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The Role of the Cytokine CSF-1 in Ovarian Tumor 

Cell Motility
Sarah L. Dougherty

Department of Molecular and Cellular Biology, University of Arizona, Tucson, Arizona

Introduction

 Ovarian cancer is the 8th most commonly  diagnosed cancer in women and accounts for 

3% of all female malignancies. However, it is the 5th most common cause of cancer-related 

fatality, accounting for 6% of deaths (1,2). This disproportional rate is the result of ovarian 

cancer’s insidious growth and lack of specific early symptoms which leads to late presentation in 

the clinic. This pattern results in an overall mortality rate of 55% at 5 years (1). Only a quarter of 

patients present with disease that can be classified as localized or regional. Non-localized disease 

requires a more aggressive approach to treatment (2). Current treatment begins with maximum 

cytoreductive surgery  (3,4). It is followed by a combination of carboplatin (5) and paclitaxel (4) 

chemotherapy. Initial response rates are high but unfortunately, the majority of patients relapse 

and require additional cycles of chemotherapy. Toxicity is often limiting (6) and platinum 

resistant disease commonly emerges. Treatment options become largely  palliative at this stage 

Abstract

 Ovarian cancer is a leading cause of death in women because it’s late presentation and 
aggressive metastasis result in a poor prognosis. The CSF-1 ligand and its receptor cfms have been 
linked to the motility  and invasion of cells in both normal and cancerous environments. The 
purpose of this study is to understand the role that CSF-1 plays in mediating motility in ovarian 
cancer cells. CSF-1 was knocked-down in Hey and SKOV3 ovarian cancer lines by the 
transfection of anti-CSF-1 shRNA. A transwell migration assay was then used to visualize and 
quantify changes in cell motility. Both cell lines showed a drastic decrease in cell motility  as 
compared to empty vector or scramble vector controls as well as untransfected cells. This data 
suggests that CSF-1 plays a role in tumor cell motility. Motility is the first step that a cell must take 
as it metastasizes. If motility  and subsequently  invasion could be halted, metastasis of ovarian 
tumor cells to secondary sites could be slowed or stopped. Further investigation of CSF-1 is 
necessary  and important in understanding the mechanism by which cells move. Such knowledge 
may lead to CSF-1 being an attractive translational, therapeutic target in the treatment of ovarian 
cancer.



and meaningful improvements in survival are only rarely achieved (7). Thus, there is a clear need 

to explore novel approaches to the treatment of this challenging disease. 

 One potential therapeutic target  is the dimeric cytokine CSF-1 (colony-stimulating factor 

1), also known as macrophage-colony stimulating factor or M-CSF (8). CSF-1 is encoded by  a 

single gene on the q33.1 band of the long arm of chromosome 5 (10). Alternate splicing creates 

multiple mRNAs and cDNAs that  ultimate give rise to two distinct proteins. The larger form is a 

200 kDa protein translated from a 4-kb cDNA (9,10). It is processed intracellularly and is rapidly 

secreted by the cell (8). It is the most abundant variant found in circulation. The smaller form is 

an 80 kDa protein that is translated from a 1.6 kDa cDNA (9,10). This form is cleaved much 

more slowly and can be detected on the cell surface. Both forms of CSF-1 are membrane bound 

after transcription and are cleaved by proteolysis if they are secreted (8). They may also acquire 

additional differences such as alternative glycosylation. The larger form shows both N and O-

linked glycosylation while the smaller form exhibits only N-linked sugar additions. The larger 

protein also appears in a proteoglycan form (11). These differences may  allow CSF-1 to play 

diverse physiological roles. All the forms are biologically  active and bind the receptor coded by 

the proto-oncogene cfms. CSF-1 signals through receptor dimerization and auto-phosphorylation 

of the tyrosine kinase domains on the cfms protein (10).

 CSF-1 usually  functions to modulate the survival and regulation of mononuclear 

phagocytes and to regulate of cells in the female reproductive tract (11). In macrophages, it is 

seen to preferentially  regulate development if the cells are actively undergoing morphogenesis or 

remodeling. The macrophages that are regulated by CSF-1 go on to function all over the body. 

This includes regions as diverse as the male reproductive tract and brain (11). CSF-1 is also 

highly  active during pregnancy where it aids the implantation of a trophoblast. CSF-1 secretion 

is usually regulated in the uterus by estradiol and progesterone and is seen to increase 1000-fold 

increase in mice during pregnancy (11).

