
Abstract. CCL2, a chemokine, is expressed in normal
human ovarian epithelium but down-regulated in ovarian
adenocarcinomas. The association of CCL2 expression with
chemotherapy response, invasion and survival outcomes was
studied in patients with primary ovarian cancer (OC) and in
ovarian cancer cell lines (OCCLs). Tumor specimens (>80%
tumor) from patients with primary, advanced serous OC
obtained at the time of cytoreductive surgery was used to
isolate total RNA. The CCL2 gene expression evaluated by
RT-PCR was investigated in relation to chemo-
response/clinical outcomes in the OC patients and to
sensitivity to cisplatin/paclitaxel in the OCCLs. In vitro
invasion was measured by matrigel invasion and
matrixmetallo-proteinase-9 (MMP-9) zymogram assays.
Thirty-seven patients were included. In multivarible analyses
that adjusted for the impact of debulking status, the CCL2
mRNA expression was correlated with objective complete
response (p=0.01), chemosensitivity (p=0.04), and
progression-free survival (PFS; p=0.006). These findings
were corroborated in vitro in the OCCLs. The cells expressing
higher levels of CCL2 were more sensitive to paclitaxel and
cisplatin as compared to those lines expressing lower levels
of this chemokine. Up-regulation of CCL2 in the PAT-7 cell
line further enhanced the response of these cells to paclitaxel
(p=0.0001) and led to decreased invasion (p=0.0009).
Increased ovarian tumoral expression of CCL2 is associated
with improved chemoresponse and survival outcomes, and

higher levels of CCL2 in ovarian cancer cell lines are
associated with increased chemosensitivity and decreased
invasion in vitro.

Chemokine (C-C motif) ligand 2 (CCL2), is a proinflammatory
mediator and chemoattractant (1, 2). It is known to activate
macrophages and is a key determinant in the host immune
response against solid carcinomas, wherein it functions by
signaling and activating macrophages to infiltrate the tumors (1).
The function of CCL2 has been studied in several inflammatory
conditions and malignancies, including carcinomas of the bone
marrow, pancreas, breast, prostate and kidney (3-8). Although
the specific role of CCL2 in human carcinomas has not been
elucidated, several recent reports have described CCL2 as being
an important up-regulated gene associated with a variety of
cellular functions including cell growth, cell–cell signaling,
regulation of apoptosis and cell homeostasis (2-4).

Few studies have investigated the association of tumoral
expression of CCL2 with clinical parameters such as
recurrence and survival outcomes. In extra-abdominal tumors
such as breast and prostate cancer, CCL2 appears to be a
regulator of tumor growth and metastasis and a poor
prognostic factor (5-7), whereas, paradoxically, in intra-
abdominal tumors such as carcinomas of the kidney and
pancreas, increasing CCL2 levels have been correlated with
an enhanced antitumoral host immune response and
improved clinical outcomes (4, 8). Specifically, Zirn et al.
have demonstrated that CCL2 was significantly down-
regulated in advanced kidney cancer and that low expression
was predictive of risk of relapse (8) Furthermore, Monti and
colleagues reported a relationship between high serum CCL2
levels and improved survival in patients with pancreatic
cancer and demonstrated that increased CCL2 expression led
to greater antiproliferative and pro-apoptotic activity of
monocytes to pancreatic cancer cells, mediated in part by
interleukein 1-β1 (4).
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CCL2 has not been well studied in gynecological
malignancies. Arnold et al. have demonstrated that CCL2
expression was significantly silenced or down-regulated in
primary ovarian adenocarcinomas when compared to normal
epithelial ovarian tissue (1) and Wojnarowicz et al.
confirmed this finding in a microarray study of serous
ovarian cancer cell lines and primary malignant tumors (9).
However, little is known about the molecular characteristics
of CCL2 in ovarian cancer or the role it may play in patient
outcomes. In the present study, the association of tumoral
CCL2 expression with treatment outcome and the role of
CCL2 expresssion on chemosensitivity and tumor growth
characteristics in ovarian cancer cell lines were investigated. 

