
Abstract. Background/Aim: Interleukin-6 (IL-6) and
interleukin-8 (IL-8) play important roles in the progression of
triple-negative breast cancer (TNBC) and pancreatic ductal
adenocarcinoma (PDAC). This is the first experiment to combine
small molecules targeting these two signaling pathways to treat
TNBC and PDAC cells. Materials and Methods: Cell viability,
colony formation and cell migration assays were conducted
when TNBC or PDAC cells were treated with bazedoxifene
(targeting IL-6) or reparixin/SCH527123 (targeting IL-8) or
their combination. Results: The combined treatment had a more
potent inhibition of cell viability, colony formation and cell
migration than monotherapy in TNBC and PDAC cells. The
results also showed that the combination of bazedoxifene with
SCH527123 seemed to be more effective than that with reparixin
in inhibiting cell viability and colony formation of TNBC.
Conclusion: Novel drug combinations of bazedoxifene and
reparixin, as well as bazedoxifene and SCH527123 may provide
more effective treatments for TNBC and PDAC.

Breast cancer is the most predominant cancer in women
worldwide (1,2). Triple-negative breast cancer (TNBC)
accounts for 15-20% of all cases of breast cancer. It is more
aggressive than other types of breast cancer and has a worse
prognosis, with a high recurrence rate within the first 3 years
after diagnosis (3). In the absence of new effective targeted

therapies, conventional chemotherapy is still one of the main
treatment options for TNBC, however, the side-effects of
chemotherapeutics are serious. The treatment of TNBC is
still a challenge (4). 

Pancreatic ductal adenocarcinoma (PDAC) accounts for
>90% pancreatic cancer and has the lowest survival rate
among common cancers (1, 2). Contrary to the steady increase
in survival observed in most types of cancer, little progress
has been made for pancreatic cancer, and most patients are
diagnosed with disease at advanced stage with a 5-year
survival rate of only 3% (1). At present, there is no effective
drug or treatment options for pancreatic cancer, development
of more effective drugs is of the utmost urgency. 

The growth of TNBC requires the simultaneous autocrine
expression of interleukin 6 (IL-6) and interleukin 8 (IL-8),
and their co-expression was found to be essential for the
growth of xenograft tumors, while inhibiting their expression
significantly suppressed cell survival and colony formation in
vitro, as well as growth of xenograft tumors in vivo (5). In
addition, resistant breast cancer cell lines secrete more IL-6
and IL-8 than sensitive breast cancer cell lines. Neutralizing
antibodies against IL-6 and IL-8 partially reversed the
resistance of breast cancer to chemotherapeutic drugs. The
inhibition of the expression of endogenous IL-6 and IL-8 by
siRNA technology also significantly enhanced the drug
sensitivity of resistant breast cancer cells (6). These novel
findings demonstrate the necessity and potential of combined
inhibition of IL-6 and IL-8 for the treatment of TNBC.
Clinical studies have shown that both IL-6 and IL-8 are
overexpressed in pancreatic cancer tissues and blood
circulation, and both promote the occurrence, metastasis and
malignant progression of pancreatic cancer and are associated
with poor prognosis (7-16). However, currently there are no
experimental or clinical studies about joint suppression of IL-
6 and IL-8 in the treatment of pancreatic cancer. Combined
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inhibition of IL-6 and IL-8 may be a novel and effective
treatment strategy for the treatment of TNBC and PDAC.

The Food and Drug Administration-approved drug
bazedoxifene is a third-generation selective estrogen receptor
modulator for the prevention and treatment of osteoporosis
in postmenopausal women and has been shown to be
relatively safe and well tolerated (17). We discovered
bazedoxifene to be a novel inhibitor of IL-6/ glycoprotein
130 (GP130) protein–protein interactions and it inhibited
PDAC and TNBC cells (18). 

As a small-molecule drug against IL-8, reparixin was
originally used clinically to reduce ischemia-reperfusion
injury (19), but it was later discovered to block C-X-C
chemokine receptor 1 (CXCR1) and C-X-C chemokine
receptor 2 (CXCR2) signaling pathway in many cancer types
such as breast and thyroid cancer (20,21). Another IL-8-
CXCR1/2 small-molecule inhibitor, SCH527123, showed
antitumor effects against many tumor types such as
melanoma (22), and breast (23) and colon (24) cancer. We
found that reparixin and SCH527123 were effective at
inhibiting pancreatic cancer neoplastic features such as cell
viability, proliferation, colony formation, and migratory
potential in vitro laboratory culture system (25). 

