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Abstract. The interleukin 6 (IL‑6)/glycoprotein 130 
(GP130)/signal transducer and activator of transcription 3 
(STAT3) signalling pathway, with GP130 as an intermediate 
membrane receptor, is involved in the survival, metastasis, and 
resistance of ovarian cancer. Bazedoxifene, an FDA‑approved 
drug, is an inhibitor of GP130 and a selective estrogen 
modulator (SERM). We studied the mechanism of the combi‑
nation therapy of bazedoxifene and paclitaxel in inhibiting the 
IL‑6‑mediated GP130/STAT3 signaling pathway in ovarian 
cancer. Surface plasmon resonance (SPR) was used to assess 
the binding of bazedoxifene to GP130. Migration, invasion, 
and apoptosis of ovarian cancer cells were assessed using 
bazedoxifene and paclitaxel. In addition, we determined the 
effects of bazedoxifene and paclitaxel alone or in combination 
on the GP130/STAT3 pathway and epithelial‑mesenchymal 
transition (EMT). The results revealed that the combination of 
bazedoxifene and paclitaxel suppressed cell viability, migra‑
tion, and invasion in the ovarian cancer cells. In addition, 
the combination treatment increased apoptosis. Furthermore, 

bazedoxifene combined with paclitaxel inhibited the growth 
of ovarian cancer cells in a xenograft tumour model. This 
combination reduced STAT3 phosphorylation and suppressed 
gene expression and EMT. In conclusion, inhibition of 
GP130/STAT3 signalling and EMT via a combination of baze‑
doxifene and paclitaxel could be used as a therapeutic strategy 
by which to overcome ovarian cancer.

Introduction

Ovarian cancer is the seventh most common cancer in women, 
and its incidence is the highest among all types of cancer in 
women worldwide. Ovarian cancer is the most lethal gynae‑
cological cancer, with a 5‑year survival rate of only 50% (1). 
Until recently, there has been slow progress in the development 
of treatment strategies for this deadly disease. A combination 
of surgery and chemotherapy is used as a standard therapy for 
patients with ovarian cancer. Paclitaxel, a widely used first‑line 
chemotherapeutic agent against ovarian cancer, causes apop‑
tosis of tumour cells by arresting the G2/M phase in the cell 
cycle, which is important for cell division (2). However, several 
clinical studies have reported the occurrence of resistance to 
and toxicity of paclitaxel, with limited results in the treatment 
of ovarian cancer (3,4). Therefore, there is a need to develop 
low‑toxicity formulations with distinct molecular targets to 
improve ovarian cancer treatment outcomes.

Inflammatory cytokines have been shown to play several 
roles in cancerous tumour growth in the ovaries and in the 
production of pre‑inflammatory cytokines. Interleukin‑6 
(IL‑6) is a major immune‑regulatory cytokine that has been 
implicated in ovarian cancer growth (5,6). Glycoprotein 130 
(GP130) is a co‑receptor subunit of the IL‑6 cytokine family 
that contains IL‑6, IL‑11, IL‑27, oncostatin M (OSM), 
leukaemia inhibitory factor (LIF), ciliary neurotrophic factor 
(CNTF), cardiotrophin 1 (CT‑1), and cardiotrophin‑like 
cytokine factor (CLCF1). GP130 mediates a wide variety of 
biological processes and plays an important role in resistance 
to apoptosis, and promotion of angiogenesis, proliferation, 
metastasis, and tumourigenesis (7‑11). Thus, inhibition of 
GP130 is a promising strategy for cancer treatment.

The IL‑6/GP130/signal transducer and activator of 
transcription 3 (STAT3) pathway is involved in a variety 
of oncogenic processes (12‑15). In addition, constitutive 
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activation of STAT3 is maintained in ovarian cancer and plays 
an important role in cancer cell growth, cell cycle progres‑
sion, and invasion (16,17). GP130 acts as a signal transducer 
for this signalling axis, which is closely related to cancer 
progression. However, the use of direct GP130 antagonists is 
extremely limited. A recent study found that bazedoxifene, 
an FDA‑approved drug, targets the GP130 D1 domain and 
interferes with the IL‑6/GP130 interaction. Thus, inactivating 
the dimerisation of the IL‑6/IL‑6R/GP130 heterotrimer can 
inhibit downstream STAT3 phosphorylation (18). Recently, 
it has been reported that bazedoxifene exhibits anticancer 
activity by inhibiting STAT3 signalling in cervical cancer, 
breast cancer, pancreatic cancer, and colon cancer (19‑23). 
Research on bazedoxifene is expected to accelerate as well as 
clinical treatment with bazedoxifene on a variety of cancers 
dependent on IL‑6/GP130/STAT3. However, the potential 
therapeutic effects in regards to ovarian cancer have not yet 
been investigated.

In the present study, combination therapy with bazedoxi‑
fene and paclitaxel was found to inhibit the IL‑6‑mediated 
GP130/STAT3 signalling pathway, induced apoptosis in 
ovarian cancer cells, inhibited epithelial‑mesenchymal transi‑
tion (EMT), and inhibited tumour growth in human ovarian 
cancer xenografts. Targeting the GP130/STAT3 signalling 
pathway could act as a new therapeutic strategy for ovarian 
cancer.

Materials and methods

Surface plasmon resonance (SPR) analysis. SPR analysis was 
performed using the BIAcore T200 model (GE Healthcare) 
at room temperature with PBSTT buffer (1X PBS, 0.05% 
Triton X‑100, 0.05% Tween‑20) containing 5% dimethyl 
sulfoxide (DMSO; Sigma‑Aldrich; Merck KGaA). The 
pH scouting for GP130 (Sino Biological, China, or ANRT, 
Korea) and IL‑6Rα (PeproTech) immobilisation was 
performed in 10 mM acetate buffer at pH 4.0, 4.5, 5.0, 
and 5.5. GP130 and IL‑6Rα were immobilised on a CM5 
chip to 2,000 and 1,000 response units (RU) with standard 
amine coupling at pH 4.5. Bazedoxifene was injected into the 
GP130 and IL‑6Rα‑immobilised flow cell at concentrations 
of 50, 100, 125, 150, 175, and 200 µM with a flow rate of 
20 µl/min for 250 sec and allowed to dissociate for 600 sec. 
The T‑200 BIAevaluation software v3.1 (GE Healthcare) was 
used to subtract the references and determine steady‑state 
KD. Between the sample series, a solvent correction cycle was 
run to adjust for referencing errors caused by refractive index 
mismatches between the running buffer and samples (24).