Patients and Methods

Patient samples and clinical characteristics. Tumor specimens from
49 sequential patients with primary stage III or IV epithelial ovarian
carcinoma were collected at the time of primary cytoreductive
surgery and snap frozen at –80˚C in liquid nitrogen. Frozen sections
were analyzed by a gynecological pathologist and sections that were
>80% tumor were microdissected. The patient samples were divided
into two groups, chemosensitive and chemoresistant, based on
clinical information of treatment response. The chemosensitive
patients were defined as those with a complete response to
chemotherapy and no recurrence of disease during a
platinum/taxane-free interval of 6 months. The chemoresistant
patients were defined as those who experienced persistent or
recurrent disease during or within 6 months of receiving the last
course of first-line platinum/taxane-based chemotherapy.

Progression-free survival (PFS) was measured from the date
treatment started to the date of documented progression or death.
Overall survival (OS) was measured from the date treatment was
initiated to the date of death.

Microarray analysis. The Human-6 Expression Bead-Chip, a 4th
generation, whole-genome chip obtained from The Illumina
Sentrix® (Illumina; Hayward, CA, USA) was employed for the
microarray analysis. The total RNA isolated from the frozen tumor
specimens using the Trizol® method (Invitrogen, Carlsbad, CA,
USA) was used for preparing fluorescent labeled cRNA according
to the manufacturer’s protocol. The cRNA was hybridized to the
Illumina microarray chip and scanned with a fluorescent scanner.
The data were analyzed with Illumina Studio Bead software and
GeneSpring software (Silicon Genetics, Redwood City, CA, USA).
Highly selective filtering and statistical tools were employed to
identify genes that were reproducibly up- or down-regulated in the
chemosensitive versus the chemoresistant patient samples.
Differentially expressed genes were generated using a two-group t-
test that assumes equal variances resulting in a pooled estimate of
variance. P-value <0.001 and ≥2-fold mean difference in expression
levels were the defining criteria used.

Quantitative real-time PCR. Quantitative real-time RT-PCR was
performed on single-stranded cDNA synthesized from 4 μg of total
RNA using a SuperScript first-strand synthesis kit (Invitrogen). The
cDNA was then amplified (in triplicates) in 96-well plates using a
QPCR SYBR Green Master Mix (Applied Biosystems, Foster City,

CA, USA) according to the manufacturer’s protocol. The primers
used for CCL2 were: forward 5’-ATCACCAGCAGCAAGTGTC-3’;
reverse: 5’-AGGTGGTCCATGGAATCCTG-3’. The primers used
for the internal control, β2-microglobulin, were forward: 5’-
CTTGTCTTTCAGCAAGGACTGG-3’ and reverse: 5’-
CATGATGCTGCTTACATGTCTC-3’. The PCR reaction, which
was performed in an iCycler iQ Real-Time Detection System (Bio-
Rad; Hercules, CA, USA) (or the ABI AB17700 sequence detection
system), consisted of 1 cycle of 10 min at 95˚C followed by 40
cycles of 15 s at 95˚C and 1 min at 60˚C. The normalized threshold
value (T) for CCL2 mRNA was obtained by subtracting the
threshold cycle number (CT) of CCL2 from the CT of β2-
microglobulin. The relative expression of CCL2 mRNA in patient
tumor samples was calculated as 2T.

Ovarian cancer cell lines. Ovarian cancer cell lines, PAT-7, OC-2,
PEO1 and PEO4, were used for the in vitro analysis of CCL2. The
PAT-7 cell line established from the ascites of a patient with stage
IIIC papillary serous ovarian carcinoma who initially had
chemosensitive disease with a disease-free survival of 45 months,
subsequent recurrence and further survival of an additional 52
months was obtained from Bristol-Myers Squibb Company,
Princeton, NJ, USA (10). The OC-2 cell line was derived from the
ascites of a patient with chemoresistant, stage IIIC papillary serous
ovarian carcinoma in our laboratory (11). The PEO1 cell line was
isolated from a cisplatin-sensitive ovarian tumor and the PEO4 cell
line was derived from the same patient (PEO1) after the patient
became refractory to treatment (12) and both were generously
provided by Dr. Thomas C. Hamilton, of the Fox Chase Cancer
Center, Philadelphia, PA, USA. The cell lines were maintained in
RPMI -1640 supplemented with 10% fetal bovine serum (FBS) and
2 mM L-glutamine at 37˚C in a humidified atmosphere of 5% CO2
plus 95% air. The medium used to culture PEO1 and PEO4 cells
was supplemented with 0.25 U/ml insulin. All cells were routinely
monitored and found to be free of mycoplasma contamination.