 Barry Kacinski and his team became interested in CSF-1 when they noted the similarity 

between the implantation of a trophoblast and the invasion of reproductive system cancers in 

women. Both require invasion into tissue like the maternal uterine wall and evasion of the 

immune system (12). The proto-oncogene fms, which encodes the CSF-1 receptor, was 



determined to be active in both processes and was chosen for study from among the hundreds of 

proto-oncogenes seen in tumor cells. They concluded that high levels of fms were correlated with 

high histological grade and advanced clinical stage presentation which is indicative of poor 

outcome (12). Using immunohistochemistry, the group was able to show that cfms was 

expressed by tumor-invading macrophages and malignant epithelial cells within tumors. Breast 

carcinomas showed high levels of wild-type cfms activity  while ovarian cancer cells exhibited an 

unusual cfms variant. These unusual transcripts of receptor vary from wild type in their 5’ 

extracellular domain as well as other sequences. They appear to have the same basic sequences 

for binding and tyrosine kinase domains but significant differences in other regions (12).

 Kacinski also determined that at least one-third of carcinomas that expressed fms also 

expressed high levels of CSF-1. Furthermore, co-expression correlated strongly  with adverse 

prognosis. The group concluded that CSF-1 could be functioning as an autocrine growth factor 

for epithelial cells or a paracrine modifier of macrophage (12). CSF-1 is also known to be a 

chemoattractant for macrophages. The macrophages that are recruited in turn produce cytokines 

that effect tumor growth. Tumor cells produce CSF-1 at such high levels that it overflows in to 

the extracellular fluid and the circulation. In this way, CSF-1 levels can be used to detect disease 

in many patients and monitor their response to therapy (12). This method has been found to be 

additive to other available tests.

 When Kacinski’s group looked closer to the cfms and CSF-1 genes, they were surprised 

to discover that no mutations were present in the genes themselves. That is, the genes present in 

cancer cells appeared to have an identical sequence as their counterparts in non-tumor body cells 

(12). The group suggested that  relevant changes must occur in another loci, perhaps a sequence 

that codes for a suppressor gene, and are now actively  pursuing the different possibilities. In their 

investigation, the group also noted that the phosphorylation of one growth factor receptor like 

CSF-1R can cause activation of others such as the EGFR receptor (12) . This causes additional 

signaling cascades to be activated and possible cross-talk between the pathways during tumor 

formation. The group came to the final conclusion that CSF-1 is present in tumor cells and may 

aid tumor development as an autocrine growth factor, a macrophage chemoattractant and 

regulator, an activator of its own internal pathways as well as those of surrounding kinase 



receptors. This makes the cytokine and its receptors fms excellent  potential targets for anti-

cancer therapeutic agents.

 Dr. Setsuko K. Chambers, who worked with Dr. Kacinski, has continued to focus on the 

role of CSF-1 and cfms in women’s cancers. In ovarian cancer, over 80% of patients have 

elevated levels of CSF-1 in their blood indicative of active neoplastic disease (12). Because of 

this, ovarian cancer is an excellent model in which to further explore the role of CSF-1 in tumor 

development. The larger 4.0-kb protein is universally  seen and the highest  levels of production 

are seen in HEY and SKOV3 ovarian cancer cell lines (12). CSF-1 is hypothesized to function in 

tumor cells similarly to how it functions in macrophages and placental implantation. Specifically, 

it is hypothesized to regulate tumor cell invasiveness. If tumor cells are able to invade into the 

surrounding blood vessels, they will be able to travel to a distant site and if they continue to 

invade into the tissues of that site, they could proliferate and form secondary tumors (Figure 1). 
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If invasion could be inhibited by blocking factors like CSF-1, then metastasis could possibly be 

prevented. This would improve overall patient outcome since treatment can be localized and 

cancer would not spread to difficult regions like the lungs.

 In our studies, it was determined by a transwell migration assay  that cell motility  was 

inhibited when CSF-1 was knocked down. This was shown in both HEY and SKOV3 cell lines 

which were chosen for their high levels of CSF-1, as noted above. This suggests that CSF-1 

plays a role in cell invasion and could be a viable target for translational research and eventually 

for therapeutic anti-cancer agents.



Materials and Methods

Cell Culture - The human ovarian cancer lines Hey and SKOV3 were obtained from American 

Type Culture Collection. Both cell lines were grown in DMEM-F12 medium supplemented with 

10% Fetal Bovine Serum (FBS). 