Bioassay with IL‑6‑dependent DS‑1 cells. The DS‑1 cell line 
was obtained from the American Type Culture Collection 
(ATCC). DS‑1 cells were cultured in RPMI‑1640 medium 
(Welgene) containing 10% FBS (HyClone; Thermo Fisher 
Scientific, Inc.), 1% penicillin‑streptomycin (Corning, Inc.), 
1 ng/ml recombinant human IL‑6 (BioLegend). After starvation 
of the DS‑1 cells without IL‑6 for 24 h, various concentrations 
of IL‑6 (0, 0.01, 0.05, 0.1, 0.5, 1, 5, and 10 ng/ml) were added 
to 5x04 cells/well and incubated for 72 h. The D‑Plus™ Cell 
Viability Assay Kit (DonginBiotech) was used to assess the 
cell proliferation. Next, 10 µl of the kit reagent was added 

to each well and incubated for 4 h in a CO2 incubator. After 
incubation, the optical density (OD) was measured at 450 nm.

IL‑6 inhibitory bioassay. After starvation of DS‑1 cells without 
IL‑6 for 24 h, various concentrations of bazedoxifene (1, 2.5, 
5, 7.5, 10, 12.5, and 15 µM) (Sigma‑Aldrich; Sigma‑Aldrich; 
Merck KGaA) in the presence of IL‑6 (10 ng/ml) were added 
to 5x104 cells/well and incubated for 72 h. The D‑Plus™ Cell 
Viability Assay Kit (DonginBiotech) was used to measure cell 
proliferation. Next, 10 µl of the kit reagent was added to each 
well and incubated for 4 h in a CO2 incubator. After incuba‑
tion, the OD was measured at 450 nm wavelenth.

Transfection of small interfering RNA (siRNA). siRNAs 
against negative control siRNA (siNC) and STAT3 (siSTAT3) 
were purchased from Genolution (Genolution Pharmaceutical 
Inc.). Cells were seeded in 96‑well plates at a density of 
1x104 cells/well. Cells were transfected with 30 nM siRNA 
in phosphate‑buffered saline (1X PBS); a G‑Fectin Kit 
(Genolution Pharmaceutical Inc.) was used according to the 
manufacturer's instructions. siRNA‑transfected cells were 
used in the in vitro assays 48 h after transfection. The target 
sequences of siNC and siSTAT3 are listed in Table SI. The 
efficiency of siRNA‑based STAT3 knockdown transfection 
was assessed by western blotting and then the cells were used 
for subsequent experiments.

MTT cell viability assay in ovarian cancer cell lines. The 
A2780 cell line was purchased from the European Collection of 
Cell Cultures (ECACC, London, UK). The OVCA433 cell line 
was provided by the Korea Gynecologic Cancer Bank through 
the Bio and Medical Technology Development Program of 
the Ministry of Science, Information and Communication 
Technology, and Future Planning (MSIP). SKOV3 and 
TOV112D cell lines were purchased from the Korean Cell Line 
Bank (KCLB) and American Type Culture Collection (ATCC). 
The subtypes of the ovarian cancer cell lines were as follows: 
A2780, not specified; OVCA433, serous; SKOV3, serous; and 
TOV112D, endometrioid (25). Ovarian cancer cell lines were 
seeded in 96‑well plates at a density of 5,000 cells/well. The 
next day, bazedoxifene (1, 2, 4, 6, 8, and 10 µM), paclitaxel 
(0.005, 0.01, and 0.05 µg/ml) (Bristol‑Myers Squibb), and a 
combination of bazedoxifene and paclitaxel was added in trip‑
licate to the plates for 48 h. The cells were incubated at 37˚C. 
Then, 100 µl of N,N‑dimethylformamide (Sigma‑Aldrich; 
Merck KGaA) solubilisation solution was added to each well 
and incubated for 2 h. After 2 h, the solution was removed by 
suction, and the cells stained with DMSO were lysed. The OD 
was measured at 450 nm wavelength. The half‑maximal inhib‑
itory concentration (IC50) was analysed using the GraphPad 
Prism software (version 7.0; GraphPad Software, Inc.). The 
combination index (CI) was calculated using CompuSyn 
software ver 1.0 (ComboSyn, Inc.). The CI values indicate an 
antagonistic effect when >1, an additive effect when equal to 1, 
and a synergistic effect when <1 (23).

Clonogenic formation assay. Each ovarian cancer cell line 
was seeded at approximately 50,000 cells in a 60‑mm dish. 
After 6 h, bazedoxifene and paclitaxel, and the combination 
of bazedoxifene and paclitaxel were added to the cell medium 
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at each concentration (B: 10 µM, P: 0.05 µg/ml, OVCA433; 
B: 6 µM, P: 0.005 µg/ml, SKOV3; B: 6 µM, P: 0.01 µg/ml, 
A2780; B: 6 µM, P: 0.01 µg/ml, TOV112D). Cells that formed 
colonies within 1 to 3 weeks were fixed with glutaralde‑
hyde (6.0% v/v), stained with crystal violet (0.5% w/v), and 
photographed using a ChemiDoc imaging system (Bio‑Rad 
Laboratories). The intensities of the images were quantified 
using ImageJ software 1.5 a (National Institutes of Health).

Wound‑healing assay and Matrigel invasion assay. Ovarian 
cancer cell lines were grown to approximately 90% in each 
6‑well plate. After starvation in serum‑free medium for 24 h, 
a wound‑healing assay was performed in the same medium. A 
single layer of cells was scraped to form an artificially homo‑
geneous wound. Afterwards, each concentration of the drug 
(B: 10 µM, P: 0.05 µg/ml, OVCA433; B: 6 µM, P: 0.005 µg/ml, 
SKOV3; B: 6 µM, P: 0.01 µg/ml, A2780; B: 6 µM, P: 0.01 µg/ml, 
TOV112D) was administered, and images were captured under 
a microscope [Primo Vert (Carl Zeiss Inc.; x100 magnifica‑
tion] at 0, 24, and 48 h, and the degree of cell migration 
was measured using ImageJ software. All experiments were 
conducted independently in triplicates (19).