Cytotoxicity assays. For the cytotoxicity asays, the cells (50-70%
confluent) were treated with paclitaxel (Sigma, St Louis, MO, USA)
for 6 h or with cisplatin (TEVA Parenteral Medicines Inc, Irvine, CA,
USA), for 1 h at 37˚C. The cells were then washed free of drug and
incubated in drug-free medium for an additional 96 h. The cells were
trypsinized, harvested and stained with trypan blue to determine cell
viability. The experiments were performed in triplicate.

Determination of CCL2 protein levels. The concentration of CCL2,
a secreted protein, was determined by ELISA and Western blot
analysis. For ELISA, cells were initially grown overnight in RPMI-
1640 plus 10% FBS and subsequently incubated in serum free
RPMI-1640 for 48 h in the absence or presence of interleukin-1β
(IL-1β), an inducer of CCL2. Conditioned medium (CM) collected
at the end of the 48 h incubation was used to measure secreted
CCL2 expression with the human CCL2/monocyte chemotactic
protein-1 (MCP-1) Quantikine ELISA kit (R&D Systems,
Minneapolis, MN, USA). To account for differences in cellular
proliferation, expression of CCL2 was normalized to the cell
number. Western blot analysis of CCL2 was performed on cell
lysates prepared in RIPA buffer (50 mM Tris-HCL pH 8.0, 1% NP-
40, 150 mM NaCl, 1 mM EDTA, 0.5% sodium deoxycholate, 0.1%
SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 μg/ml
protease inhibitor cocktail). An aliquot of the total protein lysate
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was subjected to SDS-polyacrylamide gel electrophoresis (SDS-
PAGE), and the separated proteins were transferred to
polyvinylidene difluoride membranes (BioRad). The membranes
were first blocked with 5% non-fat dry milk in Tris-buffered saline
containing 0.1% Tween 20 (TBST) for 1 h at room temperature,
then incubated overnight at 4˚C with primary antibodies (mouse
anti-CCL2, R&D Systems; mouse anti-Myc, Abcam, Cambridge,
MA, USA; goat-anti-actin, Santa Cruz, Santa Cruz, CA, USA)
followed by incubation with the appropriate horseradish peroxidase-
conjugated secondary antibodies (Kirkegard Perry, Gaithersburg,
MD, USA). The protein band was visualized with ECL reagent
(Promega, Madison, WI, USA) and the intensity of the protein band
was normalized to that of actin. 

CCL2 lentiviral transfection. Plasmid pReceiver Lv17 MCP-1
(CCL2) with cytomegalovirus (CMV) promoter, C-myc tag and
neomycin selection marker were transfected into PAT-7 cells using
a lentiviral packaging system (Genecopoeia, Germantown, MD,
USA), lipofectamine reagent (Invitrogen), Plus reagent (Invitrogen)
and 293-T/17 cells (American Type Culture Collection, Manassas,
VA, USA) per manufacturer’s protocol. A similar procedure was
performed with a control enhanced green fluorescent protein
(EGFP) insert (Genecopoeia). Transfected cells were selected in
RPMI 1640 medium with 10% FBS and 1 mg/ml G418 (Invitrogen)
at 37˚C.

Matrigel™ invasion assay. PAT-7 EGFP and CCL2 transfected cells
were plated at 5×103 cells in RPMI 1640 containing 2% FBS in the
upper chamber of a 24-well plate containing BD BioCoat Matrigel
Invasion Chambers (BD Biosciences Discovery Labware, Two Oak
Park, Bedford, MA) while the lower chamber contained RPMI
+10% FBS. Cells were also plated in parallel onto BD Biocoat
Control Inserts (8 microns) to control for migration and incubated at
37˚C. After 24 h, the matrigel was scraped off the membrane, the
cells adhering to the opposite side of the membrane were stained
with Diff-Quick stain set (Dade Behring; Newark, DE, USA) and
the membranes mounted onto slides. The cells were counted at ×20
magnification in 10 high power fields (HPF) using light microscopy.
The percent invasion was calculated as the mean number of cells
invading through the matrigel membrane divided by the mean
number of cells migrating through the control inserts.

Matrix metalloproteinase-9 (MMP-9) zymogram. Serum-free CM
collected from the PAT-7 EGFP and PAT-7 MCP-1 cells at 24 and
48 h was centrifuged, aliquoted and stored at –80˚C until required.
Twenty μl of each sample were electrophoresed on a 10% gelatin
zymogram gel (Invitrogen). After electrophoresis, the gel was
incubated in 1× zymogram renaturing buffer (Invitrogen), followed
by 1× zymogram developing buffer (Invitrogen) and stained with
0.1% Coomassie Blue R-250 solution to detect MMP-9.