Growing and Purifying Plasmids - All shCSF-1 and control plasmid constructs were designed by 

Dr. Ho-hyung Woo (University  of Arizona Cancer Center). The shRNA targets the 5’ end of the  

target RNA. The section is present in each of the alternatively spliced trascripts. The parent 

vectors were sourced from Origene. 10 µL of each vector glycerol stock was placed in Luria-

Bertani  (LB) broth supplemented with kanamycin and shaken overnight at 37°C for 16 hours. 

Plasmids were purified from DH5∝E.coli using the Alkaline Lysis Method (Molecular Info, 

Institute of Molecular Development). The plasmids were further purified using the Qiagen 

Plasmid Midi Kit and chloroform extraction. DNA was resuspended in nuclease-free water and 

the concentration was measured using a UV spectrophotometer. DNA was stored at -80°C until 

needed.

Transient Transfection - Cells were serum-starved for 24 hours prior to transfection in starvation 

media. Using Genjet In vitro DNA Transfection Reagent, cells were transfected with 4 µg DNA 

per well on a six-well plate. Following a 4 hour incubation with transfection reagent, fresh 

starvation media was added and cells were allowed to proliferate for 48 hours.

In vitro Migration Assay - Hey or SKOV3 cells were transiently transfected and allowed to 

proliferate for 48 hours. 100,000 cells were plated per well in the top chambers of a 24-well 

transwell plate (MICS chambers). The medium (serum-free DMEM/F12 with 1% Nu Serum) in 

the bottom chambers was supplemented with fibronectin and the chambers were separated with a 

10 micron membrane. Fibronectin is used to establish a chemo-attractant directed assay as 

opposed to an assay visualizing random motility. The cells were allowed to incubate at 37°C for 

six hours in the chambers. The membrane was fixed and stained using 0.5% crystal violet in 25% 

MeOH. The wells were cut out  of the membrane and fixed on to microscope slides. Fifteen 



random views of the stained cells were counted per well and percent invasion was calculated 

with a formula provided by Dr. Ho-Hyung Woo (University  of Arizona Cancer Center). This 

experiment was repeated three separate times in each cell line.

Results

shCSF-1 constructs inhibit the motility of Hey and SKOV3 ovarian cells. Good prognosis is 

contingent on arresting metastasis for women with ovarian cancer. Limiting the cancer to a 

primary tumor site on the ovary would make treatment simpler and less taxing on the patient. 

Also, tumors would not metastasize to areas like the lung that are more difficult to treat  and more 

likely to cause fatality. Since cell motility  is the first steps in metastasis (Figure 1), a transwell 

migration assay was performed to determine how CSF-1 effected motility in Hey cells. Cell 

migration was inhibited in each of three iterations (Figure 2, A). The construct that suppressed 

motility the most was shCSF-1 1. There was a 283 fold decrease observed from the untransfected 

control and 224 fold decrease observed from the empty vector control. The least inhibiting 

construct was shCSF-1 3 but it still showed a significant decrease in motility of 17 fold from the 

untransfected control and 13 fold from the empty vector control. The mean standard error 

observed in this experiment was 35 +/- 3.06 percent motility.
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 The effect of shCSF-1 on motility was also examined in SKOV3 cells, another ovarian 

cancer cell line. Inhibition of motility was confirmed in these results (Figure 2, B). The construct 

that suppressed motility  the most was shCSF-1 3. There was a 63 fold decrease from the 

untransfected control and a 46 fold decrease from the empty  vector control. The construct that 

suppressed motility  the least  was shCSF-1 2 and showed a four fold decrease from the 

untransfected control and a three fold decrease from the empty vector control. The mean standard 

error observed in this experiment is 4 +/- 0.6 percent motility.



Discussion

 In this paper, we have shown that CSF-1 plays a role in ovarian cancer cell motility and 

therefore, this cytokine is an interesting target for future research. This research could potentially 

lead to CSF-1 knock-down being integrated into a translational therapy for ovarian cancer. Our 

novel finding was that a decrease in cell motility  was seen when shCSF-1 RNA was transiently 

transfected into HEY and SKOV3 ovarian cancer cells. This was visualized using an in vitro 

migration assay. Cell motility is a key factor in cell migration during cancer progression and 

subsequently, metastasis. If cell motility  could be limited by CSF-1 knockdown, it is possible 

that cancer cells would have difficulty moving through their environment and would be less 

likely to metastasize (see Figure 1). Since metastasis in ovarian cancer is linked with poor 

prognosis, limiting it in any way could potentially save lives by making ovarian cancer easier to 

treat.

