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Abstract

Background: Elevated production of the pro-inflammatory cytokine interleukin-6 (IL-6) and 

dysfunction of IL-6 signaling promotes tumorigenesis and are associated with poor survival 

outcomes in multiple cancer types. Recent studies showed that the IL-6/GP130/STAT3 signaling 

pathway plays a pivotal role in pancreatic cancer development and maintenance.

Objective: We aim to develop effective treatments through inhibition of IL-6/GP130 signaling in 

pancreatic cancer.

Method: The effects on cell viability and cell proliferation were measured by MTT and BrdU 

assays, respectively. The effects on glycolysis was determined by cell-based assays to measure 

lactate levels. Protein expression changes were evaluated by western blotting and 

immunoprecipitation. siRNA transfection was used to knock down estrogen receptor α gene 

expression. Colony forming ability was determined by colony forming cell assay.

Results: We demonstrated that IL-6 can induce pancreatic cancer cell viability/proliferation and 

glycolysis. We also showed that a repurposing FDA-approved drug bazedoxifene could inhibit the 

IL-6/IL-6R/GP130 complexes. Bazedoxifene also inhibited JAK1 binding to IL-6/IL-6R/GP130 

complexes and STAT3 phosphorylation. In addition, bazedoxifene impeded IL-6 mediated cell 
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viability/proliferation and glycolysis in pancreatic cancer cells. Consistently, other IL-6/GP130 

inhibitors SC144 and evista showed similar inhibition of IL-6 stimulated cell viability, cell 

proliferation and glycolysis. Furthermore, all three IL-6/GP130 inhibitors reduced the colony 

forming ability in pancreatic cancer cells.

Conclusion: Our findings demonstrated that IL-6 stimulates pancreatic cancer cell proliferation, 

survival and glycolysis, and supported persistent IL-6 signaling is a viable therapeutic target for 

pancreatic cancer using IL-6/GP130 inhibitors.

Keywords

IL-6/GP130 signaling; bazedoxifene; pancreatic cancer; cell viability; cell proliferation; 
glycolysis; colony forming

1. INTRODUCTION

Pancreatic cancer is a lethal malignancy with poor prognosis and little treatment options, and 

is expected to surpass colon cancer, becoming the second leading cause of cancerrelated 

deaths by the year 2030 [1]. About 53,670 people are expected to be diagnosed with 

pancreatic cancer and estimated about 43,090 people will die of pancreatic cancer in the 

United States in 2017. Currently, there are no validated treatment approaches for pancreatic 

cancer, and surgery remains the only option for therapy, despite only a minority of patients 

deemed eligible [2]. The standard therapy for advanced pancreatic cancer is the combination 

of gemcitabine and nab-paclitaxel (mGNabP) or aggressive chemotherapy, such as 

FOLFIRINOX (combination of 5-FU, leu-covorin, oxapliplatin and irinotecan) in the 

curative stage [3–6]. Although effective, these regimens are linked to noticeable cumulative 

hematological toxicities and cost. Searching for novel strategies with potential for long-term 

clinical relevance and cures for pancreatic cancer remains an urgent task.

Interleukin-6 (IL-6) is the archetypal member of the GP130-related cytokine family, and is 

known as a regulator by the involvement in inflammation response, immune defense as well 

as in modulation of development and differentiation in many human malignancies [7–9]. 

IL-6 also controls homeostatic functions, including regulation of glucose metabolism [10]. 

IL-6 fulfills its pleiotropic effects by binding a non-signaling α-receptor (IL-6R) to recruit 

GP130 homodimer and form IL-6/IL-6R/GP130 hexamer, initiating intra-cellular signaling 

cascades consisting of the JAK/STAT (Janus kinase/signal transducer and activator of 

transcription), Ras/Raf/MEK/MAPK (mitogen-activated protein kinase), and PI3K/AKT 

(phosphatidylinositol 3-kinase, a serine/threonine kinase) pathways [11,12]. JAK/STAT 

signaling is considered as the most prominent and accumulating evidence indicates that 

IL-6/JAK/STAT3 signaling pathway is activated in a variety of common solid tumors 

contributing to cancer progression [13–17]. In light of this, inhibition of IL-6/JAK/STAT3 

signaling might be a new cancer therapeutic option, and IL-6 and IL-6R blocking antibodies, 

JAK inhibitors as well as STAT3 inhibitors have been explored [16,18–22]. Many IL-6 

ligand binding antibodies and IL-6R blocking antibodies have been developed and are 

recently in clinical trials. However, dramatically increases in systemic IL-6 and risk of 

infections were observed [23].
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Numerous studies unveiled that excess production of IL-6 and dysfunction of IL-6 signaling 

pathway, particularly the IL-6/JAK/STAT3 signaling pathway was strongly associated with 

the human pancreatic cancer development and progression [24–26]. A recent study 

conducted on genetically engineered mouse models demonstrated the significance of 

impediment of IL-6/JAK/STAT3 pathway to prevent pancreatic cancer progression [27]. 