Statistics. Then categorical patient and disease variables were
summarized as frequency counts and percentages. The continuous
variables were summarized as means±standard deviations or,
medians with ranges. PFS and OS were summarized using the
Kaplan-Meier method. The tumoral CCL2 RNA expression was
assessed as a continuous variable and categorized based on a
recursive partitioning algorithm that was used to identify an
optimum cut-off point for complete response. The cut-off identified
was 5.5×10–2 and patients were categorized as having ‘low’ CCL2

expression if the relative expression value was ≤5.5×10–2 and ‘high’
expression if the value was >5.5×10–2. Results based on the
uncoded and categorized forms of CCL2 expression were generally
similar and therefore, for convenience, only the categorized results
are presented.

Associations between CCL2 expression and clinical data were
assessed using the Wilcoxon rank sum test and Fisher’s exact test.
Univariable analyses of complete response and chemosensitivity
were conducted using Fisher’s exact test and logistic regression
models. Similarly, univariable analyses of PFS and OS were
conducted using the log-rank test and proportional hazards model.
Multivariable analyses, which in all cases adjusted for the impact
of debulking status, were conducted using logistic regression
(complete response and chemosensitivity) and proportional hazards
(PFS and OS) models. All the analyses were performed using
Statistical Analysis System (SAS) version 8.0 (SAS Institute Inc.,
Cary NC, USA).
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Table I. Patient characteristics and outcome (N=37).

Characteristics N (%)

Age (years)
Mean±s.d 62.5±13.1

Pre-op CA-125 (U/ml)1

Median 710
Range 20-6526

Stage
IIIC 30 (81%)
IV 7 (19%) 

Surgical debulking
Optimal 20 (54%)
Suboptimal 17 (46%)

Tumor location
Ovary/fallopian tube 28 (76%)
Peritoneum 9 (24%)

Ascites
No 11 (30%)
Yes 26 (70%)

CCL2 Expression
Median 6.4×10–2

Range 0.2×10–2-51.2×10–2

>5.5×10–2 22 (59%)
<5.5×10–2 15 (41%)

Objective CR1

No 16 (44%)
Yes 20 (56%)

Chemosensitive
No2 17 (46%)
Yes 20 (54%)

Progression-free survival
No. failures 32 (86%)
Median (months) 15.8

Overall survival
No. of deaths 16 (43%)
Median (months) 73.4

1Missing data: CA-125 (n=1); CR (n=1); 2response less than CR or CR
with a treatment-free interval <6 months. 



Results

DNA microarray analysis. Whole-genome DNA microarray
profiling was performed for 10 patient tumor specimens,
eight of which were classified as chemoresistant and two as
chemosensitive. Clustering analysis from gene expression

profiling identified 58 genes that were differentially
expressed (>2-fold) between the chemoresistant and
chemosensitive tumor specimens. However, when utilizing
the Bead Studio software algorithms to compare gene
expression in each sample, CCL2 stood out as the only 
gene that was significantly (p<0.001) under expressed in 
100% of the chemoresistant tumors as compared to the
chemosensitive tumors. 
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Table II. Univariate results.

Complete response1 Chemosensitive2 Median PFS   Median OS

Factor  No. of patients N (%)  p-Value3 N (%) p-Value3 (Months) p-Value4 (Months) p-Value4

Age5 37 ---- 0.57 ---- 0.25 ---- 0.37 ---- 0.74
CA-125 (U/ml)5,6 37 ---- 0.12 ---- 0.14 ---- 0.23 ---- 0.32
Elevated CCL27

No 15 2 (14%) 3 (20%) 10.2 26.8
Yes 22 18 (82%) <0.001 17 (77%) <0.001 22.2 <0.001 73.4 0.009

Surgical debulking
Optimal 20 17 (85%) 16 (80%) 22.2 73.4
Suboptimal 17 3 (19%) <0.001 4 (24%) <0.001 10.7 0.002  29.9 0.007

Tumor location
Ovary/fallopian tube 28 14 (50%) 13 (46%) 14.7 42.5
Peritoneum 9 6 (75%) 0.26 7 (78%) 0.14 19.6 0.62  N/A8 0.12