Matrigel invasion assays were performed using a 
BD BioCoat Matrigel Invasion Chamber (BD Bioscience). 
Ovarian cancer cell lines (5x104 cells) were seeded inside the 
chamber in serum‑free medium containing 300 µl of drugs. 
Five hundred microlitres of the medium containing serum was 
placed outside the chamber. After 48 h of incubation, the cells 
that infiltrated the chamber were stained using the Differential 
Quik Stain Kit (Diff Quik, Sysmex). Images were captured 
with a microscope [Primo Vert (Carl Zeiss Inc.; x100 magni‑
fication], and the number of cells invading the chamber was 
measured using ImageJ software. All experiments were inde‑
pendently conducted in triplicate.

Western blotting. Cells were lysed in 100 µl of radioimmuno‑
precipitation assay (RIPA) buffer (Thermo Fisher Scientific 
Inc.) and centrifuged at 13,000 x g for 15 min at 4˚C. Protein 
concentration was measured using the Pierce BCA Protein 
Assay Kit (Thermo Fisher Scientific, Inc.). Proteins were 
quantified to 30 ng and boiled in 5X sample buffer, sepa‑
rated on a 10% SDS‑polyacrylamide gel, and transferred to 
polyvinylidene difluoride (PVDF) membranes (Millipore) 
by electrophoresis. The membranes were blocked for 1 h at 
room temperature with 3% BSA in 1X Tris‑buffered saline 
containing 0.1% Tween 20 (Sigma‑Aldrich; Merck KGaA) and 
anti‑β‑actin (cat. no. 8457S; dilution 1:1,000), anti‑estrogen 
receptor α (ERα) (cat. no. 13258S; 1:500), anti‑Mcl‑1 
(cat. no. 5354S; 1:1,000), anti‑Bcl‑xl (cat. no. 2764S; 1:500), 
anti‑Bcl‑2 (cat. no. 3498S; 1:500), anti‑Bax (cat. no. 2772S; 
1:500), anti‑E‑cadherin (cat. no. 3195S; 1:500), anti‑N‑cadherin 
(cat. no. 4061S; 1:500), anti‑β‑catenin (cat.no. 9562S; 
1:1,000), anti‑vimentin (cat. no. 5741S; 1:1,000), anti‑Snail 
(cat. no. 3879S; 1:500), anti‑Twist (cat. no. 69366S; 1:500), 
anti‑Claudin‑1 (cat. no. 4933S; 1:500), anti‑phospho‑STAT3 
(Tyr705) (cat. no. 9131S; 1:500), anti‑STAT3 (cat. no. 12640S; 
1:500), anti‑phospho‑ERK 1/2 (cat. no. 4695S; 1:1,000), 
anti‑ERK 1/2 (cat. no. 9101S; 1:1,000), anti‑phospho‑p38 
(cat. no. 4511S; 1:1,000), anti‑p38 (cat. no. 3690S; 1:1,000), 
anti‑phospho‑Akt (cat. no. 4060L; 1:1,000), anti‑Akt 

(cat. no. 2920S; 1:1,000), anti‑cyclin D1 (cat. no. 2978T; 
1:1,000), anti‑CDK4 (cat. no. 12790T; 1:1,000), anti‑CDK6 
(cat. no. 3136T; 1:1,000), anti‑p21waf1 (cat. no. 2947T; 1:1,000), 
anti‑p27kipl (cat. no. 3686T; 1:1,000), anti‑PARP (cat. no. 9542S; 
1:1,000), and anti‑cleaved caspase‑3 (cat. no. 9661S; 1:1,000) 
(all obtained from Cell Signalling Technologies, Inc.), 
anti‑estrogen receptor β (ERβ) (cat. no. ab3576; 1:1,000) 
(Abcam, Inc,), and anti‑phospho‑GP130 (cat. no. SC‑377572; 
1:500), and anti‑GP130 (cat. no. SC‑376280; 1:500) (Santa Cruz 
Biotechnology, Inc.) antibody was stored at 4˚C overnight. 
An anti‑β‑actin antibody was used as an internal control. 
Membranes were washed with 1X Tris‑buffered saline 
containing 0.1% Tween‑20 (TBST) and incubated with 
AffiniPure goat anti‑rabbit IgG secondary antibody (Jackson 
Immunoresearch) and goat anti‑mouse IgG secondary anti‑
body (Bethyl Laboratories) for 2 h at room temperature. After 
washing again with TBST, an enhanced chemiluminescence 
(ECL) kit (Thermo Fisher Scientific, Inc.) was used to detect 
the signal, and the intensity was quantified using ImageJ 
software. Data were obtained from at least three biological 
replicates (23).

Flow cytometric analysis of apoptosis. For cell death anal‑
ysis, after treatment with bazedoxifene, paclitaxel, or their 
combination for 48 h in ovarian cancer cell lines, the level 
of apoptosis was quantified by flow cytometry. Experiments 
were conducted using the Annexin V‑FITC Apoptosis 
Detection Kit (BD Pharmingen), and apoptosis was analysed 
by flow cytometry. Cells were sorted using a FACSCanto II 
(BD Biosciences), and apoptotic cells were analysed using 
BD FACS Diva software version 6.2 (BD Biosciences). The 
analysis was performed in triplicate (20).

Tumour xenografts in mice. A total of 24 female BALB/c 
nude mice (5 weeks of age, body weight 18‑20 g, Orient Bio) 
were maintained under aseptic conditions with constant at 
25˚C temperature and 50% humidity with a 12/12‑h light/dark 
cycle. (Catholic University protocol). Water and sterile food 
were provided daily at the Catholic University. The animals 
had access to water and food ad libitum. Animal experiments 
were approved by the Institutional Animal Care and Use 
Committee (IACUC) of the Catholic University of Korea 
(approval no. CUK‑IACUC‑2019‑026‑01). All experimental 
work complied with the legal obligations and federal guide‑
lines for the care and maintenance of laboratory animals.