New functions of classical small molecular inhibitors play critical roles in drug discovery. In 

our previous studies, FDA-approved drug bazedoxifene has been re-purposed as a novel 

small molecular inhibitor of trimetric IL-6/IL-6R/GP130 complex, resulting in apoptosis and 

suppressing tumor growth in human cancer cell lines and a xenograft model [28, 29]. The 

objective of our study is to evaluate the efficacy of bazedoxifene on IL-6/IL-6R/GP130 and 

functions in pancreatic cancer cells. As a result, bazedoxifene not only selectively inhibited 

IL-6 induced cell viability, cell proliferation and glycolysis, but also blocked colony 

formation, supporting that bazedoxifene could be a potent inhibitor against the IL-6/GP130 

signaling in pancreatic cancer cells.

2. METHOD

2.1. Cell Culture and Reagents

Human pancreatic cancer cell lines (PANC-1, HPAF-II, Capan-1, BxPC-3, and MIA 

PaCa-2) were purchased from the ATCC. Short-term cultured primary murine pancreatic 

cancer cell lines (8–365APR and 22–614APR) from a clinically relevant p16lox/lox; LSL-
KrasGI2D; Pdx1-Cre genetically engineered mouse model were provided by Dr. Gloria H. Su 

at Columbia University Medical Center. Cells were cultured in 1 × Dulbecco’s Modification 

of Eagle’s Medium (DMEM) (Mediatech, #10013 CV) supplemented with 10% fetal bovine 

serum (FBS) (Atlanta Biologicals, #S11150) and 1% Penicillin/Streptomycin (P/S) (Sigma, 

#P0781) in incubators with 5% CO2 at 37 °C.

All reagents in the study are as follows: recombinant human IL-6 (Cell Signaling 

Technology, #8904SF), recombinant mouse IL-6 (Cell Signaling Technology, #5216SF), 

bazedoxifene (Sigma, #PZ0018), SC144 (Sigma, #SML 0763), evista (Sigma, #R1402), 

dimethyl sulfoxide (DMSO) (Sigma, #D2650), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) (Sigma, #M5655), N, N-dimethylformamide (DMF) 

(Fisher, #D119–4) and crystal violet (Sigma, #C6158). The stock solution of drugs was 

prepared by transferring 10 mg to the DMSO at a concentration of 20 mM. IL-6 powder was 

dissolved in sterile PBS to make a 100 ng/μL stock solution. Aliquots of the stock solutions 

were stored at −20 °C. All other chemicals used were analytical grade without purification.

2.2. MTT Assay

Cells were seeded in 96-well plates at a density of 3,000 cells per well in triplicate and 

allowed to adhere overnight. Cells were treated with IL-6 and/or other inhibitors with 

different concentrations in the presence of 0% FBS medium for 48 hours at 37 °C. MTT (20 

μL, 5 mg/mL) was added to each well. The plates were incubated at 37 °C for 4 hours 

followed by the addition with 150 μL of DMF solubilization solution at gentle shaking 

overnight. Absorbance was measured at 595 nm.
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2.3. BrdU (Bromodeoxyuridine) Cell Proliferation Assay

Cell proliferation was measured using BrdU Cell Proliferation Assay Kit (Cell Signaling 

Technology, # 6813S). Cells were seeded in 96-well plates at a density of 8,000 cells per 

well in triplicate and incubated overnight in DMEM, starving overnight with serum free 

medium before being exposed to serial dilutions of IL-6 and/or inhibitors for 24 hours at 37 

°C to induce proliferation and incorporation of BrdU during S-phase. The rest of procedure 

was performed following the manufacturer’s instructions. The BrdU incorporation was 

detected at 450 nm.

2.4. Western Blotting Assay

Cells were washed with cold PBS and harvested with a rubber scraper after the desired 

treatment. Cell pellets were kept on ice and lysed for 20 minutes in cell lysis buffer (Cell 

Signaling Technology, #9803) contained Tris-HCl (20 mM, pH 7.5), NaCl (150 mM), 

Na2EDTA (1 mM), EGTA (1 mM), Triton (1%), sodium pyrophosphate (2.5 mM), β-

glycerophosphate (1 mM), Na3VO4 (1 mM) and leupeptin (1 μg/mL) with protease and 

phosphatase inhibitors. The lysates were cleared by centrifugation, and the supernatant 

fractions were collected. Subsequently, cell lysates were separated by 10% SDS-PAGE and 

subjected to western blotting analysis with 1:1,000 dilutions of primary antibodies and 

1:10,000 horseradish peroxidase-conjugated secondary antibodies. Rabbit primary 

antibodies against phosphorylated STAT3 (Y705), phosphorylated AKT (Ser473), 

phosphorylated p44/42 MAPK (ERK1/2) (Thr202/Tyr204), STAT3, phosphor-S6 ribosomal 

protein (Ser235/236), cyclin D1, cleaved caspase-3 and β-Actin, as well as the anti-rabbit 

IgG, HRP-linked secondary antibody were used for western blotting. All of them were 

provided from Cell Signaling Technology. β-Actin served as the loading control in all 

experiments. Membranes (GE Healthcare, #10600023) were analyzed using SuperSignalTM 

West Femto Maximum Sensitivity Substrate (Thermo, #34096).

