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ABSTRACT. The aim of the present study was to investigate the anti-
ovarian cancer effect of the inhibitor of signal transducer and activator 
of transcription 3 (STAT3), WP1066. Western blot was used to detect 
the phosphorylation of STAT3 in ovarian cancer cell line SKOV3 
and cisplatin-resistant ovarian cancer cell line SKOV3/DDP. MTT 
and colony-forming assays were performed to evaluate the viability 
and growth of ovarian cancer cells. The apoptosis of ovarian cancer 
cells was determined by flow cytometry. The wound healing assay 
and Transwell assay were performed to examine the migration and 
invasion of ovarian cancer cells. WP1066 significantly inhibited the 
phosphorylation of STAT3 in SKOV3 and SKOV3/DDP cells. WP1066 
treatment inhibited the proliferation and clonogenicity of both SKOV3 
and SKOV3/DDP cells. After WP1066 treatment for 24 h, the apoptosis 
rates of SKOV3 and SKOV3/DDP cells were significantly increased 
compared with the control cells. After treatment with WP1066, the 
reduction of the wound gaps was significantly less in both SKOV3 and 
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SKOV3/DDP cells. WP1066 also significantly inhibited the invasion 
capacity of SKOV3 and SKOV3/DDP cells compared with the control 
group. Treatment with WP1066 combined with cisplatin significantly 
increased proliferation inhibition and apoptosis in SKOV3 and SKOV3/
DDP cells compared with treatment with cisplatin alone. A synergistic 
action between WP1066 and cisplatin on the proliferation and apoptosis 
of ovarian cancer cells was determined. In conclusion, inhibition of 
STAT3 may suppress the proliferation, migration and invasion, induce 
apoptosis and enhance the chemosensitivity of ovarian cancer cells, 
indicating that STAT3 is a new therapeutic target of ovarian cancer.
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INTRODUCTION

Ovarian cancer is one of the three kinds of malignant tumors of the female reproduc-
tive system, with more than 204,000 new cases and 125,000 deaths each year, accounting for 
4% of all cancer cases and 4.2% of all cancer deaths in women around the world (Xu et al., 
2013). Since more than 70% of patients are diagnosed at an advanced stage, the prognosis 
of ovarian cancer is very poor. At present, surgery and chemotherapy-based comprehensive 
therapy are still the main treatment methods for ovarian cancer. Although survival has in-
creased slightly over the past 25 years, 5-year survival remains below 50% (Corney et al., 
2010). In recent years, biotherapies for ovarian cancer, including molecular targeted therapy, 
immunotherapy and gene therapy, have attracted more and more attention (Zhao et al., 2011; 
Touboul et al., 2013). Therefore, developing biological methods for ovarian cancer treatment 
are important for improving the outcome and prognosis of ovarian cancer patients.

Janus protein tyrosine kinase (JAK) is a family of intracellular, nonreceptor tyrosine 
kinases that transduce cytokine-mediated signals, consisting of four members, JAK1, JAK2, 
JAK3, and Tyk2 (Ihle, 1995). After binding to cytokines or growth factors, JAK is activated 
and thereby mediates the signal transducer and activator of transcription (STAT) cascade. The 
JAK-STAT signaling pathway is widespread in living organisms, and plays important roles not 
only in the growth of the embryo and stem cells, but also in the occurrence and development 
of tumors (Quintas-Cardama et al., 2011). STAT3, an intersection of many signaling pathways, 
not only participates in many physiological and pathological processes, such as inflammation 
and autophagy, but also plays a vital role in the process of malignant transformation and pro-
liferation of various tumor cells (Buettner et al., 2002; Fossey et al., 2009). In normal cells, 
the activation of signal transducer and activator of transcription 3 (STAT3) is transient. But in 
tumor cells, abnormally activated STAT3 upregulates downstream tumor-related genes, such 
as survivin, Bcl-2, vascular endothelial growth factor (VEGF), and hypoxia-inducible tran-
scription factor 1 (HIF-1), and subsequently promotes tumor cell proliferation, angiogenesis 
and metastasis, inhibits cell apoptosis, and induces immune escape (Leeman et al., 2006; John-
ston and Grandis, 2011). Therefore, blocking the JAK-STAT signaling pathway may inhibit 
the proliferation, invasion and metastasis and induce the apoptosis of tumor cells, providing a 
new approach to improve the outcome of ovarian cancer patients.
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WP1066, a small molecule that can selectively block the phosphorylation of STAT3 at 
tyrosine 705 (Tyr-705) and inhibit the dimer formation of STAT3, is able to inhibit the abnor-
mal activation of STAT3 (Ferrajoli et al., 2007). WP1066 can also decrease immune-inhibitory 
factor expression such as galectin-3, CCL-2 and sCSFL-1 by inhibiting T cell STAT3 activa-
tion, thereby reversing immune suppression (Wei et al., 2011). Although the antitumor effect 
of WP1066 has been shown in a variety of solid tumors, the effect of WP1066 on ovarian 
cancer cells has not been investigated. Therefore, we aimed to investigate the antitumor effect 
of WP1066 on ovarian cancer cells in this study.