Ascites
No 11 7 (64%) 7 (64%) 17.3 73.4
Yes 26 13 (52%) 0.72 13 (52%) 0.50 14.9 0.10  N/A8 0.43

1CR missing for one patient. 2CR with a treatment-free interval of ≥6 months. 3Fisher’s exact test for categorical factors; Wald test from logistic
regression models for continuous factors. 4Log-rank p-value for categorical factors; Wald test from proportional hazards models for continuous
factors. 5Modeled as a continuous variable. 6Modeled as log (CA-125). 7Relative expression >5.5×10–2 was indicative of elevated CCL2 expression.
8Median cannot be calculated due to censoring.

Table III. Multivariable results1.

Factor β1±s.e.  p-Value

CR2

Intercept –2.769±1.026 
CCL2 2.649±1.069 0.01
Debulking 2.569±1.022 0.01

Chemosensitivity2

Intercept –1.905±0.759
CCL2 1.859±0.912 0.04
Debulking 1.829±0.889 0.04

PFS3

CCL2 –1.292±0.473 0.006
Debulking –0.742±0.443 0.09

OS3

Debulking –1.384±0.577 0.02

1CCL2 expression and debulking coded as: CCL2, 1=relative expression
>5.5×10–2, 0=≤5.5×10–2; debulking surgery, 1=optimal, 0=suboptimal.
2Models the probability of achieving an objective CR or being
chemosensitive; positive regression coefficients (β) indicate increased
likelihood of the outcome for patients with elevated CCL2 expression
or optimal debulking. 3Risk (hazard) of progression or death; negative
regression coefficients indicate reduced risk for patients with elevated
CCL2 expression or optimal debulking.

Table IV. CCL2 mRNA expression and protein secretion in OCCL.

A. Relative expression of CCL2 mRNA

OCCL mRNA (ratio)

PAT-7 vs. OC-2* 42:1
PEO1 vs. PEO4# 6:1

B. Secretion of CCL2 in OCCL

Cell line Secretion of CCL2 (pg/105 cells/48 h)+

–IL-1β +IL-1β

PAT-7 198.1±7.0 7813.8±46.4
PEO1 68.6±1.9 335.4±7.2
PEO4 0.0 0.0
OC-2 0.6±0 3.4±1.5

*CCL2 mRNA normalized against β2-microglobulin. #CCL2 mRNA
normalized against glyceraldehyde-3-phosphate dehydrogenase. +CCL2
protein concentration was determined by ELISA in CM. 
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Figure 1. CCL2 expression, chemoresponse and progression-free survival in patients with ovarian cancer. A: Association between CCL2 expression
plotted on a log2 scale and chemoresponse. T: Normalized threshold value. Each point represents a distinct patient. B: Progression-free survival and
CCL2 expression. CCL2>5.5×10–2 (n=22, median PFS 22.2 months; 95% C.I. 15.8-35.0); CCL2≤5.5×10–2 (n=15, median PFS 10.2 months; 95%
C.I. 6.6-11.7); hazard ratio 0.21, p<0.001.

Figure 2. Response of OCCL to the anti-proliferative effects of cisplatin and paclitaxel. A total of 1×105 cells were grown in T-25 flasks for72 h then
treated with cisplatin for 1 h, or paclitaxel for 6 h. At the end of the treatment, cells were washed and incubated in drug-free medium for an
additional 96 h prior to determination of cell counts in control and treated samples. 



Patient and tumor characteristics. To validate the microarray
data, a larger set of tumors from patients with advanced,
primary papillary-serous ovarian carcinoma (n=37/47
evaluable patients treated with adjuvant therapy) were
investigated. The patient characteristics are summarized in
Table I. The mean age was 62 years, most patients (81%) had
stage IIIC disease and 54% were optimally cytoreduced. The
majority (97%) were treated with carboplatin/paclitaxel-
based therapies (one patient received a carboplatin-taxotere-
based regimen). Overall, 56% of the patients achieved a
complete response following treatment and 54% were
considered chemosensitive. 