2.5. Glycolysis

Extracellular L-lactate in cultured pancreatic cancer cells was measured using Glycolysis 

Cell-Based Assay Kit (Cayman, Ann Arbor, MI). Assays were conducted following the 

manufacturer’s instructions. Cells were cultured and seeded at a density of 1 × 104 cells per 

well in 96-well plates in triplicate and given adhere overnight, followed by treatment with 

IL-6 and/or other inhibitors in serum free medium. After 48 hours incubation, supernatant 

(10 μL) from each well was transferred to the corresponding wells on the new plates. 

Reaction solution (100 μL) composed of assay buffer (phosphate buffered saline), glycolysis 

assay substrate (2-(4-lodophenyl)-3(4-nitrophenyl)-5-phenyl-2H-tetrazolium chloride), 

glycolysis assay cofactor (NAD+), and glycolysis assay enzyme mixture (diaphorase and L-

lactic dehydrogenase) was prepared and added to each well with gentle shaking for 30 

minutes at room temperature, then the optical density was detected at 490 nm.

2.6. Transfection

HPAF-II cells were seeded in 10-cm plate and allowed to adhere overnight. The cells were 

transfected with negative control siRNA (Thermo Fisher, Waltham, MA) or estrogen 

receptor α siRNA (Santa Cruz Biotechnology, Inc, Dallas, TX) using Lipofectamine 2000 
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(Invitrogen, Carlsbad, CA) according to the manufacturer’s instruction. After 48 hours, the 

cells were collected and lysed for western blotting assay, and reseeded in 96-well plates at a 

density of 3,000 cells per well and incubated for 48 hours. Cell viability was determined by 

MTT assay as described above.

2.7. Caspase-3/7 Activity Assay

Cells cultured in 96-well plates were left untreated or treated with bazedoxifene (0, 5, 10 and 

15 μM). The caspase-3/7 activity was detected using Caspase-3/7 Fluorescence Assay Kit 

(Cayman, Ann Arbor, MI) according to the manufacture’s instruction.

2.8. Colony Forming Cell Assay

Cells were treated with bazedoxifene, SC144 and evista for 16 hours. After that, cells were 

harvested and reseeded on 6-cm plates with drug-free medium for approximately 2 weeks 

incubation. Colonies were fixed with methanol and stained with crystal violet dye (0.1% 

w/v).

2.9. Immunoprecipitation

Cells were pretreated with bazedoxifene (20 μM) in serum free medium for 4 hours followed 

by adding IL-6 (50 ng/mL). After additional incubation for 30 minutes and 6 hours 

respectively, cells were harvested and lysed. Cell lysates were precleared using protein A/G 

agarose (Pierce Biotechnology, Rockford, IL), incubating with gentle mixing at 4 °C for 2 

hours. GP130 was immunoprecipitated by incubating cell lysates with anti-GP130 antibody 

(EMD Millipore Corporation, Temecula, CA) overnight at 4 °C. Protein agarose slurry was 

added and further incubated for 2 hours at 4 °C. At the end of incubation, protein A/G 

agarose was washed three times with IP buffer (Thermo, #28379) and proteins bound to 

GP130 were collected by boiling the samples in SDS loading buffer. Supernatant was then 

separated by 10% SDS-PAGE and subjected to western blotting analysis. Monoclonal 

human IL-6Rα mouse antibody, phosphorylated STAT3 (Y705) rabbit antibody, STAT3 

rabbit antibody, GP130 rabbit antibody and the anti-mouse IgG, HRP-linked secondary 

antibody were purchased from Cell Signaling Technology. JAK1 mouse primary antibody 

was obtained from R&D System (#MAB42601).