MATERIAL AND METHODS

Cell culture

Ovarian cancer cell line SKOV3 and cisplatin-resistant ovarian cancer cell line SKOV3/
DDP were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin and 100 μg/mL streptomycin, at 37°C, 5% CO2 and 95% humidity.

MTT assay

Ovarian cancer cells were seeded on 96-well plates at a density of 1 x 104 cells/well in 
RPMI-1640 medium supplemented with 10% FBS. The cells were then treated with or without 
indicated concentrations of WP1066. Twenty-four hours later, 10 μL 5 mg/mL MTT solution 
was added to each well. The plates were incubated at 37°C for 4 h, the supernatant was then 
discarded, and 100 μL DMSO was added to each well. The plates were thoroughly mixed be-
fore reading on a microplate reader.

Wound healing assay

Six-well plates were coated with polylysine. SKOV3 and SKOV3/DDP cells were 
seeded on the coated plates at a density of 1 x 106/well and grown to ~80% confluence. The 
wound healing assay was performed as previously described (Kim et al., 2012). Briefly, 
a scratch wound was made by scratching with a 10-μL pipette tip across the center of the 
well. After scratching, the well was gently washed twice with medium to remove the detached 
cells, and RPMI-1640 medium with no serum was added to the wells with or without indicated 
concentrations of WP1066. Cells were grown at 37°C for indicated times and photographs 
were taken.

Cell invasion assay

Cell invasion assays were performed using Matrigel matrix-coated Transwell cham-
bers (Costar Corning, Cambridge, MA, USA) according to manufacturer instructions. SKOV3 
and SKOV3/DDP cells were serum starved with RPMI-1640 medium for 24 h and then sus-
pended in serum-free medium. Cells were seeded in the upper wells at a density of 0.5 x 105/
well (200 μL). RPMI-1640 medium (800 μL) containing 30% FBS was added to the bottom 
wells of the plate. Cells were incubated with or without indicated concentrations of WP1066 
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for 24 h. Nonmigrating cells were wiped away and the membranes washed with PBS. The 
membranes were fixed with 4% paraformaldehyde in PBS and stained with toluidine blue 
solution. Images were acquired using a Leica DFL290 camera (Leica Microsystems) and ana-
lyzed using the Leica application suite software. Migrated cells were counted in nine separate 
fields per well. The results are representative of three independent experiments.

Colony-forming assay

Cells were seeded on 6-well plates at 1 x 103/well per well. Cells were incubated with 
or without indicated concentrations of WP1066 for 10 days. The cells were then washed twice 
with PBS, fixed with methanol, and stained with toluidine blue. The colonies were counted 
under a microscope (Olympus IX81, Tokyo, Japan). 

Apoptosis assay

Annexin V/propidium iodide staining was performed for the detection of apoptotic 
cells. After a 24-h treatment with or without indicated concentrations of WP1066, the cells 
were collected and washed twice with ice-cold PBS. The cells were then stained using the an-
nexin V/propidium iodide for flow cytometry according to manufacturer guidelines.