The objective of this study was to assess the efficacy of
bazedoxifene combined with reparixin or SCH527123 on cell
viability, cell migration and colony formation of TNBC and
PDAC cells

Materials and Methods
Cell culture and reagents. SUM159 TNBC cells were obtained from
Dr. Max S. Wicha (University of Michigan, Ann Arbor, MI), MDA-
MB-231 TNBC cells, HPAC and Capan-1 PDAC cells were purchased
from the American Type Culture Collection (Manassas, VA, USA). All
cell lines were routinely cultured in Dulbecco’s modified Eagle’s
medium with 4.5 g/l L-glutamine and sodium pyruvate (DMEM;
Mediatech Inc., Manassas, VA, USA) supplemented with 10% fetal
bovine serum (FBS; Atlanta Biologicals, Flowery Branch, GA, USA),
and 1% penicillin/ streptomycin (Sigma-Aldrich, Merck KGaA,
Darmstadt, Germany) and then grown in a humidified 37˚C incubator
with 5% CO2. Routinely, they were assessed microscopically for the
expected morphologies. 

Reagents in the study were as follows: Bazedoxifene acetate was
purchased from Sigma-Aldrich (Merck KGaA), reparixin was
obtained from INDOFINE Chemical Company (Hillsborough, NJ,
USA), SCH527123 was bought from AdooQ BioScience (Irvine,
CA, USA). These drugs were dissolved in sterile dimethyl sulfoxide
(DMSO; Sigma-Aldrich, Merck KGaA) to make a 20 mM stock
solution and they were stored at –20˚C. 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide and crystal violet were bought
from Sigma-Aldrich (Merck KGaA) and N,N-dimethylformamide
(DMF) was obtained from Fisher Scientific (Waltham, MA, USA). 

MTT assay. MDA-MB-231, SUM159, HPAC and Capan-1 were
seeded in 96-well microtiter plates at a density of 3,000 cells per well
and cultured in 100 μl medium at 37˚C. The next day, the culture
medium in each well was not only maintained at 100 μl as the final

volume, but also supplemented with bazedoxifene (5 or 10 μmol/l)
or reparixin/SCH527123 (40 or 60 μmol/l), their combination or
vehicle control (DMSO) at 37˚C. Forty-eight hours later, 25 μl of
MTT was added to each well. After an incubation for 4 h at 37˚C,
each sample was supplemented with 150 μl of DMF solubilization
solution followed by an incubation overnight in a sealed moistened
chamber protected from Iight at room temperature. The cell viability
was assessed using, the absorbance at 595 nm in each sample,
reflecting the amount of MTT taken by the metabolically active cells,
was compared to that in the mock control wells (treated with DMSO)
and then quantified. The untreated cells were set at 100% and the cell
viability of drug-treated cells was determined relative to untreated
cells. Synergistic, additive, or antagonistic effects of bazedoxifene and
reparixin/SCH527123 treatment were determined based on the
theorem of Chou and Talalay (26), and the combination index (CI)
was determined using data obtained from the MTT assay with
CompuSyn software (www.combosyn.com). The CI values indicate a
synergistic effect when <1, an antagonistic effect when >1, and an
additive effect when equal to 1.

Colony-formation assay. The experiment was carried out according
to the method described previously (25). MDA-MB-231, SUM159,
HPAC and Capan-1 cells were seeded in 6-well plates at a density
of 1,000 cells per well and incubated at 37˚C overnight. The next
day, cells were incubated with vehicle DMSO, or bazedoxifene (2.5
or 5 μmol/l) or reparixin/SCH527123 (40 or 60 μmol/l) or the
combination at 37˚C. At 3-day intervals, cells were replenished with
fresh growth medium containing the same drug. In 7 days, the
medium was changed with fresh medium without drugs and the
medium was changed every week. After 2 weeks, the cells were
washed twice with PBS and fixed with cold methanol for 30 min at
4˚C followed by a staining with 1% crystal violet dye (dissolved in
25% methanol) at room temperature for 1 h. The plates were
washed with distilled water, dried and scanned with Epson
Perfection V550 Photo Color Scanner