Each mouse received a subcutaneous injection of 
1x107 OVCA433 cells in 100 µl PBS into the dorsal scapula 
area, and the tumour volumes continued to be monitored. 
The tumour size was measured every 3 days by using cali‑
pers, while the bodyweight of the mice was measured. The 
tumours developed 10 days after implantation, and the tumour 
size reached approximately 200 mm3. A total of 24 mice were 
randomly assigned into four groups (n=6 per group). Next, 
the mice were randomly divided into vehicle control, baze‑
doxifene, paclitaxel, and combination groups. Bazedoxifene 
(4 mg/kg) was administered by gavage five times a week, and 
paclitaxel (10 mg/kg) was administered by intraperitoneal 
injection twice weekly (19,26). Calipers were used to measure 
the tumour size once every 2 days. Tumour volume was calcu‑
lated using a simplified equation to estimate the rotational 
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ellipsoid (length x width2 x 0.5). At the end of the experiment, 
the mice were then sacrificed by CO2 inhalation (50% of the 
chamber volume/min). Whenever the gradual displacement 
method is used, the CO2 flow must be maintained for at least 
1 min after respiratory arrest. Each tumour was harvested 
16 days post‑treatment and measured, and the maximum 
tumor diameter did not exceed 2 cm.

Hematoxylin and eosin (H&E) staining. The mice were 
sacrificed 16 days after the drug administration. Tumour 
tissues were collected, fixed in 4% paraformaldehyde for 
24 h, washed in 1X PBS, and embedded in paraffin. Sections 
(2‑µm) were stained with H&E following standard procedures. 
After staining, dehydration was performed. After fixing with 
mineral oil, cover slipping was performed.

Data analysis. Results are presented as mean ± standard devia‑
tion (SD). Data were assessed using Excel and GraphPad Prism 
software (version 7.0; GraphPad Software, Inc.). Two‑way 
ANOVA followed by Bonferroni's post hoc test (multiple 
comparisons) were performed with GraphPad Prism 7.0. P<0.05 
was considered to indicate a statistically significant difference.

Results

Characterisation of bazedoxifene and anti‑IL‑6 activity 
in vitro. Bazedoxifene targets GP130, and in the present study, 

surface plasmon resonance (SPR) analysis was performed to 
monitor its binding affinity to GP130. Recombinant GP130 and 
rIL‑6Rα were covalently cross‑linked to the dextran matrix 
of the CM5 chip, and various concentrations of bazedoxifene 
were passed through the surface and the reference surface. To 
investigate the association between GP130 binding affinity and 
anticancer activity, response units (RU) for each concentration 
of bazedoxifene were detected by SPR analysis (Fig. 1A). An 
established SPR‑based biosensor assay was used to investigate 
the ability of bazedoxifene to bind GP130. A single binding site 
model was fitted to the data to calculate the KD value of baze‑
doxifene at 182.7 µM (Fig. 1B). Solvent‑corrected binding curve 
fit was analysed using the Biacore evaluation software. The 
IL‑6Rα data are shown in Fig. S1. Interestingly, bazedoxifene has 
a higher binding affinity for GP130. The IL‑6‑dependent DS‑1 
cell line was confirmed to be dependent on IL‑6, and the optimal 
IL‑6 concentration for inhibition analysis was determined to be 
10 ng/ml (Fig. 1C). To confirm whether bazedoxifene inhib‑
ited cell proliferation by blocking the binding of IL‑6/GP130, 
different concentrations of bazedoxifene were added to DS‑1 
cells treated with IL‑6 (10 ng/ml). The proliferation of cells was 
inhibited by bazedoxifene in a concentration‑dependent manner 
(Fig. 1D). The results showed that bazedoxifene inhibited cell 
proliferation by inhibiting the binding of IL‑6 to GP130.

Bazedoxifene, paclitaxel and their combination inhibit cell 
viability and proliferation of ovarian cancer cells. It was 

Figure 1. Characterisation of bazedoxifene and anti‑IL‑6 activity in vitro. (A) For surface plasmon resonance (SPR) analysis, bazedoxifene binding to GP130 
was immobilised on a CM5 sensor chip and bazedoxifene was injected into the flow cells. (B) T‑200 BIA evaluation software was used to subtract the refer‑
ences and determine the steady‑state KD. (C) The IL‑6‑dependent proliferation of DS‑1 cells. DS‑1 cells were incubated with various concentrations of IL‑6 
for 72 h for the CCK‑8 assay; 10 ng/ml IL‑6 was determined as the optimal concentration for subsequent IL‑6 inhibitory assays. (D) Inhibition of IL‑6‑induced 
proliferation of DS‑1 cells by bazedoxifene. DS‑1 cells were incubated with IL‑6 (10 ng/ml) in the presence of different concentrations of bazedoxifene 
(*P<0.05, **P<0.01, ***P<0.001). IL‑6, interleukin 6.
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next investigated whether bazedoxifene inhibits the growth 
of human ovarian cancer cell lines. OVCA433, SKOV3, 
A2780, and TOV112D cells were treated with bazedoxifene at 
different concentrations in triplicate for 48 h and processed for 
MTT assay to analyse cell viability (Figs. 2A and S2A). Cell 
viability of OVCA433, SKOV3, A2780, and TOV112D cells 
were decreased by bazedoxifene in a concentration‑dependent 
manner. To explore the synergistic inhibitory effects of 

bazedoxifene and paclitaxel on ovarian cancer cells, cells were 
treated with bazedoxifene, paclitaxel, or their combination in 
triplicate for 48 h. Cell viability was further inhibited in the 
combined group compared to the monotherapy group, with 
respective IC50 values of 17.2, 8.99, 14.7 and 4.56 µM (Figs. 2B 
and S2B). The combination index (CI) values of all combina‑
tion treatments were <1, suggesting that combined treatment 
with bazedoxifene and paclitaxel and bazedoxifene‑sensitized 