2.10. Statistical Analysis

All results are presented as the means ± standard error of the mean (SEM). The difference 

between two groups was analyzed using the Student’s t-test (n=3). All statistical analyses 

were performed using the GraphPad Prism 5.0 software. (*P < 0.05, **P < 0.01, ***P < 

0.001)

3. RESULTS

3.1. IL-6 Stimulates Cell Viability in Human and Murine Pancreatic Cancer Cells

Accumulating evidence suggested that elevated production of IL-6 in serum is strongly 

associated with aggression of pancreatic cancer [30,31]. To further investigate the role of 

IL-6, five human pancreatic cancer cells (PANC-1, HPAF-II, Capan-1, BxPC-3 and MIA 
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PaCa-2) and one primary murine pancreatic cancer cells (22–614APR) were treated with 

different concentrations of recombinant IL-6 (0 −25 ng/mL). Cell viability was detected 

using MTT assay. Our results showed that cell viability were induced in all six pancreatic 

cells in response to IL-6. 10 ng/mL and 25 ng/mL of IL-6 significantly induced cell viability 

in PANC-1, HPAF-II, BxPC-3 cells and 22–614APR cells, while only 25 ng/mL of IL-6 

showed statistically significant induction of cell viability in Capan-1 and MIA PaCa-2 cells 

(Fig. 1A).

3.2. IL-6 Promotes Cell Proliferation and Activates STAT3 Phosphorylation in Human 
Pancreatic Cancer Cells

Due to the stimulation of cell viability in pancreatic cancer cells, we further tested the effect 

of exogenous human IL-6 on the cell proliferation of pancreatic cancer cells using BrdU 

incorporation assay, in which cell proliferative changes over time was detected through the 

incorporation of BrdU into newly synthesized DNA in cells. Four pancreatic cancer cell 

lines, PANC-1, HPAC, HPAF-II and Capan-1 were treated with different concentrations of 

recombinant human IL-6 (0 – 25 ng/mL), and BrdU incorporation into DNA was remarkably 

increased in all four pancreatic cell lines by IL-6 stimulation. Specifically, 10 ng/mL of IL-6 

exhibited significant stimulation of cell proliferation in HPAC, HPAF-II, and Capan-1 cells, 

and the cell proliferation was increased statistically in PANC-1 cells by 25 ng/mL of IL-6 

(Fig. 1B).

To examine the influence of exogenous IL-6 on the protein expression of phosphorylated 

STAT3, the principal IL-6 activated signaling molecule, we treated Capan-1 and HPAC cells 

with human IL-6 (50 ng/mL) and observed the changes in STAT3 phosphorylation at 

different interval time (0 – 8 hours). Western blotting analysis revealed that IL-6 remarkably 

increased the phosphorylated STAT3 protein levels in Capan-1 and HPAC cells at different 

time points. In addition, IL-6 time-dependently induced phosphorylated p44/42 MAPK 

(ERK1/2) (Thr202/Tyr204) and cyclin D1 in Capan-1 and HPAC cell lines (Fig. 2).

3.3. Bazedoxifene Inhibits IL-6 mediated Cell Viability in Pancreatic Cancer Cells

Bazedoxifene is known as a selective estrogen receptor modulator (SERM) and increasing 

studies implicated that bazedoxifene was able to mediate anti-tumor activity [28, 29, 32]. To 

investigate whether bazedoxifene suppresses cell viability mediated by IL-6, we pretreated 

five human pancreatic cancer cell lines (PANC-1, HPAF-II, Capan-1, BxPC-3 and MIA 

PaCa-2), and one primary murine pancreatic cancer cell line (22–614APR) with different 

concentrations of bazedoxifene (0, 1, 2.5, 5 and 10 μM) for 4 hours, then added exogenous 

IL-6. After 48 hours of treatments, a dose-dependent suppression of IL-6-induced cell 

viability was observed (Fig. 3A). Furthermore, we also tested previously reported GP130 

inhibitor, SC144 and IL-6/GP130 inhibitor, evista (raloxifene). Consistently, SC144 and 

evista also inhibited cell viability of pancreatic cancer cells induced by IL-6 (Fig. 4). To test 

the effect of bazedoxifene on the secretion of IL-6, we examined the secretion level of IL-6 

in human pancreatic cells after the bazedoxifene treatment and found that bazedoxifene 

could reduce IL-6 secretion in pancreatic cancer cells (data not shown). To examine the 

potential toxicity of bazedoxifene in normal human cells, we treated Normal Human Lung 

Fibroblasts (NHLF) with the same doses of bazedoxifene used in cancer cells. The results 
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showed that bazedoxifene did not exhibit significant inhibition of cell viability in NHLF 

cells (Fig. 3B). Additionally, to exclude the possibility that the effect of bazedoxifene may 

depend upon the inhibition of estrogen receptor α (ERα) signaling, we measured the protein 

expression of ERα in Capan-1, HPAF-II, HPAC, BxPC-3 and PANC-1 cells, and found that 

only HPAF-II cells expressed detectable ERα protein (Fig. 5A). These results suggest that 

the ability of bazedoxifene to inhibit cell viability on Capan-1, HPAC, BxPC-3 and PANC-1 

cells is independent of inhibiting ERα signaling since they do not express detectable ERα.