Wound-healing assay. SUM159, MDA-MB-231 and HPAC cells were
seeded in six-well plates and incubated at 37˚C overnight. The next
day when cells reached 100% confluent, the monolayer was scratched
by using a 100-μl pipette tip. After washing with PBS twice, cells
were treated with DMSO, or bazedoxifene (5 or 10 μmol/l) or
reparixin/SCH527123 (40 or 60 μmol/l) or bazedoxifene plus
reparixin/SCH527123. Cells were incubated for 17-30 h at 37˚C and
observed under a microscope, methods for photographing and
calculating cell mobility were as described in the literature (25); the
CI value was calculated in the same way as described above.

Statistical analysis. Significance of correlations was determined using
GraphPad Prism 5 software (GraphPad Software Inc., San Diego, CA,
USA). Differences were analyzed with one-way ANOVA and Tukey’s
multiple comparison test for multiple comparisons. Data are presented
as mean±standard error, and significance was set at p<0.05. 

Results

Bazedoxifene combined with reparixin or SCH527123
synergistically inhibited cell viability of TNBC and PDAC
cells. To investigate whether bazedoxifene plus
reparixin/SCH527123 can generate more potent suppression
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Figure 1. Bazedoxifene (Baz) combined with reparixin (Rep) or SCH527123 (SCH) synergistically inhibited cell viability of triple-negative breast
cancer and pancreatic ductal adenocarcinoma cells. MDA-MB-231, SUM159, HPAC and Capan-1 cells were seeded in 96-well plate at a density
of 3,000 cells per well. Cells were treated with bazedoxifene (5 or 10 μmol/l) or reparixin (40 or 60 μmol/l) (A) or SCH527123 (SCH; 40 or 60
μmol/l) (B) or their combination or dimethyl sulfoxide (DMSO) in triplicate for 48 h and cell viability was tested by MTT assay. Significantly
different at **p<0.01 and ***p<0.001.



of cell viability of TNBC and PDAC, MDA-MB-231,
SUM159, HPAC and Capan-1 cells were treated with
different concentrations of bazedoxifene (5 or 10 μmol/l) or
reparixin/SCH527123 (40 or 60 μmol/l) or their
combination. After 48-hour treatment, greater inhibition of
cell viability was seen with the combination treatment of
bazedoxifene with reparixin (Figure 1A) and SCH527123
(Figure 1B) compared to monotherapy. The CI values of all
the combination treatments were less than 1, suggesting there
was synergism in the combination treatments of
bazedoxifene with reparixin and SCH527123. Bazedoxifene
with SCH527123 seemed to inhibit cell viability more
significantly than bazedoxifene with reparixin in two TNBC
cell lines tested, and bazedoxifene with reparixin seemed to

inhibit cell viability more significantly than bazedoxifene
with SCH527123 in two PDAC cell lines.

Combination treatment of bazedoxifene with reparixin or
SCH527123 generated greater potent inhibitory effects on
colony-forming activity of TNBC and PDAC cells than either
drug alone. We next evaluated the effect of bazedoxifene
combined with reparixin or SCH527123 on colony
formation. MDA-MB-231, SUM159, HPAC and Capan-1
cells, seeded in six-well plates with 1,000 cells per well,
were treated with different concentrations of bazedoxifene
(2.5 or 5 μmol/I) or reparixin/SCH527123 (40 or 60 μmol/I)
or their combination. Representative images are presented in
Figure 2A (bazedoxifene combined with reparixin) and
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Figure 2. Combined treatment of bazedoxifene (Baz) with reparixin (Rep) or SCH527123 (SCH) generated more potent inhibitory effects on colony-
forming activity of triple-negative breast cancer and pancreatic ductal adenocarcinoma cells than either drug alone. MDA-MB-231, SUM159, HPAC
and Capan-1 cells were seeded in 6-well plates at a density of 1,000 cells per well. The next day, cells were incubated with vehicle dimethyl sulfoxide
(DMSO), or bazedoxifene (Baz; 2.5 or 5 μmol/l) or reparixin (Rep; 40 or 60 μmol/l) (A) or SCH527123 (SCH; 40 or 60 μmol/l) (B) or their
combination. At 3-day intervals, cells were replenished with fresh growth medium containing the same drug. In 7 days, the medium was changed
with fresh medium without drugs and the medium was changed every week. 