Western blotting

Total protein was extracted as previously described (Du et al., 2011). Briefly, the 
cells were lysed with RIPA lysis buffer (Beyotime, Haimen, Jiangsu, China) and then centri-
fuged at 12,000-g for 15 min at 4°C. The supernatants were collected for subsequent West-
ern blotting. Protein concentration was determined with the BCA method. Proteins were 
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to 
a polyvinylidene fluoride membrane (Millipore, Billerica, MA, USA). The blot was then 
probed with primary antibody followed by reaction with horseradish peroxidase-conjugated 
secondary antibody. The signal was detected using enhanced chemiluminescence and re-
corded on X-ray film.

Statistical analysis

All the results are reported as means ± SD. Statistical significance was determined 
using SPSS 17.0 for Windows. One-way ANOVA was performed for multiple comparisons fol-
lowed by Fisher LSD post hoc comparisons. Differences were deemed significant if P < 0.05.

RESULTS

Phosphorylation of STAT3 in ovarian cancer cells was suppressed by WP1066

As shown in Figure 1, after 1.25, 2.5 or 5 μM WP1066 treatment for 4 h, the phos-
phorylation of STAT3 in SKOV3 and SKOV3/DDP cells was significantly suppressed. But 
0.625 μM WP1066 did not alter the level of p-STAT3.
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Proliferation and clonogenicity of ovarian cancer cells were suppressed by WP1066

Although the phosphorylation of STAT3 in ovarian cancer cells was suppressed by 
WP1066, whether WP1066 could exert an anti-ovarian cancer effect by suppressing STAT3 
phosphorylation was still unclear. Thus, we first investigated the effect of WP1066 on the pro-
liferation of ovarian cancer cells by MTT assay. WP1066 significantly inhibited the prolifera-
tion of both SKOV3 and SKOV3/DDP cells at 2.5 and 5 μM (Figure 2A). However, there was 
no significant difference in the inhibitory effect of WP1066 at the same concentration between 
the two cell lines.

Next, we further determined the effect of WP1066 on the clonogenicity of ovarian can-
cer cells by the colony-forming assay. As shown in Figure 2B and C, WP1066-treated SKOV3 
and SKOV3/DDP cells exhibited much fewer and smaller colonies compared with control.

WP1066 induced the apoptosis of ovarian cancer cells

Next, we further investigated whether WP1066 treatment could induce the apoptosis 
of ovarian cancer cells. After WP1066 treatment for 24 h, the apoptosis rates of SKOV3 and 
SKOV3/DDP cells were both significantly increased compared with control (Figure 3). How-

Figure 1. WP1066 inhibited the phosphorylation of STAT3 in ovarian cancer cells. A. Western blot analysis of the 
p-STAT3 levels in SKOV3 and SKOV3/DDP cells. B. Quantities for densitometric analysis of p-STAT3. Data are 
reported as means ± SD (N = 3). *P < 0.05, **P < 0.01, compared with control.
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ever, there was no significant difference in the apoptosis rate between SKOV3 and SKOV3/
DDP cells.

Figure 2. WP1066 inhibited the proliferation and colony formation of ovarian cancer cells. A. Effect of WP1066 
on the proliferation of ovarian cancer cells. B. Effect of WP1066 on the colony formation of ovarian cancer cells. 
C. Number of cell colony. Cells were seeded on 6-well plates and incubated with or without WP1066 for 10 days. 
Then the number of colony was counted under the microscope. The results are representative of three independent 
experiments. Data are reported as means ± SD. *P < 0.05, **P < 0.01, compared with control.
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Migration and invasion of ovarian cancer cells were suppressed by WP1066

Since the above experiments had shown that the inhibition of STAT3 could inhibit 
the proliferation of ovarian cancer cells and induce their apoptosis, we wondered whether 
WP1066 could also inhibit the migration of ovarian cancer cells. In the control group, the 
wound gaps were significantly less compared with the initial gaps (Figure 4A and B). The 
wound gap of SKOV3/DDP cells was clearly less than that of SKOV3 cells, indicating that 
SKOV3/DDP cells had a higher migration rate than did the SKOV3 cells. After treatment with 
WP1066, the reduction of the wound gaps was significantly less in both SKOV3 and SKOV3/
DDP cells, indicating that WP1066 may inhibit the migration of ovarian cancer cells.

