthermore, detection of CSF-I transcripts was associated with 
secretion of CSF-I protein that was increased after phorbol ester 
treatment. CSF-I mRNA was also detectable in 4 breast and 2 lung 
carcinoma cell lines. In contrast, c-fms expression was found only 
in SK-Br-3 breast carcinoma cells. Similar studies in 2 human 
choriocarcinoma cell lines demonstrated the presence of c-fms, but 
not CSF-I, transcripts. While phorbol ester treatment was associated 
with increased c-fms mRNA levels in choriocarcinoma cells, this agent 
had no effect on CSF-I expression. These findings indicate that: i) 
CSF-I expression is frequent in human ovarian, breast and lung 
carcinoma cells; and 2) coexpression of the CSF-I and c-fms genes, as 
found in monocytes is infrequent in malignant epithelial and 
choriocarcinoma cell lines. ©1988AcademicPress, Snc. 

The growth factor CSF-I is required for the survival, 

proliferation and differentiation of cells in the mononuclear 

phagocyte series (i) . CSF-I also appears to play a role in the 

development of the mouse placenta (2). Mouse cells which produce 

CSF-I include uterine epithelium (2), fibroblasts (3) and bone marrow 

stroma (4). Moreover, human monocytes (5-7) and certain pancreatic 

carcinoma cell lines (8,9) have been shown to produce this factor. 

The effects of CSF-I are mediated by binding to a single class of 

high affinity CSF-I receptor (i) . The CSF-I receptor and the product 

of the c-fms proto-oncogene have been shown to be identical molecules 

Abbreviations used: CSF-I, colony-stimulating factor i; TPA, 12-0- 
tetradecanoylphorbol-13-acetate. 
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(i0) . In this regard, c-fms transcripts have been detected in 

placental tissues (11,12) and in monocytes (13,14). c-fms mRNA and 

protein have also been detected in human choriocarcinoma cell lines 

derived from malignant trophoblasts (15-17). Other studies have 

demonstrated the presence of both c-fms and CSF-I mRNA in cells 

differentiated along the monocytic lineage (18), thus suggesting that 

this factor may act by an autocrine mechanism in mononuclear 

phagocytes. 

We previously demonstrated that the CSF-I gene is expressed at 

the RNA and protein levels in two human pancreatic carcinoma cell 

lines (8,9). In contrast, the present work has examined both CSF-I 

and c-fms expression in a variety of other types of human malignant 

epithelial cell lines. 

MATERIALS AND METHODS 

Cell Culture 
The human epithelial cell lines used in this study included: two 

derived from choriocarcinomas (BeWo, JEG); four derived from ovarian 
carcinomas (OV-S, OV-D, OV-M, SK-OV-3); four derived from breast 
carcinomas (BT-20, T-47D, ZR-75-1, SK-BR-3); and two derived from 
lung carcinomas (A549, Calu-3). The ovarian cell lines were provided 
by Dr. R. Knapp, Brigham and Womens' Hospital, Boston, MA (19); all 
other epithelial cells as well as the HL-60 human promyelocytic cell 
line were obtained from the American Type Culture Collection, 
(Rockville, MD). The BeWo, JEG, OV-S, OV-D, OV-M and HL-60 cells 
were treated with 32 nM TPA for varying intervals. 

RNA analvsis 
Total cellular RNA (20 ug) was prepared from each cell line and 

analyzed by Northern hybridization as described previously (13). The 
32p-labeled DNA probes included the 0.6 kb AccI/EcoRI fragment of a 
human CSF-I CDNA purified from the pcCSF-12 plasmid (8) and the 4 kb 
EcoRI fragment of the human c-fms gene in the pc-fms 102 plasmid 
(2O). 

CSF-I determinations 
The concentration of CSF-I in tissue culture supernatants was 

determined by the CSF-l-specific radioimmunoassay (i). 