Figure 2B (bazedoxifene combined with SCH527123).
Consistent with these findings, Figure 2 shows that colony
formation was inhibited more obviously under the combined
treatment of bazedoxifene with reparixin or SCH527123 than
under monotherapy. It seemed that bazedoxifene/SCH527123
inhibited colony formation more significantly than
bazedoxifene with reparixin in the two TNBC cell lines
tested, and the inhibition of the two combinations on colony
formation by PDAC cells appeared to be similar and both
combinations had a good inhibitory effect.

Bazedoxifene combined with reparixin or SCH527123
synergistically inhibited cell migration of TNBC and PDAC
cells. Simultaneous inhibition of IL-6/IL-8 receptors reduced
metastasis in a mouse xenograft model (27), therefore
combined suppression of IL-6/IL-8 might generate greater
inhibition of cancer cell migration. Therefore, we next
evaluated the effect of bazedoxifene combined with reparixin
or SCH527123 on cell migration which is an important
process in tumor invasion and metastasis. Representative
images are shown in Figures 3-5, combined therapy showed

more significant inhibitory effects of cell migration on MDA-
MB-231 (Figure 3), SUM159 (Figure 4) and HAPC (Figure
5) cells relative to monotherapy. These results suggested that
simultaneous inhibition of IL-6/IL-8 by combined treatment
of bazedoxifene with reparixin or SCH527123 block the cells
migration of TNBC cells and PDAC cells, the CI values of
all the combination treatments were less than 1, suggesting
there was synergism in the combination treatments of
bazedoxifene with reparixin or SCH527123.

Discussion

For the first time, the small molecules bazedoxifene, reparixin
and SCH527123, which have been clinically validated for
safety, were used to investigate the effect of a combination of
bazedoxifene with reparixin or SCH52712 against IL-6/IL-8
signaling pathways to inhibit TNBC. The results showed that
the combination treatment synergistically inhibited the cell
viability and cell migration of TNBC, more potent inhibition
of colony formation was also achieved. The effect of
combined inhibition of IL-6/IL-8 signaling pathway in PDAC
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Figure 3. Bazedoxifene (Baz) combined with reparixin (Rep) or SCH527123 (SCH) synergistically inhibited cell migration of MDA-MB-231C cells.
MDA-MB-231 cells were seeded in a 6-well plate, then a wound-healing assay for migration was carried out by scratching the cells with 100-μl
tip and cells were treated with vehicle dimethyl sulfoxide (DMSO), or bazedoxifene (Baz; 5 or 10 μmol/I) or reparixin (Rep; 40 or 60 μmol/I) (A)
or SCH527123 (SCH; 40 or 60 μmol/l) (B) or their combination. Magnification, ×100. The CI values of all the combination treatments were less
than 1. ***Significantly different at p<0.001.



was also investigated for the first time to our knowledge. The
results showed that combination therapy (bazedoxifene with
reparixin or SCH527123) synergistically inhibited cell
viability and cell migration of PDAC cells, and inhibited
colony formation better than either drug alone. The results also
showed that the combination of bazedoxifene and SCH527123
seemed to be more effective than the combination of
bazedoxifene and reparixin to inhibit cell viability and colony
formation of TNBC.

Evidence indicates that overexpression of IL-6 and
dysregulation of IL-6 signaling pathway play key roles in the
development and metastasis of many cancer types, including
pancreatic and breast cancer (10, 11, 28). TNBC cells secrete
the highest levels of IL-6 in contrast to other types of breast
cancer, and autocrine IL-6 promotes TNBC growth (5).
Studies have shown that gene silencing of IL-6 expression
can inhibit the formation of colonies and cell survival of
TNBC cells in vitro, as well as xenograft tumor growth in
vivo (5). The autocrine production of IL-6 by tumor cells
also promotes multidrug resistance (29), and using different
methods to inhibit the expression of IL-6 may enhance the
sensitivity of tumor to chemotherapeutics and reduce

multidrug resistance. Due to limited treatment options for
TNBC, IL-6 signaling pathway inhibitors may provide
important new therapeutic options.

Our previous studies showed bazedoxifene may be a
potential therapeutic agent for human pancreatic cancer,
rhabdomyosarcoma and medulloblastoma (30-32).
Bazedoxifene was studied in estrogen receptor-positive breast
cancer (33, 34), however, there is little research about the
application of bazedoxifene in the treatment of TNBC. 