Association between tumoral CCL2 expression and outcome.
The expression of CCL2 was significantly higher in the
chemosensitive versus chemoresistant tumors and in those
patients who achieved a complete response (p<0.001 in both
cases, Figure 1A). Higher CCL2 expression also correlated
with tumor debulking status, improved PFS and OS
(p<0.001 and 0.009, respectively; Figure 1B and Table II).
As might be expected, optimal cytoreduction was also
associated with improved outcome (p≤0007 in all cases);
however none of the other factors examined appeared to have
an impact (Table II). In the multivariable analyses which

adjusted for the impact of debulking status (Table III), the
CCL2 expression was seen to be an independent predictor of
complete response (p=0.01), chemosensitivity (p=0.04), and
PFS (p=0.006). 

Chemotherapeutic response of ovarian cancer cell Lines
(OCCLs). The two cell lines, PAT-7 and PEO1, expressed
markedly higher levels of CCL2 mRNA (PAT-7 vs. OC-2,
42:1; PEO1 vs. PEO4, 6:1) and secreted much more protein
compared to the OC-2 and PEO4 cell lines derived from
chemoresistant tumors (Tables IVA and IVB). In the
presence of IL-1β (inducer of CCL2), the secretion of CCL2
was enhanced (~5 fold) only in the chemosensitive PAT-7
and PEO1 cell lines, but not in the chemoresistant, OC-2 and
PEO4, cell lines, which secreted negligible amounts of CCL2
in the absence or presence of IL-1β. The in vitro response of
the OCCL to cisplatin and paclitaxel correlated with the
CCL2 expression. Accordingly, the PAT-7 and PEO1 cell
lines expressing high levels of CCL2 were demonstrably
more sensitive in vitro to cisplatin and paclitaxel than OC-2
and PEO4 cells lines expressing low levels of CCL2 (Figures
2A-D). Specifically, the IC50 for paclitaxel was 50 nM and
37 nM in the PAT-7 and PEO1 cells, respectively versus
125 nM and 100 nM in the OC-2 and PEO4 cells, respectively.
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Figure 3. Effect of over expression of CCL2 in PAT-7 ovarian cancer cells. A: Western blot analysis of cell extracts prepared from PAT-7 EGFP or
PAT-7 CCL2 transfected cells probed with antibody to c-myc. B: Dose response of PAT-7 EGFP and PAT-7 CCL2 cells to paclitaxel. Treatment
conditions as Figure 2. PAT-7 EGFP cells versus PAT-7 CCL2 cells, over the range of concentrations tested, p<0.0004. C: Matrigel invasion assay.
Percentage invasion in the PAT-7 CCL2 Lv17 cells versus the PAT-7 EGFP Lv21 cells, p<0.0009. D: Zymogram assay of CM from PAT-7 EGFP and
PAT-7 CCL2 cells. 



The IC50 for cisplatin was 7 μM and 3.5 μM in the PAT-7 and
PEO1 cells, respectively versus 50 μM and 20.5 μM in the
OC-2 and PEO4 cells, respectively. Thus the in vitro findings
were consistent with the chemotherapeutic response of the
patient tumor from which the cell lines were derived.

Up-regulation of CCL2. Stable transfection of the PAT-7
cells with the pReceiver Lv17 myc tagged MCP-1 (CCL2)
plasmid led to the overexpression of CCL2 mRNA (~300
fold) and protein (~127-fold, Figure 3A) as compared to
the vector control cells transfected with the pReceiver
Lv17 EGFP plasmid. The overexpression of CCL2 in the
PAT-7 cells led to enhanced sensitivity to paclitaxel in
comparison to the PAT-7 EGFP-transfected cells
(p=0.0004; Figure 3B). 

The up-regulation of CCL2 in PAT-7/CCL2 Lv17 also
resulted in a decreased percentage of invading cells when
compared to the PAT-7/EGFP Lv21 vector control cells (Figure
3C). Only 11.9% invasion was observed in the PAT-7 CCL2
cell line as compared to 35.9% in the PAT-7 EGFP vector
control cell line (p=0.0009). Decreased invasion was also
correlated with the zymogram assays, which demonstrated
decreased secretion of MMP-9 in the medium by the CCL2-
overexpressing PAT-7/CCL2 Lv17 cells compared to the PAT-
7/EGFP Lv21 vector control cells (Figure 3D).