 Further research is necessary  to determine the exact implications of the knockdown of 

CSF-1 on ovarian cancer metastasis. Experiments that could be conducted to prove that CSF-1 is 

truly  being knocked-down might include testing the relative expression of CSF-1 mRNA by 

quantitative RT-PCR. In addition, the effect of CSF-1 knock-down on cell invasion should be 

studied using an invasion assay. Since invasion through original and secondary  site tissue as well 

as blood vessel walls is crucial for metastasis, this data would help  to prove that CSF-1 plays a 

role in metastasis. After further study at the in vitro level, stable HEY and SKOV3 CSF-1 

knockdown ovarian cancer cell lines can be created and introduced into in vivo tumor models to 

determine the effect of CSF-1 knockdown on real tumor sequestering. 

 It is also interesting to note that the CSF-1/cfms complex can be modified in many ways 

other than a physical knock-down using shRNA. There are ongoing projects in Dr. Setsuko K. 

Chamber’s laboratory  which involve studying microRNA mechanisms of inhibition that silence 

the CSF-1 or cfms mRNA by binding to complementary  sequences in the 3’-UTR. Other projects 

focus on the regulation of RNA binding proteins that regulate expression of CSF-1 post-

transcriptionally. The study presented in this report suggests that  this receptor ligand pair is a 

excellent subject for further cancer research and a potentially effective target for translational 

therapeutics.



References

1. Jemal, A., Siegel, R., Ward, E., Murray, T., Xu, J., and Thun, M. J. (2007) Cancer statistics, 
2007. CA Cancer J Clin 57, 43-66

2. Quirk, J. T., and Natarajan, N. (2005) Ovarian cancer incidence in the United States, 
1992-1999. Gynecol Oncol 97, 519-523

3. Curtin, J. P., Malik, R., Venkatraman, E. S., Barakat, R. R., and Hoskins, W. J. (1997) Stage 
IV ovarian cancer: impact of surgical debulking. Gynecol Oncol 64, 9-12

4. Le, T., Adolph, A., Krepart, G. V., Lotocki, R., and Heywood, M. S. (2002) The benefits of 
comprehensive surgical staging in the management of early-stage epithelial ovarian carcinoma. 
Gynecol Oncol 85, 351-355

5. Raymond, E., Drolet, Y., Marpeau, L., Louvet, C., Cady, J., Tessier, C., Faivre, S., Ouellet, P., 
Lavoie, A., Rioux, E., de Gramont, A., and Krulik, M. (1997) Long-term follow-up  after 
adjuvant chemotherapy in completely resected early stage ovarian carcinoma. Eur J Obstet 
Gynecol Reprod Biol 72, 181-190

6. Smith, J. A., Ngo, H., Martin, M. C., and Wolf, J. K. (2005) An evaluation of cytotoxicity of 
the taxane and platinum agents combination treatment in a panel of human ovarian carcinoma 
cell lines. Gynecol Oncol 98, 141-145

7. Tangjitgamol, S., See, H. T., Manusirivithaya, S., Levenback, C. F., Gershenson, D. M., and 
Kavanagh, J. J. (2004) Third-line chemotherapy in platinum- and paclitaxel-resistant ovarian, 
fallopian tube, and primary peritoneal carcinoma patients. Int J Gynecol Cancer 14, 804-814

8. Koths, K. (1997) Structure-function Studies on Human Macrophage Colony-Stimulating 
Factor. Molecular Reproduction and Development 46, 31-38

9. Manos, M. (1988) Expression and Processing of a Recombinant Human Macrophage Colony-
Stimulating Factor in Mouse Cells. Molecular and Cellular Biology 8, 5035-5039

10. Rettenmier, C. and Roussel, M. (1988) Differential Processing of Colony-Stimulating Factor 
1 Precursors Encoded by Two Human cDNAs. Molecular and Cellular Biology 8, 5026-5034
 
11. Stanley, E., Berg, K., Einstein D., Lee, P., Pixley, F., Wang, Y. and Yeung, Y-G. (1997) 
Biology  and Action of Colony-Stimulating Factor-1. Molecular and Reproductive Development 
46, 4-10

12. Kacinski, B. (1995) CSF-1 and Its Receptor in Ovarian, Endometrial and Breast Cancer. 
Annals of Medicine 27, 79-85


	Titlepage&Rights
	Sarah-FinalThesis