There is growing evidence that IL-8 and C-X-C chemokine
receptor 1/2 (CXCR1/2) play a key role in the initiation and
progression of various tumor types, including pancreatic and
breast cancer (9, 13-16, 35). Most cancer cells, including
TNBC and pancreatic cancer express high levels of IL-8 (9,
13, 14). Targeting IL-8 signaling has proven efficacious in
vivo models of breast cancer (36). Small molecule inhibitors
such as reparixin and SCH527123 are potent inhibitors of
CXCR1/2. They have been used in clinical trials to suppress
the progression of breast, colon and colorectal cancer (20, 24,
37). However, clinical trials of reparixin and SCH527123 for
the treatment of breast cancer, ischemia-reperfusion injury and
asthma showed noticeable cytotoxicity (19, 37, 38). 
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Figure 4. Bazedoxifene (Baz) combined with reparixin (Rep) or SCH527123 (SCH) synergistically inhibited cell migration of SUM159 cells. SUM159
cells were seeded in 6-well plates, then a wound-healing assay for migration was carried out by scratching the cells with 100-μl tip and cells were
treated with vehicle dimethyl sulfoxide (DMSO), or bazedoxifene (Baz; 5 or 10 μmol/I) or reparixin (Rep; 40 or 60 μmol/I) (A) or SCH527123
(SCH; 40 or 60 μmol/l) (B) or their combination. Magnification, ×100. The CI values of all the combination treatments were less than 1. Significantly
different at **p<0.01 and ***p<0.001.



It is important to note that combined inhibition of IL-6
and IL-8 signaling pathway is of great importance for the
treatment of TNBC (5, 39). The joint inhibition of IL-6 and
IL-8 expression or of their receptors caused more
pronounced inhibition of TNBC colony formation than either
of the cytokines or receptors alone (5). Elevated expression
of IL-6 and IL-8 may be associated with multidrug resistance
in human breast cancer cells, whereas pretreatment of
mesenchymal stem cells with cisplatin resulted in secretion
of IL-6 and IL-8, and this resulted in increased
chemoresistance in breast cancer cells (40). These data
together suggest that joint inhibition of IL-6 and IL-8 is
required for the treatment of TNBC. 

There have been several studies on the combination of
targeting IL-6 and IL-8 signaling pathways in the treatment
of breast cancer (5, 6, 39). However, no similar study was
found in pancreatic cancer. For the first time, we found that
combination therapy targeting the IL-6 and IL-8 signaling
pathway significantly inhibited cell viability, colony-forming
activity and cell migration of PDAC cells. Currently the
main methods regarding experimental design to inhibit IL-6
and IL-8 signaling pathways simultaneously are antibodies,

siRNA and antisense transfection (6, 9). The main problem
associated with such joint inhibition of the IL-6 and IL-8
signaling pathway is that the side-effects are not clear. The
drugs bazedoxifene, reparixin and SCH527123 used in our
study have been certified as clinically safe and the prospect
for their further clinical application may be relatively better.
We discovered for the first time that the combination of
bazedoxifene with reparixin or SCH527123 is superior to
monotherapy in inhibiting cell viability, colony-forming
activity and cell migration in TNBC and PDAC cells. We
also found that the combination of bazedoxifene with
SCH527123 seemed to be more effective against TNBC than
the combination of bazedoxifene with reparixin. Novel drug
combinations of bazedoxifene and reparixin, as well as
bazedoxifene and SCH527123 may provide more effective
treatments for TNBC and PDAC with reduced side-effects.
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Figure 5. Bazedoxifene (Baz) combined with reparixin (Rep) or SCH527123 (SCH) synergistically inhibited cell migration of HPAC cells. HPAC
cells were seeded in 6-well plate, then a wound-healing assay for migration was carried out by scratching the cells with 100-μl tip and cells were
treated with vehicle dimethyl sulfoxide (DMSO), or bazedoxifene (Baz; 5 or 10 μmol/I) or reparixin (Rep; 40 or 60 μmol/I) (A) or SCH527123
(SCH; 40 or 60 μmol/l) (B) or their combination. Magnification, ×100. The CI values of all the combination treatments were less than 1.
***Significantly different at p<0.001.
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