Discussion

DNA microarray technology, an important tool, was utilized
to identify the candidate study gene CCL2 from the fresh
ovarian tumor specimens. Several preliminary studies have
suggested that the ability to reliably gauge chemoresponse
in human carcinomas through gene expression signatures
may become a reality in the near future (13-15). However,
to date, few studies have associated specific genes to
chemoresponse and survival after adjuvant chemotherapy in
patients with primary ovarian cancer. Cytogenetic, molecular
genetics, and functional analyses have implicated
chromosome 17 genes in epithelial ovarian cancer, including
the tumor suppressor gene p53 (16). Interestingly, the
microarray study by Wojnarowicz et al. identified CCL2,
among four other genes located on chromosome 17 that were
significantly underexpressed in the ovarian cancer samples
compared to the normal ovarian surface epithelium (9).
These findings, coupled with the present results that CCL2
was the only gene significantly underexpressed in the
chemoresistant versus the chemosensitive ovarian tumors on
a whole-genome microarray platform (Illumina Sentrix®)
provide further evidence that CCL2 may be one of a host of
genes that mediate ovarian cancer biology.

It has been reported that human CCL2 gene transcription
is regulated by the distal regulatory promoter region of the
gene, primarily due to a -2518 A/G polymorphism in that

region (17). Studies by Rovin have demonstrated that when
the -2518 A/A genotype was expressed, CCL2 production
was decreased (17). The A/A genotype was more prevalent in
the present 37 ovarian cancer patients (68% A/A compared to
16% each for the A/G and G/G genotypes, data not shown).
Of interest the frequency of the A/A genotype in a cohort of
83 breast cancer patients was 49% (18). However, the low
number of the A/G and G/G genotypes in the present study
prevented correlation analysis with CCL2 expression and
patient outcome. The chemosensitive PAT-7 cell line, which
expresses high levels of CCL2, was homozygous for the -
2518 G genotype, whereas the chemoresistant OC-2 cell line,
which expresses low levels of CCL2, was homozygous for the
-2518 A allele (data not shown). Whereas the correlation
between the -2518 A/G genotype and CCL2 expression in the
PAT-7 and OC-2 cell lines is consistent with the published
data, a similar correlation was not observed in the PEO1 and
PEO4 cell lines. Although both the latter cell lines were
derived from the same patient (12), heterozygous for the -
2518 A/G genotype, the PEO1 cell line produced significantly
higher levels of CCL2 mRNA and protein compared to the
PEO4 cell line. These results, while indicating that the -2518
A/G polymorphism alone cannot predict for tumoral CCL2
expression, did not preclude the possibility that this
polymorphism affects the interaction of this distal promoter
region with transcriptional complex(es) that are involved in
initiating CCL2 gene transcription and thereby influencing its
expression.

CCL2 may also be a gene that, in addition to predicting
chemoresponse, can also predict the patient’s cytoreductive
status. In this case, tumors expressing higher levels of CCL2
may behave less invasively than those expressing little or no
CCL2. Retrospective studies have suggested that optimal
residual disease is one of the most important prognostic
variables in ovarian carcinoma patients, and currently, the
only modifiable prognostic variable in ovarian cancer. Yet
clinical outcomes may have more to do with tumor biology
than with cytoreductive status, with less aggressive tumors
being more amenable to resection or intrinsically sensitive to
chemotherapy. Perhaps when CCL2 is down-regulated or
absent from malignant ovarian tumors, the host immune
response is blunted since CCL2 is known to signal and
activate macrophages to attack tumors. This may allow the
tumors to proliferate undetected, thus making them
biologically more aggressive and, therefore, less amenable
to optimal cytoreduction. 

The present study using both in vitro and clinical
models for the first time reports that the CCL2 gene may
help determine cytoreductive status, chemoresponse and
survival outcomes for ovarian cancer patients. The 25-30%
patients deemed platinum-refractory present a major
problem in the management of ovarian cancer, as the
prognosis for these refractory patients is poor. Therefore,

Fader et al: CCL2 and Chemoresponse in Ovarian Cancer

4797



identification of a gene predicting tumor aggressivity and
response to chemotherapy, may help predict the likelihood
for successful treatment with primary cytoreductive
surgery and adjuvant therapy (15). Patients in whom
treatment success seems doubtful might be spared
unnecessary surgery or potentially directed toward
different treatment regimens or experimental protocols. In
reality, it will likely be a panel of genes, and not a single
gene, that will help in understanding the behavior of
epithelial ovarian carcinoma. However, the association of
CCL2 with clinical outcomes, chemoresponse and tumoral
invasion in ovarian carcinoma patients presented here
suggests that defining the functional role for this particular
gene and its role in the host immune response against
tumors merits further consideration.
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