Figure 2. Bazedoxifene, paclitaxel and their combination inhibit cell viability and proliferation of ovarian cancer cells. (A) Ovarian cancer OVCA433 and 
SKOV3 cells were treated with bazedoxifene at different concentrations in triplicate for 48 h and processed for MTT assay to analyse cell viability (*P<0.05, 
**P<0.01, ***P<0.001). (B) Ovarian cancer OVCA433 and SKOV3 cells were treated with bazedoxifene (B), paclitaxel (P) and their combination (B+P) at the 
indicated concentrations in triplicate for 48 h and processed for MTT assay to analyse cell viability (*P<0.05, **P<0.01, ***P<0.001). (C) Colony formation assay 
revealed that the combination of bazedoxifene and paclitaxel (B+P) significantly reduced the colony growth of ovarian cancer OVCA433 and SKOV3 cells. 
Data are representative of results obtained from three independent proliferation assays and three replicates were analysed in each assay (*P<0.05, **P<0.01, 
***P<0.001). CI, combination index.
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ovarian cancer cells were synergistic in combination treatment 
with paclitaxel. To confirm the anticancer ability of the drug 
in ovarian cancer cell lines, a clonogenic formation assay was 
performed (Figs. 2C and S2C). The clonogenic ability was 
significantly reduced in the group treated with bazedoxifene 
and paclitaxel alone, compared to the group treated with 
DMSO. In the group treated with bazedoxifene and paclitaxel, 
colony formation was significantly suppressed compared to 
that in the group treated with either drug alone. This suggests 
that the combination treatment of bazedoxifene and paclitaxel 
exerts a synergistic effect on ovarian cancer cells.

Bazedoxifene and paclitaxel or their combination inhibits 
migration and invasion in ovarian cancer cells. OVCA433 
and SKOV3 cells were treated with bazedoxifene, paclitaxel, 
or their combination and allowed to migrate to the scratched 
area for 0, 24, and 48 h. The yellow line indicates the width 
of the wound. The percentage of the migrating area in the 
wound‑healing assay was quantified in OVCA433 and SKOV3 
cells. Cell migration was significantly inhibited at 48 h in 
both bazedoxifene and paclitaxel, and bazedoxifene and 
paclitaxel combination treatment groups compared with the 
DMSO‑treated control group. Among them, the group treated 
with bazedoxifene and paclitaxel showed more significant inhi‑
bition of cell migration (Fig. 3A). The Matrigel invasion assay 
was used to determine the invasion after 48 h in OVCA433 and 
SKOV3 cells treated with the combination of drugs. Compared 
with the control group treated with DMSO, cell invasion was 
significantly suppressed in both bazedoxifene and paclitaxel 
alone and bazedoxifene and paclitaxel combination treatment 
groups. In the group treated with bazedoxifene and paclitaxel, 
cell invasion was significantly suppressed compared to that 
in groups treated with bazedoxifene and paclitaxel alone 
(Fig. 3B). A2780 and TOV112D cells showed significant 
results (Fig. S3), suggesting that bazedoxifene and paclitaxel 
inhibited migration and invasion, respectively. However, their 
combination exerted more effective inhibitory effects on 
migration and invasion.

Bazedoxifene suppresses the expression of p‑STAT3 and 
estrogen receptors in ovarian cancer cells. Bazedoxifene is 
a selective estrogen receptor (ER) modulator, and research on 
potential novel GP130 inhibitors is currently underway. We 
aimed to elucidate the mechanism by which bazedoxifene 
inhibits STAT3 signalling by targeting GP130 in ovarian 
cancer. As shown in Fig. 4A, SKOV3 cells were found to 
express ERα, while the other cell lines tested exhibited 
no ERα expression. In addition, STAT3 phosphorylation 
(p‑STAT3) was not observed in the A2780 and TOV112D cell 
lines. Accordingly, it is thought that there is a difference in the 
degree of drug response depending on the presence or absence 
of ERs. IL‑6 is known to induce STAT3 phosphorylation, and 
we attempted to determine whether bazedoxifene can inhibit 
IL‑6‑induced STAT3 phosphorylation. A2780 and TOV112D 
cells that did not express phosphorylated STAT3 in serum‑free 
medium for 24 h were used. In this study. It was found that IL‑6 
stimulated the phosphorylation of STAT3 and that bazedoxi‑
fene decreased phosphorylation in a dose‑dependent manner 
(Fig. 4B). The mechanism by which bazedoxifene inhibits the 
phosphorylation of STAT3 in the ER‑positive ovarian cancer 

cell line SKOV3 was subsequently investigated. Bazedoxifene 
downregulated the expression of ERα and p‑STAT3 induced 
by IL‑6 in SKOV3 cells. It was also confirmed that phos‑
phorylation of STAT3 induced by IL‑6 was inhibited as the 
concentration of bazedoxifene increased in OVCA433 cells, 
which are ER‑negative cells (Fig. 4C). Thus, we found that 
bazedoxifene inhibited STAT3 phosphorylation with and 
without ERs.

OVCA433 and SKOV3 cells were transfected with four 
different sequences of siSTAT3 (si1, si2, si3, and si4), and 
siSTAT3‑4 showed the maximum inhibitory activity against 
STAT3 in the OVCA433 and SKOV3 cell lines (Fig. 4D). To 
confirm the ability of bazedoxifene to inhibit cell proliferation 
and migration and to test whether this effect is dependent on 
STAT3, the inhibitory effect of bazedoxifene on the prolifera‑
tion and migration of OVCA433 and SKOV3 cells transfected 
with siSTAT3 was investigated (Figs. 4E and S4). We found 
that bazedoxifene had no significant effect on siSTAT3 
cells. These results indicate that bazedoxifene is an inhibi‑
tory target of the STAT3 signalling pathway in ER‑positive 
and ‑negative ovarian cancer cells. The whole western 
membrane and expression levels are shown in Fig. S5.