RESULTS 

RNA prepared from 3 human ovarian carcinoma cell lines was 

analyzed for the presence of CSF-I and c-fms related transcripts 

(Fig. i). CSF-I mRNA was detected in two of these cell lines, OV-S 

and OV-D, while none was found in the OV-M cells (Fig. I). There 

were two transcripts of approximately 4.6 and 4.0 kb in the OV-S and 

OV-D cells. The larger CSF-I transcript was similar to that in TPA- 

treated HL-60 cells (Fig. i) and monocytes (12,13), while the smaller 
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Figure i. Expression of CSF-I and c-fms mRNA in human ovarian 
carcinoma cells. Total cellular RNA (20 ug) was analyzed for CSF-I 
and c-fms transcripts following Northern transfer and hybridization 
to the 32p-labeled probes. The OV-S and OV-M cells were treated with 
32 nM TPA for the indicated times before mRNA isolation. Similar 
amounts of RNA from HL-60 cells induced by TPA were included as a 
relative measure of CSF-I and c-fms expression. CSF-I protein in OV- 
S, OV-D and OV-M cell supernatants was: <83, 168 and <83 U/ml, 
respectively (control medium <83 U/ml) . Supernatant from OV-S and 
OV-D cells treated with TPA for 48 h had 105 and 261 U CSF-I/ml, 
respectively. 

transcript has not been reported for hematopoietic cells. 

Furthermore, the level of CSF-I mRNA in these cells was detectably 

less than that in HL-60 cells treated with TPA for 24 h and 48 h 

(Fig. i). In contrast to these findings, there was no detectable c- 

fms mRNA in these three cell lines (Fig. i) . 

The three ovarian cell lines were treated with TPA for 24 and 48 

h to determine if, as in HL-60 cells, there was an associated 

induction of CSF-I and c-fms transcripts. TPA increased CSF-I mRNA 

levels in OV-S cells (Fig. I). In contrast, this agent had no 

detectable effect on levels of CSF-I transcripts in the OV-D (data 

not shown) or the OV-M cells (Fig. I). Moreover, there was no 

detectable induction of c-fms mRNA in these cells by TPA (Fig. i). 

The untreated and TPA-treated ovarian carcinoma cells were also 

monitored for secretion of CSF-I protein. There was no detectable 

CSF-I in the OV-S and OV-M cell supernatants. However, this protein 

was present in the supernatant of TPA-treated OV-S cells. 

Furthermore, CSF-I protein was present in OV-D supernatant and 

increased after treatment of these cells with TPA (legend to Fig. i). 

A variety of other human carcinoma cell lines were monitored for 

CSF-I and c-fms transcripts. Both breast and lung carcinoma cell 

lines had detectable CSF-I mRNA (Fig. 2A) . Several of these cell 

lines expressed two transcripts that were similar in size to those 

found in the OV-S and OV-D cells (Fig. 2A). However, the level of 
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Fiaure 2. Exoression of CSF-I and c-fms mRNA in human br@~$% ~nd 
luna carcinoma cells. A. Total cellular RNA (20 ug) was isolated 

from the indicated carcinoma cells and hybridized to the 32p-labeled 
CSF-I probe. RNA from the OV-S cells was included for comparison. 
B. The 32p-labeled CSF-I and c-fms probes were hybridized to RNA 
isolated from the SK-BR-3 breast carcinoma cells. 

CSF-I mRNA in the breast and lung cancer cell lines was relatively 

lower than that in the ovarian cells (Fig. 2A). Furthermore, there 

was no detectable CSF-I protein in the supernatants of these cell 

lines. In contrast to the presence of CSF-I transcripts, none of 

these breast or lung carcinoma cell lines had detectable c-fms mRNA, 

even after prolonged autoradiographic exposure of the filters (data 

not shown). Indeed, only one additional malignant breast carcinoma 

cell line (SK-BR-3) expressed c-fms transcripts. Moreover, the SK- 

BR-3 cells also had detectable levels of CSF-I mRNA (Fig. 2B). These 

findings suggested that CSF-I, but not c-fms expression, is 

relatively frequent among ovarian, breast and lung carcinoma cell 

lines. 