To determine whether ERα signaling is relevant to cell viability in HPAF-II cells, we 

knocked down the ERα gene using ERα siRNA (Fig. 5B) and found that the cell viability 

was not significantly reduced (Fig. 5C), suggesting that ERα may not play a key role on the 

cell viability of HPAF-II cells. Even if it is possible that bazedoxifene may target ERα 
besides IL-6/GP130 in HPAF-II cells, we believe that blocking of IL-6/GP130 signaling is 

still the major mechanism of cell viability inhibition.

3.4. Bazedoxifene Suppresses IL-6 Induced Cell Proliferation in Human Pancreatic 
Cancer Cells

Next, we investigated the suppressive activity of bazedoxifene on IL-6 induced cell 

proliferation of human pancreatic cancer cells. We pretreated HAPC, PANC-1, Capan-1 and 

HPAF-II cell lines with different doses of bazedoxifene (0, 5, 10 and 20 μM) for 4 hours 

followed by addition of exogenous IL-6 (10 ng/mL), and performed the BrdU incorporation 

test after 24 hours. The results were presented in Fig. (6A). Bazedoxifene showed dose-

dependent inhibition of IL-6 stimulated cell proliferation. Compared with bazedoxifene, 

SC144 treatment also decreased IL-6 induced cell proliferation, while bazedoxifene 

exhibited more potential than SC144 at 10 μM on HPAC and Capan-1 cells, and 20 μM on 

HPAF-II cells (Fig. 6B).

3.5. Bazedoxifene Inhibits Glycolysis Stimulated by IL-6 in Human Pancreatic Cancer 
Cells

Otto Warburg and coworkers reported that the elevation of the flux of glucose to lactate is 

associated with tumor aggression [33,34]. To evaluate the effect of IL-6 signaling on glucose 

metabolism in human pancreatic cancer cells, we treated the HAPC, PANC-1, Capan-1 and 

HPAF-II cells with recombinant human IL-6 (10 ng/mL for HPAC, HPAF-II and Capan-1 

and 25 ng/mL for PANC-1) and observed an increase in the corresponding metabolite 

lactate, suggesting that IL-6 promoted the uptake of glucose (Fig. 7). Importantly, 

bazedoxifene treatment resulted in a dose-dependent decrease of lactate induced by IL-6, 

supporting that reducing of glycolysis by bazedoxifene was associated with inhibition of 

IL-6 signaling pathway in human pancreatic cancer cells (Fig. 7A). Consistently, SC144 also 

displayed inhibition of IL-6 mediated cell glycolysis in those four same cell lines (Fig. 7B). 

In addition, we examined the effect of bazedoxifene on the protein expression of hexokinase, 

phosphofructokinase, and pyruvate kinase in HPAC cells and observed that bazedoxifene 

could slightly inhibit the expression of phosphofructokinase but not hexokinase and pyruvate 

kinase (data not shown).
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3.6. Bazedoxifene Induces Apoptosis in Human and Murine Pancreatic Cancer Cells

Although apoptosis can be triggered by different pathways, each of them merges to a 

common execution cascade of apoptosis that needs proteolytic activation of caspase-3/7 [35, 

36]. Therefore, the activation of caspase-3/7 is considered as a marker of apoptosis. To 

investigate the ability of bazedoxifene in the induction of apoptosis in pancreatic cancer 

cells, we detected the active caspase-3/7 in four human pancreatic cancer cells (HPAC, 

HPAF-II, Capan-1 and BxPC-3) and two primary murine pancreatic cancer cells (8–365APR 

and 22–614APR) treated with bazedoxifene using the caspase-3/7 fluorescence assay. This 

assay uses a specific substrate, N-Ac-DEVD-N’-MC-R110, which can be cleaved by active 

caspase-3/7, and produces a highly fluorescent compound that can be detected by excitation 

and emission wavelengths (485 and 535 nm). As shown in Fig. (8), the amount of active 

caspase-3/7 in all pancreatic cell lines significantly increased after bazedoxifene treatment. 

Furthermore, we treated HPAC cells with bazedoxifene for 12 hours and performed western 

blotting analysis. The result suggested that bazedoxifene could induce cleaved caspase-3 

protein in HPAC cells (data not shown). Taken together, our results indicated that 

bazedoxifene induces apoptosis in human pancreatic cancer cells and murine primary cancer 

cells that express IL-6.

3.7. Bazedoxifene Inhibits Colony Forming Ability of Human Pancreatic Cancer Cells

To evaluate the therapeutic potential of bazedoxifene in pancreatic cancer cells, we treated 

HPAC, Capan-1, BxPC-3 and MIA PaCa-2 cells with bazedoxifene (0, 10 and 15 μM), 

SC144 (0, 10 and 15 μM), or evista (0, 10 and 15 μM) and observed that bazedoxifene dose-

dependently inhibited the capacity of HPAC, Capan-1, BxPC-3 and MIA PaCa-2 cells to 

grow and form colonies after treatment (Fig. 9). Notably, bazedoxifene is more potent than 

SC144 and evista, supporting that bazedoxifene is a promising IL-6/GP130/ STAT3 inhibitor 

in the treatment of pancreatic cancer.