To further study whether WP1066 could inhibit the invasion of ovarian cancer cells, 
we performed Transwell tumor cell invasion assays. After WP1066 treatment, the numbers of 
SKOV3 and SKOV3/DDP cells passing through the membrane were significantly decreased, 
suggesting that WP1066 could inhibit the invasion capacity of both normal and cisplatin-
resistant ovarian cancer cells (Figure 4C and D).

WP1066 enhanced the effect of cisplatin on ovarian cancer cells

To investigate whether STAT3 inhibition could enhance the anti-ovarian cancer effect 
of cisplatin, we observed the viability and apoptosis of ovarian cancer cells after combined 
WP1066 and cisplatin treatment. As shown in Figure 5A, treatment of SKOV3 cells with 
WP1066 in combination with cisplatin showed greater proliferation inhibition compared to 
treatment with cisplatin alone at each indicated concentration. Similar results were obtained in 
SKOV3/DDP cells (Figure 5B). The q values calculated with the Jin Zhengjun method were 
1.40, 1.38 and 1.34 for the combination of 2.5 μM WP1066 and 1.25, 2.5 and 5 μg/mL cispla-
tin, respectively. Combined WP1066 and cisplatin also significantly increased the apoptosis 

Figure 3. Effect of WP1066 on the apoptosis of ovarian cancer cells. Ovarian cancer cells were treated with 
WP1066 for 24 h and then the apoptosis was analyzed by flow cytometry. Data are reported as means ± SD. *P < 
0.05, **P < 0.01, compared with control.
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Figure 4. WP1066 inhibited the migration (A. and B.) and invasion (C. and D.) of ovarian cancer cells. Cells were 
seeded on 6-well plates. After 24 h, scratch wounds were generated as described in Method. Then the cells were treated 
with WP1066 for another 24 h. Images were taken and the wound gaps were determined. The initial length of wound 
gap was calculated as 100%. Percent of wound contraction was calculated taking the initial size of the wound gap as 
100%. Cell invasion assays were performed using Matrigel matrix coated Transwell chambers as described in Method. 
Migrated cells were counted in nine separated fields per well. The results are representative of three independent 
experiments. *P < 0.05, **P < 0.01, compared with untreated cells. ##P < 0.01, compared with untreated SKOV3 cells.

Figure 5. WP1066 enhanced the effect of cisplatin on the proliferation (A. and B.) and apoptosis (C. and D.) of 
ovarian cancer cells. SKOV3 and SKOV3/DDP cells were treated with cisplatin alone or combined with 2.5 μM 
WP1066 for 24 h. Then, the proliferation and apoptosis were determined by MTT and flow cytometry. Data are 
reported as means ± SD. *P < 0.05, **P < 0.01, compared with control.
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rate of both SKOV3 and SKOV3/DDP cells (Figure 5C and D). The q values for WP1066/1.25 
μg/mL cisplatin, WP1066/2.5 μg/mL cisplatin and WP1066/5 μg/mL cisplatin were 1.17, 1.28 
and 1.30, respectively. These results indicated that there was a synergistic action between 
WP1066 and cisplatin on the proliferation and apoptosis of ovarian cancer cells.

DISCUSSION

It has been reported that the overexpression of STAT3 in ovarian tumors is associ-
ated with ovarian tumorigenesis (Rosen et al., 2006). In the present study, the results showed 
that WP1066 was able to inhibit the phosphorylation of STAT3 and subsequently inhibit the 
growth, colony formation, migration, and invasion of ovarian cancer cells. WP1066 also in-
duced the apoptosis of ovarian cancer cells. In addition, WP1066 increased the chemosensitiv-
ity of both SKOV3 and SKOV3/DDP cells to cisplatin.

Inactivated STAT3 is located in the cytoplasm. When Tyr-705 is phosphorylated, the 
activated STAT3 dimerizes and translocates into the nucleus. It has been widely documented 
that sustained activation of STAT3 can induce abnormal upregulation of tumor-related genes 
(Zhang et al., 2012) and participate in tumor cell proliferation, apoptosis, immune escape, an-
giogenesis, invasion, and metastasis (Ozols et al., 2006; Liu et al., 2013). Currently, STAT3 has 
been studied as a tumor therapeutic target (Leeman et al., 2006). Several small molecule in-
hibitors of STAT3 have shown certain potential in the targeted therapy of tumor (Chen et al., 
2013; Kaneko et al., 2013). WP1066 is able to block the phosphorylation of JAK2 kinases and 
STAT3 protein and has shown antitumor properties in renal carcinoma, lymphoma and many 
other tumors (Horiguchi et al., 2010; Hatiboglu et al., 2012). Therefore, WP1066 was used to 
test its anti-ovarian cancer capacity in the present study.