Combined bazedoxifene and paclitaxel inhibits IL‑6‑induced 
phosphorylation of GP130, STAT3, ERK1/2 and EMT in 
ovarian cancer cells. The effect of bazedoxifene binding 
to GP130 on STAT3 signalling, a sub‑signaling pathway 
of GP130, was investigated. Ovarian cancer cell lines were 
starved for 24 h and treated with bazedoxifene, paclitaxel, 
and a combination of bazedoxifene and paclitaxel for 6 h. 
Next, to evaluate the effect on sub‑signaling, IL‑6 (100 ng/ml) 
was added for 15 min, and p‑GP130, p‑STAT3, p‑Akt, p‑p38 
MAPK, p‑ERK 1/2, and EMT‑related antibodies were 
detected by western blotting (Fig. 5). Compared with the 
control group treated with only IL‑6, the phosphorylation of 
GP130 (p‑GP130), STAT3 (p‑STAT3), ERK1/2 (p‑ERK1/2), 
Akt (p‑Akt), and p38 MAPK (p‑p38‑MAPK) was decreased 
in the bazedoxifene and paclitaxel alone group, and further 
decreased in the combined treatment group (Fig. 5A). The 
whole western membrane and expression levels are shown 
in Figs. S6 and S7. A2780 and TOV112D cells also showed 
significant results (Fig. S8A). The whole western membrane 
and expression levels are shown in Figs. S9 and S10. To confirm 
whether STAT3 signalling by drugs affected EMT, the expres‑
sion of EMT markers N‑cadherin, E‑cadherin, β‑catenin, 
vimentin, Snail, Twist, and Claudin‑1 was assessed by western 
blotting. The combination treatment of bazedoxifene and 
paclitaxel inhibited EMT‑related protein expression, with 
significant differences in the expression of vimentin, Snail, 
Twist, and Claudin‑1 in OVCA433 and SKOV3 cells (Fig. 5B). 
The whole western membrane and expression levels are shown 
in Figs. S11 and S12. A2780 and TOV112D cells showed 
significant results (Fig. S8B). The whole western membrane 
and expression levels are shown in Figs. S13 and S14. These 
results showed that bazedoxifene and paclitaxel inhibited the 
signalling of GP130/STAT3 and EMT, and the combination 
treatment significantly inhibited this effect.

Bazedoxifene combined with paclitaxel induces growth arrest 
and apoptosis. It was demonstrated that bazedoxifene inhibits 
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the survival, migration, and metastasis of cancer cells by inhib‑
iting IL‑6/GP130/STAT3 signalling. Furthermore, whether 
bazedoxifene affects the cell cycle and apoptosis in ovarian 
cancer cells was assessed. As observed through western 

blot analysis, cyclin D1, CDK4, and CDK6 were signifi‑
cantly decreased, and p21 and p27 were slightly increased 
in OVCA433 and SKOV3 cells treated with bazedoxifene 
and paclitaxel alone and the combination treatment. These 

Figure 3. Bazedoxifene and paclitaxel or their combination inhibit the migration and invasion of ovarian cancer cells. (A) Ovarian cancer OVCA433 and 
SKOV3 cells were treated with bazedoxifene (B), paclitaxel (P) or their combination (B+P) and allowed to migrate to the scratched area for 48 h. Yellow 
coloured lines indicate a gap in the scratched area. The percentage of the migrating area in the wound‑healing assay quantified in OVCA433 and SKOV3 cells 
is shown (*P<0.05, **P<0.01, ***P<0.001). (B) Matrigel invasion assay was used to determine the invasion after 48 h of treatment of OVCA433 and SKOV3 
cells with a combination of bazedoxifene and paclitaxel (B+P). Bars indicate the mean ± standard deviation of three independent experiments performed in 
triplicate (*P<0.05, **P<0.01, ***P<0.001).
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results showed that treatment with bazedoxifene alone or in 
combination with paclitaxel induced cell cycle arrest (Fig. 6A). 
In addition, we demonstrated an apoptotic effect in ovarian 
cancer cells treated with bazedoxifene and paclitaxel alone or 
in combination. Paclitaxel, an anticancer drug, is an anthra‑
cycline drug that suppresses cancer by inducing apoptosis. In 
the above experiments, bazedoxifene significantly inhibited 
the viability of ovarian cancer cell lines. The combination 
of bazedoxifene and paclitaxel reduced the levels of Mcl‑1, 

Bcl‑xl, and Bcl‑2, and significantly increased the levels of Bax 
in the ovarian cancer OVCA433 and SKOV3 cells (Fig. 6B). 
The whole western membrane and expression levels are shown 
in Figs. S15 and S16. Moreover, flow cytometry analysis using 
Annexin V‑fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) double staining revealed that the combined treat‑
ment of bazedoxifene and paclitaxel significantly induced the 
apoptosis of OVCA433 and SKOV3 cells (Fig. 6C and D). 
A2780 and TOV112D cells also showed significantly increased 

Figure 4. Bazedoxifene inhibits the expression of phospho‑STAT3 and estrogen receptor in ovarian cancer cells. (A) Expression of phospho‑STAT3 (p‑STAT3) 
and estrogen receptors (ERα and ERβ) was confirmed in ovarian cancer cell lines. (B) After phosphorylation was induced with IL‑6 (100 ng/ml) in A2780 
and TOV112D cells that did not express p‑STAT3, bazedoxifene was administered at different concentrations, showing that p‑STAT3 was inhibited following 
treatment. (C) The degree of p‑STAT3 inhibition was confirmed according to the concentration of bazedoxifene in the ER‑negative OVCA433 and ER‑positive 
SKOV3 cells. (D) Suppression of p‑STAT3 was confirmed by knockdown of STAT3 expression using siRNA. (E) The inhibitory effect of bazedoxifene on the 
proliferation of OVCA433 and SKOV3 cells after transfection with siNC or siSTAT3‑4 is shown (*P<0.05, **P<0.01, ***P<0.001; NS, not significant). STAT3, 
signal transducer and activator of transcription 3; NC, negative control.
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apoptosis following treatment with the combination of pacli‑
taxel and bazedofixene (Fig. S17). These results confirmed 
that both bazedoxifene and paclitaxel induced apoptosis, and 
apoptosis increased significantly when both drugs were used 
together.