3.8. Bazedoxifene Blocks IL-6/GP130/IL-6R/JAK1 Complex Formation

To further explore whether bazedoxifene down-regulates IL-6 signaling by blocking IL-6/

IL-6R/GP130 complex formation in human pancreatic cancer cells, we performed 

immunoprecipitation in HPAC cells, and found that bazedoxifene treatment noticeably 

blocked IL-6R binding to GP130 (Fig. 10). Bazedoxifene also significantly reduced JAK1 

and phosphorylated STAT3 binding to GP130 after 6 hours treatment. Our results indicated 

that bazedoxifene could block GP130 to interact with IL-6R, JAK1 and to phosphorylated 

STAT3, and thus inhibit IL-6/IL-6R/GP130 signaling to JAK1/STAT3.

4. DISCUSSIONS

Pancreatic cancer remains one of the most aggressive malignancies with a dismal 7% overall 

5-year survival rate and limited treatment options [37]. Gemcitabine-based regimens have 

been the only treatment for decades. However, many patients appear gemcitabine resistance. 

Although its combination with novel agents has resulted in modest improvement in the 

overall survival, the regimens are found to be associated with significant toxicities [38]. 

Thus, searching for alternative therapy options remains an urgent matter. It has been reported 

that inflammatory environment is a vital component in numerous types of human cancer, yet 
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our mechanistic understanding of the effect inflammation during cancer progression is 

incomplete. One well-known pro-tumorigenic inflammatory factor is the pleiotropic 

cytokine IL-6. Increasing evidence suggests that enhanced production of IL-6 and 

dysfunction of IL-6 signaling is strongly associated with pancreatic cancer progression [24, 

30, 31]. Given the important role IL-6 plays during the initiation of pancreatic cancer, we 

investigated whether pancreatic cancer cell viability/proliferation is impacted by IL-6. 

Interestingly, our findings revealed that IL-6 significantly stimulated cell viability and cell 

proliferation of pancreatic cancer cells, supporting that IL-6 is indispensable in the growth of 

pancreatic cancer cells. IL-6 transduces signals through binding to membrane receptor 

complexes containing the ubiquitously-expressed GP130 co-receptor, in turn activating a 

complicated series of signaling downstream included Ras/Raf/MEK/MAPK, PI3K/AKT, and 

JAK/STAT pathways [39]. Herein, we found that IL-6 mediated JAK/STAT3 pathway in 

human pancreatic cancer cells.

IL-6 targeting regimens have been considered as new therapeutic options in pancreatic 

cancer but with restricted success. This is potentially due to blockade of IL-6 result in 

dramatic elevated in systemic IL-6 [40]. Another possibility would be humanized 

monoclonal antibody treatment targeting IL-6R, tocilizumab, whereas its potential 

therapeutic benefit on pancreatic cancer has not yet been established [23]. Selective 

molecule sgp130Fc (a combination of a human IgG1-Fc part with two GP130 extracellular 

domains) exhibits potential clinical significance, similar to sgp130 but with much higher 

efficacy, nevertheless, an optimized sgp130Fc variant is still undergoing clinical trials [41]. 

Recent data from literature reported that inhibition of IL-6 signaling remarkably suppressed 

tumor growth in animal models of pancreatic cancer [27]. In our previous studies, we 

demonstrated that both FDA-approved drugs bazedoxifene and evista as IL-6/GP130 

inhibitors inhibited IL-6 induced phosphorylated STAT3 activation in pancreatic cancer cells 

[28,29]. Bazedoxifene is a third generation selective estrogen receptor modulator, and is 

applied in the prevention of the osteoporosis in postmenopausal women with improved 

selectivity and safety over tamoxifen [42, 43]. Furthermore, in phase III clinical studies, 

bazedoxifene showed a favorable reproductive safety profile in postmenopausal women over 

three and seven years respectively [44, 45]. Therefore, bazedoxifene is a potential drug 

candidate as a novel IL-6/GP130 signaling antagonist. In this study, we demonstrated that 

inhibition of IL-6 signaling by bazedoxifene resulted in a remarkably reduction in IL-6 

mediated cell viability and cell proliferation in pancreatic cancer cells. Consistently, GP130 

inhibitor, SC144, and IL-6/GP130 inhibitor, evista, also effectively inhibited cell viability 

and cell proliferation stimulated by IL-6 in pancreatic cancer cells. These results suggested 

that targeting of IL-6 signaling pathway might be an effective approach for pancreatic cancer 

therapy.