Previous work has demonstrated that c-fms mRNA is expressed in 

cell lines derived from human choriocarcinomas (15). However, other 

studies have not examined whether these cells also express the CSF-I 

gene. The BeWo and JEG choriocarcinoma cell lines had levels of c- 

fms mRNA that were comparable to that in TPA-treated HL-60 cells 

(Fig. 3). Moreover, treatment of these cells with TPA resulted in 

increased c-fms mRNA levels that were maximal at 24 to 48 h of drug 

exposure (Fig. 3). In contrast to these findings, there was no 
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Figure 3. Expression of c-fms and CSF-I mRNA in human 
choriocarcinoma cells. Total cellular RNA (20 ug) isolated from 
untreated and TPA-treated choriocarcinoma cells was hybridized to the 
32p-labeled probes. RNA from HL-60 cells was included for 
comparison. 

detectable CSF-I expression in these cells, even after TPA treatment 

(Fig. 3). Taken together, these findings indicated that the 

choriocarcinoma cell lines have contrasting patterns of c-fms and 

CSF-I expression to that in the ovarian, breast and lung carcinoma 

cell lines. 

DISCUSSION 

Studies of human cells that produce CSF-I have been limited, 

although recent work has demonstrated that this growth factor is 

produced by cells of the monocytic lineage (5-7). Multiple species 

of CSF-I mRNA have also been detected in certain human pancreatic 

carcinoma cell lines (8,9), while expression of this gene in human 

monocytes (5-7) and myeloid leukemia cells (21) is predominantly as 

the larger 4.6 kb transcript. The present studies demonstrate that 

the CSF-I gene is widely expressed in a variety of human ovarian, 

breast and lung carcinoma cell lines. Moreover, the presence of 

multiple species of CSF-I mRNA in these cells is consistent with the 

alternative splicing of a large primary transcript (22). However, 

the basis for the expression of different CSF-I mRNA species in 

malignant epithelial cells and not in monocytes remains unclear. 

We have previously demonstrated that monocytes express both the 

CSF-I and c-fms (CSF-I receptor) genes (18). These findings have 

suggested that cells differentiated along the monocytic lineage are 

capable of regulating their own growth through the production of CSF- 

i. In this regard, we also monitored ovarian, breast and lung 
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carcinoma cell lines for the presence of c-fms transcripts. With the 

exception of the SK-BR-3 cell line, c-fms mRNA was undetectable in 

these cells. These findings suggested that CSF-I is not capable of 

stimulating autocrine growth of the majority of human malignant 

epithelial cell lines. The SK-BR-3 cell line, however, may be an 

exception and additional work on these cells is underway. 

Furthermore, while we were unable to detect c-fms transcripts in the 

other ovarian, breast and lung cell lines, these findings do not 

prelude the possibility that this gene is expressed in these tumors 

i__nnvivQ. 

In contrast, to the findings with malignant epithelial cells, 

lines derived from human choriocarcinomas constitutively express c- 

fms transcripts (15). However, we were unable to detect CSF-I mRNA 

in these cells. Previous studies have demonstrated that TPA induces 

c-fms and CSF-I expression in myeloid leukemic cell lines (5,7,13). 

In the present work, TPA also increased c-fms mRNA levels in the 

choriocarcinoma cells and CSF-I mRNA levels in the OV-S cells. 

Moreover, TPA increased production of CSF-I protein from the OV-D 

cells, a finding similar to that for myeloid leukemia cells (21). 

However, there was no detectable CSF-I expression in TPA-treated 

choriocarcinoma cells or c-fms expression in TPA-treated ovarian 

cells. In this regard, although both transcripts can be induced by 

TPA, the regulation of CSF-I and c-fms expression is controlled by 

distinct mechanisms (7 and unpublished data). 

We have previously demonstrated that human malignant epithelial 

cell lines constitutively express the tumor necrosis factor gene at 

the RNA and protein levels (23). Recent findings from our laboratory 

have also demonstrated that the platelet-derived growth factor 

(PDGF)-I and BDGF-2 genes are expressed by ovarian, breast and lung 

carcinoma cell lines (24). Transcriptional and posttranscriptional 

mechanisms regulate tumor necrosis factor gene expression in human 

monocytes (25). Similar mechanisms appear to regulate PDGF gene 

expression in myeloid cell lines and monocytes (26). Moreover, the 

TNF, PGDF and CSF-I genes appear to share common control mechanisms 

at the post-transcriptional level. However, it is presently not 

clear whether these mechanisms contribute to the expression of these 

genes in malignant epithelial cells. 
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