Combined bazedoxifene and paclitaxel inhibits OVCA433 
tumour growth in vivo. OVCA433 cells (1x107) were injected 

subcutaneously into BALB/c nude mice with an equal volume 
of phosphate‑buffered saline (PBS). When tumours reached 
a volume of 200 mm3, bazedoxifene (4 mg/kg) was adminis‑
tered with 0.05% CMC and 5% DMSO as a vehicle by gavage 
five times a week, and paclitaxel (10 mg/kg) was administered 
by intraperitoneal injection twice weekly. Tumour volumes 
were calculated using caliper measurements (n=6 mice per 
treatment group) (Fig. 7A). After 16 days of treatment, all 

Figure 5. The combination of bazedoxifene and paclitaxel inhibits the expression of phosphorylated (p)‑GP130, p‑STAT3, p‑ERK1/2 and EMT‑related proteins 
in ovarian cancer cells. (A) Combined bazedoxifene and paclitaxel decreased the expression of p‑GP130, p‑STAT3 and p‑ERK 1/2 in ovarian cancer OVCA433 
and SKOV3 cells. (B) Effect of combined treatment with bazedoxifene and paclitaxel on N‑cadherin, E‑cadherin, β‑catenin, vimentin, Snail, Twist, and 
Claudin‑1 on EMT marker in OVCA433 and SKOV3 cells. EMT, epithelial‑mesenchymal transition
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Figure 6. Bazedoxifene combined with paclitaxel induce the growth arrest and apoptosis of ovarian cancer cells more significantly than either drug alone. 
(A) Combined treatment with bazedoxifene and paclitaxel decreased the expression of cyclin D1, CDK4, CDK6, and increased the expression of p21 and p27 
in ovarian cancer OVCA433 and SKOV3 cells. (B) Combined bazedoxifene and paclitaxel decreased the expression of Mcl‑1, Bcl‑xl, Bcl‑2, and increased 
the expression of Bax in OVCA433 and SKOV3 cells. (C and D) OVCA433 and SKOV3 cells were treated with bazedoxifene (B) or/and paclitaxel (P/B+P) in 
triplicate for 48 h to detect cell apoptosis using FITC Annexin V apoptosis Kit (*P<0.05).
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Figure 7. Combined bazedoxifene and paclitaxel inhibits ovarian cancer OVCA433 tumour growth in vivo. OVCA433 cells (1x107) were injected subcutane‑
ously into Balb/c‑nude mice with an equal volume of PBS. When tumours reached a volume of 200 mm3, bazedoxifene (4 mg/kg) with a vehicle of 0.05% CMC 
and 5% DMSO was administered by gavage five time a week, and paclitaxel (10 mg/kg) was administered by intraperitoneal (i.p.) injection twice weekly. 
(A) Tumour volumes were calculated from caliper measurements. (B) After 16 days of treatment, all mice were sacrificed, and the total mass (in mg) of each 
tumour was determined at autopsy (n=6 mice per treatment group). (C) The tumour masses were excised for comparison among the groups. (D) The mouse 
body weights were assessed on the days indicated. (E) To assess IL‑6 production per serum in mouse blood, the total amount of IL‑6 was normalised by 
the vehicle in the different treatment groups (*P<0.05, **P<0.01, ***P<0.001). (F) Hematoxylin and eosin (H&E) staining results show the anticancer effect of 
combined bazedoxifene and paclitaxel on ovarian cancer. (G) The phosphorylation levels (p) of GP130, STAT3 and ERK1/2 were determined using western 
blotting of the harvested tumour tissue. β‑actin served as the loading control. (H) The protein levels of N‑cadherin, E‑cadherin, β‑catenin, Vimentin, Snail, 
Twist and Claudin‑1 were determined using western blotting of the harvested tumour tissue. β‑actin served as the loading control. STAT3, signal transducer 
and activator of transcription 3; GP130, glycoprotein 130.
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mice were sacrificed, and the total mass of each tumour was 
determined at autopsy. The tumour mass was excised for 
comparison between groups (Fig. 7B and C). There was no 
change in the body weight of the mice during the drug treat‑
ment period (Fig. 7D). To assess IL‑6 production per serum in 
mouse blood, the total amount of IL‑6 was normalised to that of 
the vehicle (Fig. 7E). Histological examination revealed fewer 
cells with large nucleoli and irregular nuclear membranes in 
the drug‑treated group than in the vehicle group, especially 
in the drug combination group (Fig. 7F). The phosphoryla‑
tion levels of GP130, STAT3, and ERK were determined 
by western blotting of the harvested tumour tissue. β‑actin 
served as a loading control. The protein levels of N‑cadherin, 
E‑cadherin, β‑catenin, vimentin, Snail, Slug and Claudin‑1 
were determined by western blotting of the harvested tumour 
tissue. β‑actin served as a loading control (Fig. 7G and H). The 
whole western membrane and expression levels are shown in 
Figs. S18 and S19. The results of experiments using a xeno‑
graft mouse model showed that the combination treatment of 
bazedoxifene and paclitaxel significantly reduced the tumour 
volume and weight. In addition, GP130/STAT3 signalling and 
EMT signalling were inhibited by the combination treatment 
in mouse tumour tissues. This supports the results of the 
in vitro experiments.

Discussion

Interleukin‑6 (IL‑6) plays several roles in haematopoiesis and 
regeneration. In addition, its function plays a central role in 
cancer progression and development. The expression of IL‑6 
is upregulated in several malignancies, and enhanced IL‑6 
signalling increases IL‑6 expression by inducing sustained 
activation of the transcription factor signal transducer and 
activator of transcription 3 (STAT3). Therefore, it provides a 
tumour microenvironment that promotes tumour growth (27). 
IL‑6 is known to be involved in cancer progression and resis‑
tance in a variety of cancers and is involved in sub‑STAT3 
signalling (28,29). IL‑6 signalling is induced by the binding of 
IL‑6 to IL‑6R. IL‑6, which is complexed with IL‑6R, binds to 
glycoprotein 130 (GP130), known as IL‑6R, with high affinity 
and activates the homodimer (30). Because GP130 is located 
in the middle of this oncogenic signalling network, blocking 
GP130 can be an important treatment method for suppressing 
carcinogenesis and tolerance. However, several drugs that 
inhibit GP130 have not been developed, and studies on cancer 
have not been conducted. Currently, SC144 is an inhibitor of 
GP130 in ovarian cancer, and studies have been conducted on 
cancer inhibition and resistance (31).

Bazedoxifene, a GP130 inhibitor, has been used as a selec‑
tive estrogen modulator (SERM) drug to prevent and treat 
osteoporosis in women after menopause. Recently, it was 
discovered that it selectively inhibits IL‑6‑induced STAT3 
phosphorylation in the GP130/JAK/STAT3 signalling pathway 
in cancer (18). Using surface plasmon resonance (SPR), we 
confirmed that bazedoxifene binds to GP130 through inter‑
molecular interactions. To confirm that binding to GP130 
inhibited the binding of IL‑6, we examined whether IL‑6 was 
inhibited by the IL‑6‑dependent cell line DS‑1. The results 
showed that IL‑6 inhibition increased with increasing concen‑
trations of bazedoxifene.