Otto Warburg and co-workers demonstrated that increased aerobic glycolysis is one of the 

prominent phenotypes of tumor, not only promote cell proliferation but also offer energy to 

cancer cells [34, 46]. Several studies have shown that IL-6 signaling could enhance glucose 

transporter type 4 (GLUT4) translocation [47, 48]. Importantly, it has recently emerged that 

IL-6 mediated promotion of glycolysis relies on the JAK/STAT3 signaling pathway via the 

increased hexokinase 2 and 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 

(PFKRB-3) expression [49, 50], nonetheless, it is unclear whether IL-6 can enhance glucose 
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metabolism through IL-6/GP130/STAT3 axis to provide biomass intermediates and energy 

in pancreatic cancer progression. Additionally, lactate is known as the end-product in 

glycolysis. Elevated lactate level is an indicator of the glycolytic adaptation in cancer cells 

[51]. Therefore, we examined the cell glycolysis using lactate production experiments, and 

discovered that IL-6 significantly promotes lactate production in pancreatic cancer cells, 

demonstrating that IL-6 may play a role in promoting pancreatic cancer glycolysis and/or 

metabolism. In light of this, targeting IL-6/GP130/STAT3 pathway to inhibit glucose 

metabolism might be a potential therapeutic strategy for pancreatic cancer. Herein, down-

regulating of IL-6/GP130/STAT3 signaling by bazedoxifene treatment remarkably reduced 

IL-6-mediated glycolysis in human pancreatic cancer cells. SC144 also decreased IL-6-

stimulated glycolysis in human pancreatic cancer cells, implicating that IL-6/gP130/STAT3 

axis is a potential target for pancreatic cancer treatment.

Our results also showed that bazedoxifene induced apoptosis of pancreatic cancer cells. 

Furthermore, the effects of bazedoxifene by inhibiting colony formation of pancreatic cancer 

cells exhibited more potent than other reported inhibitors, evista and SC144, supporting that 

bazedoxifene could be a potent inhibitor against the IL-6/GP130/STAT3 signaling pathway. 

Additionally, we also explored the molecular regulation of bazedoxifene inhibition in 

pancreatic cancer cells, and demonstrated that bazedoxifene treatment blocked IL-6R 

binding to GP130, and also reduced STAT3 and JAK1 binding to GP130. Consistently, these 

results supported that bazedoxifene could block GP130 to interact with IL-6R, JAK1, and 

STAT3, and thus inhibit IL-6/IL-6R/GP130 signaling to JAK1/STAT3.

CONCLUSION

In summary, we provided information to demonstrate IL-6 signaling regulates cell viability, 

cell proliferation and glycolysis in pancreatic cancer cells, implicating that IL-6 signaling is 

a potential molecular target for pancreatic cancer treatment. In addition, we investigated the 

effects of a novel small molecular inhibitor, bazedoxifene, on pancreatic cancer cells in 
vitro, and demonstrated that it could not only inhibit IL-6 induced cell viability, cell 

proliferation, and glycolysis, but also reduce the clonogenic capacity in pancreatic cancer 

cells. We further confirmed that bazedoxifene down-regulated IL-6/GP130/STAT3 signaling 

pathway via blocking GP130 to interact with IL-6R and JAK1/STAT3. Our findings strongly 

supported the use of IL-6/GP130 signaling inhibitors as a novel therapeutic approach for 

pancreatic cancer. Since Bazedoxifene has already been approved by FDA for treating other 

human disease with established safety profile, the potential to this drug into evaluation for 

pancreatic cancer patients may be clinically feasible in a short term.
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GP130 Glycoprotein 130

IL-6 Interleukin-6

IL-6R Interleukin-6 α-receptor

JAK Janus kinase

STAT3 Signal transducer and activator of transcription 3
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Fig. (1). 
IL-6 stimulates cell viability and proliferation in pancreatic cancer cells. (A) Human 

pancreatic cancer cell lines (PANC-1, HPAF-II, BxPC-3, Capan-1 and MIA PaCa-2) and 

murine primary pancreatic cancer cells (22–614APR) were exposed with recombinant IL-6 

(0, 10 and 25 ng/mL) for 48 hours. Cell viability was measured using MTT assay in 

triplicate. (B) PANC-1, HPAC, HPAF-II and Capan-1 cells were treated with recombinant 

human IL-6 (0, 10 and 25 ng/mL) for 24 hours. Cell proliferation was detected by BrdU 

assay.
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Fig. (2). 
IL-6 stimulates the phosphorylation of STAT3 in human pancreatic cancer cells. Western 

blotting analysis of P-STAT3 (Y705), STAT3, P-AKT (S473), AKT, P-ERK (T202/Y204), 

ERK, P-S6, S6 and cyclin D1 were performed after addition of IL-6 (50 ng/mL) in (A) 

Capan-1 and (B) HPAC cells.
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Fig. (3). 
Bazedoxifene inhibits IL-6 induced cell viability in pancreatic cancer cells and has little 

effects in human normal cells. (A) Pancreatic cancer cells. (B) Human normal cells (NHLF). 