The proliferation and apoptosis-related genes, such as Bcl-2, cyclin B1 and cyclin D1, 
are downstream genes of the JAK-STAT3 pathway (Iwamaru et al., 2007; Wei et al., 2011). 
In ovarian cancer cells with excessive activation of STAT3 and overexpression of multidrug-
resistance genes, reduction of STAT3 phosphorylation down-regulates the expression of in-
hibitors of apoptosis, such as survivin, Bcl-2 and Bcl-xl, and then inhibits the proliferation and 
promotes the apoptosis of ovarian cancer cells (Duan et al., 2009). In this study, we showed 
that WP1066 decreased the p-STAT3 levels in both SKOV3 and SKOV3/DDP cells. WP1066 
inhibited the proliferation and induced the apoptosis of ovarian cancer cells. Furthermore, in 
the present study, we also examined the colony formation of ovarian cancer cells, which may 
reflect the population dependence and proliferation ability of the cells. The results showed 
that SKOV3/DDP cells have a higher colony-forming ability than do SKOV3 cells, indicat-
ing that SKOV3/DDP cells have better viability and lower population dependence. Inhibition 
of p-STAT3 with WP1066 also significantly decreased the colony-forming ability of ovarian 
cancer cells.

Invasion of surrounding tissues and distant metastasis are two important hallmarks 
of malignant tumors, which seriously affect treatment success and prognosis of the patients. 
Thus, we further tested the migration and invasion ability of ovarian cancer cells by the wound 
healing assay and Transwell assay. Our results showed that SKOV3/DDP cells had stronger 
migration and invasion ability compared with SKOV3 cells. Inhibition of p-STAT3 by WP1066 
suppressed the migration and invasion of the ovarian cancer cells. STAT3 is able to activate 
the expression of cyclin D1 and survivin in smooth muscle cells, promotes the formation of 
neointimal cells and thus the proliferation and migration of smooth muscle cells (Daniel et al., 
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2012). Overexpression of STAT3 and IL-6 could induce the expression of HIF-1α and VEGF 
(Yang et al., 2013). Blockade of p-STAT3 can reduce the expression of HIF-α, VEGF, MMP-
2, and MMP-9, and inhibit the proliferation and invasion of carcinoma cells (Messina et al., 
2008; Vermeij et al., 2008; Boreddy et al., 2011; Yan et al., 2012). Our results demonstrated that 
STAT3 inhibition decreases the metastatic potential of ovarian cancer cells.

Cisplatin, used as a frontline agent in the treatment of advanced ovarian cancer (Hess 
et al., 2007), is usually associated with chemoresistance (Parker et al., 1991). It has been 
recognized that the overexpression and activation of STAT3 are associated with chemoresis-
tance to cisplatin (Duan et al., 2006; Dijkgraaf et al., 2013). Our results showed that WP1066 
enhanced the anti-tumor capacity of cisplatin in SKOV3 ovarian cancer cells. More interest-
ingly, WP1066 also improved the effect of cisplatin on SKOV3/DDP cell proliferation and 
apoptosis. A synergistic action was noted between WP1066 and cisplatin. These results sug-
gest that WP1066 is able to increase the chemosensitivity of ovarian cancer cells to cisplatin 
and reverse the cisplatin resistance of ovarian cancer cells.

In summary, WP1066 can inhibit the activation of STAT3 and thereby regulate the 
downstream expression of tumor-related genes. Our results demonstrated that WP1066 could 
suppress proliferation, migration and invasion and induce apoptosis in ovarian cancer cells. 
WP1066 could also enhance chemosensitivity in both general and cisplatin-resistant ovarian 
cancer cells. Our data indicate that STAT3 is a new therapeutic target of ovarian cancer. How-
ever, this is just an in vitro study. Further in vivo experiments should be performed in the future 
to verify the anti-ovarian cancer effect of WP1066.
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