We aimed to determine whether bazedoxifene selectively 
inhibits IL‑6‑induced STAT3 phosphorylation through the 
GP130/JAK/STAT3 signalling pathway in ovarian cancer. 
IL‑6‑mediated STAT3 phosphorylation in A2780 and 
SKOV3 cells, where STAT3 phosphorylation is absent in 
ovarian cancer, was inhibited by bazedoxifene. In addition, 
it was confirmed that STAT3 phosphorylation was inhibited 
through inhibition of the STAT3 signalling pathway even in 
the absence of estrogen receptors (ERs), which are the targets 
of bazedoxifene. This demonstrates that bazedoxifene inhibits 
the IL‑6/GP130/STAT3 signalling pathway with and without 
ERs in ovarian cancer.

To confirm the effect of bazedoxifene on ovarian cancer cell 
lines, the cells were treated with bazedoxifene at each concen‑
tration. The survival of ovarian cancer cells was inhibited by 
increasing the concentration of bazedoxifene. Thus, bazedoxi‑
fene could be used to inhibit the growth of ovarian cancer cells, 
and the combined effect of bazedoxifene and paclitaxel could 
be used as an anticancer agent. Subsequently, we investigated 
the binding effect of bazedoxifene and paclitaxel on the migra‑
tion and invasion of cancer cells. Both migration and invasion 
showed decreased results compared with the control group, 
even with single treatment, and decreased further with the 
combination treatment. The results showed that bazedoxifene 
suppressed survival, migration, and invasion by a combination 
treatment with paclitaxel.

Survival, migration, and invasion were inhibited by 
bazedoxifene‑mediated inhibition of GP130 through the 
STAT3 signalling system. The results demonstrated that the 
phosphorylation of GP130, STAT3, and ERK1/2 was inhibited 
in combination with bazedoxifene, paclitaxel, and bazedoxi‑
fene and paclitaxel. STAT3 is continuously activated in several 
types of cancers, and is associated with the incidence and 
progression of cancer, as well as the prognosis of cancer 
patients (28,32). Constitutive STAT3 activation not only has 
intrinsic consequences for tumour cells but also affects the 
extracellular matrix (ECM) of the tumour microenvironment 
and stromal cells, thereby increasing the survival, prolif‑
eration, migration, and invasiveness of tumour cells and their 
tumor‑promoting activity (33). Thus, bazedoxifene inhibited 
IL‑6‑induced phosphorylation of STAT3 and inhibited the 
expression of genes downstream of IL‑6. Because it could 
affect the tumour microenvironment, the effect on EMT in the 
tumour microenvironment was confirmed. In the EMT signal‑
ling pathway, bazedoxifene and paclitaxel inhibited EMT, and 
the combination treatment showed greater inhibition.

We demonstrated that bazedoxifene inhibits the survival, 
migration, and metastasis of cancer cells by inhibiting 
IL‑6/GP130/STAT3 signalling. STAT3 plays a central role 
in Gp130‑mediated cell growth, survival, and differentiation. 
STAT3 is activated by various oncogenes and is involved in 
cell growth and differentiation through G1 to S phase cell cycle 
regulation (34). Apoptosis is an essential sign of cell death and 
is associated with the development of several tumours (35). 
Paclitaxel, an anticancer drug, induces apoptosis by stabilising 
microtubule dynamics (36‑38). In addition, constitutive activa‑
tion of STAT3 induces resistance to apoptosis, presumably by 
upregulating the expression of survivin, Bcl‑xl, and Bcl‑2 (39). 
We investigated whether bazedoxifene affected cell growth 
and differentiation through GP130/STAT3 inhibition. Thus, it 
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was confirmed that the drug alone or combination treatment 
inhibited the growth and differentiation of cells. We found 
that cyclin D1, CDK4, and CDK6 decreased significantly, and 
p21 and p27 increased slightly in the cell treated with baze‑
doxifene and paclitaxel alone and in the combination group. 
We also investigated the apoptotic effects of bazedoxifene and 
paclitaxel. In the above experiment, bazedoxifene significantly 
inhibited the viability of ovarian cancer cell lines. These 
results confirmed that both bazedoxifene and paclitaxel 
induced apoptosis, and apoptosis significantly increased when 
both drugs were used together.

In addition, we found that bazedoxifene inhibited the 
growth of transplanted tumours in immunosuppressed mice, 
improved the sensitivity of traditional anticancer drugs, and 
exerted synergistic effects. The expression of STAT3 signal‑
ling and EMT was more inhibited in the group treated with 
the combination of bazedoxifene and paclitaxel as compared 
to the single treatment group.

In this study, we investigated the effect of bazedoxi‑
fene on cancer cell growth and metastasis by inhibiting 
IL‑6/GP130/STAT3 signalling in ovarian cancer cells. 
Furthermore, we investigated the effect of bazedoxifene alone 
or in combination with paclitaxel on the growth and metas‑
tasis inhibition of ovarian cancer. Bazedoxifene increased the 
sensitivity of ovarian cancer cells to paclitaxel. The antitu‑
mour effect of the combination of bazedoxifene and paclitaxel 
significantly improved the therapeutic efficacy of ovarian 
cancer. This suggests its potential as an adjuvant for anticancer 
drugs.

In conclusion, in this study, bazedoxifene inhibited IL‑6 
by binding to GP130. Bazedoxifene inhibited cell survival in 
ovarian cancer cells, and combination therapy with bazedoxi‑
fene and paclitaxel further inhibited cell survival, migration, 
and invasion compared to treatment with either drug alone. In 
addition, combination treatment with bazedoxifene and pacli‑
taxel inhibited the IL‑6‑mediated GP130/STAT3 signalling 
pathway, induced apoptosis in ovarian cancer cells, and inhib‑
ited EMT. Tumour growth was suppressed in human ovarian 
cancer xenografts. These results suggest that bazedoxifene 
can be a novel therapeutic agent for ovarian cancer treatment, 
and can be used as an adjunct to the existing anticancer drug, 
paclitaxel.
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