PANC-1, HPAF-II, BxPC-3, Capan-1, MIA PaCa-2 and 22–614APR cells were pretreated 

with bazedoxifene (0, 1, 2.5, 5 and 10 μM) for 4 hours, followed by addition of IL-6 (10 

ng/mL for HPAF-II, BxPC-3 and 22–614APR cells; 25 ng/mL for PANC-1, Capan-1 and 

MIA PaCa-2 cells). After 48 hours treatment, cell viability was measured using MTT assay 

in triplicate. NHLF cells was treated with bazedoxifene (0, 1, 2.5, 5 and 10 μM) for 48 

hours. B: bazedoxifene.
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Fig. (4). 
SC144 and evista inhibit IL-6 mediated cell viability in pancreatic cancer cells. (A) SC144; 

(B) evista. Cells were pretreated with SC144 (0, 1, 2.5, 5 and 10 μM) or evista (0, 1, 2.5, 5 

and 10 μM) for 4 hours, followed by addition of IL-6 (10 ng/mL for HPAF-II and BxPC-3; 

25 ng/mL for PANC-1, Capan-1 and MIA PaCa-2 cells).

Chen et al. Page 17

Curr Cancer Drug Targets. Author manuscript; available in PMC 2020 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. (5). 
(A) Western blotting analysis of ERα protein in Capan-1, HPAF-II, HPAC, BxPC-3 and 

PANC-1 cells. (B) ERα gene is knocked down in HPAF-II cells using ERα siRNA. Cells 

were transfected with negative control siRNA or ERα siRNA using Lipofectamine 2000. 

After 48 hours, the cells were collected and lysed for western blotting assay. (C) ERα has no 

impact on cell viability in HPAF-II cells. Cells were seeded and incubated for 48 hours. Cell 

viability was determined by MTT assay in triplicate.
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Fig. (6). 
Bazedoxifene and GP130 inhibitor SC144 moderate IL-6 mediated cell proliferation in 

human pancreatic cancer cells. (A) Bazedoxifene; (B) SC144. PANC-1, HPAC, Capan-1 and 

HPAF-II cells were pretreated with bazedoxifene (0, 5, 10 and 20 μM), or SC144 (0, 5, 10 

and 20 μM) for 4 hours, followed by treatment of IL-6 (10 ng/mL for HPAC, Capan-1 and 

HPAF-II; 25 ng/mL for PANC-1). After 24 hours, cell proliferation was detected using BrdU 

assay in triplicate. B: bazedoxifene.
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Fig. (7). 
IL-6 stimulates glycolysis in human pancreatic cancer cells and is inhibited by bazedoxifene 

and SC144. (A) Bazedoxifene; (B) SC144. PANC-1, HPAC, Capan-1 and HPAF-II cells 

were pretreated with bazedoxifene (0, 5, 10 and 20 μM), or SC144 (0, 5, 10 and 20 μM) for 

4 hours, followed by addition of recombinant IL-6 (10 ng/mL for HPAC, Capan-1 and 

HPAF-II; 25 ng/mL for PANC-1). After 48 hours, the production of lactate were measured 

using glycolysis assay. B: bazedoxifene.
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Fig. (8). 
Bazedoxifene induces apoptosis in human pancreatic cancer cells and murine primary cancer 

cells. Active caspase-3/7 treated with bazedoxifene (0, 5, 10 and 15 μM) for 5 hours. B: 

bazedoxifene.
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Fig. (9). 
Bazedoxifene, SC144 and evista inhibit the colony forming ability in human pancreatic 

cancer cells. HPAC, Capan-1, BxPC-3 and MIA PaCa-2 cells were treated with 

bazedoxifene (0, 10 and 15 μM), SC144 (0, 10 and 15 μM) or evista (0, 10 and 15 μM) for 

16 hours, then cells were harvested and reseeded on 6-cm plates with a drug-free medium 

for an additional incubation of 2 weeks. Colonies were fixed with methanol and stained with 

crystal violet dye (0.1% w/v). B: bazedoxifene.
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Fig. (10). 
Bazedoxifene blocks GP130 to interact with IL-6R and JAK1/STAT3 in HPAC cells. Cells 

were pretreated with bazedoxifene (20 μM) for 4 hours, followed by the addition of 

recombinant human IL-6 (50 ng/mL). After 30 minutes or 6 hours stimulation, whole cell 

lysates were prepared and GP130 was immunoprecipitated. GP130 binding proteins 

included IL-6R, JAK1, P-STAT3 (Y705) and STAT3 were analyzed by Western blotting. No-

Ab: without GP130 immunoprecipitation. B: bazedoxifene. IP: immunoprecipitation.
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