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Impact statement Abstract

We found that hepatitis B X-interacting
protein (HBXIP) was able to activate the
CD147 promoter through Sp1. In vivo,
depletion of HBXIP decreased the tumor
volume and weight induced by CP. Taken
together, these results indicate that HBXIP
promotes cisplatin resistance and regu-
lated CD147 via Sp1 in ovarian cancer cell
lines.

Ovarian cancer is the highest mortality rate of all female reproductive malignancies. Drug
resistance is a major cause of treatment failure in malignant tumors. Hepatitis B X-interacting
protein acts as an oncoprotein, regulates cell proliferation, and migration in breast cancer.
We aimed to investigate the effects and mechanisms of hepatitis B X-interacting protein on
resistance to cisplatin in human ovarian cancer cell lines. The mRNA and protein levels of
hepatitis B X-interacting protein were detected using RT-PCR and Western blotting in cis-
platin-resistant and cisplatin-sensitive tissues, cisplatin-resistant cell lines A2780/CP and

SKOV3/CP, and cisplatin-sensitive cell lines A2780 and SKOV3. Cell viability and apoptosis were measured to evaluate cellular
sensitivity to cisplatin in A2780/CP cells. Luciferase reporter gene assay was used to determine the relationship between hepatitis
B X-interacting protein and CD147. The in vivo function of hepatitis B X-interacting protein on tumor burden was assessed in
cisplatin-resistant xenograft models. The results showed that hepatitis B X-interacting protein was highly expressed in ovarian
cancer of cisplatin-resistant tissues and cells. Notably, knockdown of hepatitis B X-interacting protein significantly reduced cell
viability in A2780/CP compared with cisplatin treatment alone. Hepatitis B X-interacting protein and cisplatin cooperated to induce
apoptosis and increase the expression of c-caspase 3 as well as the Bax/Bcl-2 ratio. We confirmed that hepatitis B X-interacting
protein up-regulated CD147 at the protein expression and transcriptional levels. Moreover, we found that hepatitis B X-interacting
protein was able to activate the CD147 promoter through Sp1. In vivo, depletion of hepatitis B X-interacting protein decreased the
tumor volume and weight induced by cisplatin. Taken together, these results indicate that hepatitis B X-interacting protein pro-

motes cisplatin resistance and regulated CD147 via Sp1 in ovarian cancer cell lines.
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Introduction

Ovarian cancer is the most lethal gynecological cancer, with
a 60% mortality rate in patients and a five-year survival rate
of lower than 30% in advanced stage disease. Efforts at
early detection, new therapeutic approaches to reduce mor-
tality, and platinum-based chemotherapy are used as gen-
eral therapy for ovarian cancer and other malignancies.
Although an improvement in median survival has been
observed, most patients eventually succumb to recurrent
progressive disease because the development of drug resist-
ance has ultimately affected the effectiveness of chemother-
apy.? Multiple mechanisms are involved in drug resistance,
such as drug metabolism, membrane transporters, and
evasion of apoptosis.® Growing efforts are required to
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achieve a greater understanding of the molecular mechan-
isms underlying ovarian cancer drug resistance and to aid
the development of novel diagnostic and therapeutic
strategies.

Hepatitis B X-interacting protein (HBXIP) is a conserved
19-kD protein identified by its interaction with the C ter-
minus of the hepatitis B virus X protein.* Emerging evi-
dence has demonstrated that HBXIP plays a variety of
roles in carcinoma. For example, it regulate cell apoptosis
and division through bind to survivin,” as well as partici-
pating in centrosome dynamics and cytokinesis.® HBXIP is
highly expressed in clinical breast cancer tissues and pro-
motes cell migration.” In addition, HBXIP has been impli-
cated in the progression of breast cancer.® Furthermore,
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HBXIP promoted the migration of ovarian cancer cells
through regulation Skp-2.” However, the underlying mech-
anism of HBXIP in the chemoresistance of ovarian cancer is
not well documented. In the present study, our findings
indicate that HBXIP inhibition is a novel and promising
strategy to target cisplatin-sensitivity.

Material and methods
Tissues collected and cell culture

The tissues from patients who received regular cisplatin-
based chemotherapy in our department from 2011 to 2013
were collected. Patients had been randomly divided into
cisplatin-sensitivity and cisplatin resistance, on the basis
of the serum CA125 levels. Briefly, treatment-sensitive
patients were defined as those having at least 50% reduc-
tion in CA125, otherwise, it belongs to cisplatin-resistant
tissues.'” Cisplatin-sensitive cell lines A2780 and SKOV3
and cisplatin-resistant cell lines A2780/CP and SKOV3/
CP were bought from Shanghai Institutes for Biological
Sciences. These cells were maintained in PRMI-1640
medium (Gibco BRL, NY, USA) with 10% FBS (Gibco
BRL, NY, USA) at 37°C with 5% CO,,

Cell transfection

Small interfering RNA targeting the messenger RNAs of
HBXIP (siHBXIP) and negative control for siHBXIP (NC),
siSpl and siCtrl, empty vector pCMV and pCMV-HBXIP
were synthesized by Sangon Biotech (Shanghai,
China) and transfected into A2780 or A2780/CP using
Lipofectamine 2000 for 48h, according to the manufac-
turer’s instructions.

Quantitative RT-PCR

Total RNA was isolated from cells with TRIzol Reagent
(Invitrogen) according to the manufacturer’s instructions.
Reverse transcription and real-time PCR were performed
with the TagMan Reverse Transcription Regents and
TagMan Universal PCR Master Mix (Applied Biosystems,
Foster City, CA, USA). B-actin was used as an internal con-
trol for normalization. The primers sequences were as fol-
lows: HBXIP (sense): 5'-CGGAAGCGCAGTGATGTTTT-3,
HBXIP (antisense): 5-CTTAGCTGCTTGCTGGGCTA-3'; B-
actin (sense): 5-CTCCATCCTGGCCTCGCTGT-3/, B-actin
(antisense):  5'-GCTGTCACCTTCACCGTTCC-3'. Each
experiment was carried out in triplicate. Differences in
gene expression, expressed as fold changes, were calculated
using the 2744 method.

Cell counting kit-8 (CCK8) assay

Cell viability was measured using the CCKS8 assay
(Yiyuanbiotech, Guangzhou, China) according to the manu-
facturer’s protocol. A2780/CP cells were plated in 96-well
plates (1 x 10* cells/well)and transfected with negative con-
trol for siHBXIP (NC) and siHBXIP (Sangon Biotech,
Shanghai, China) using Lipofectamine 2000 for 48h
(Invitrogen, CA, USA), followed by 24-h CP treatment at
various concentrations. Then, 10 uL. of CCK-8 solution was

added to each well for another 2.5h and the absorbance at
450 nm was measured with a microplate reader.

Western blot analysis

Total proteins from tissues or cells were collected by tissue
homogenization or cell lysis. The BCA assay was used to
assay protein concentration. Proteins (50pg) from each
group were loaded onto gels, resolved by SDS-PAGE, and
electrotransferred  onto  nitrocellulose =~ membranes.
Membranes were blocked with 5% milk at room tempera-
ture for 1h, then incubated overnight at 4°C with primary
anti-HBXIP (Abcam, Cambridge, MA, USA), anti-B-actin
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
cleaved caspase3 (CST, Danvers, MA, USA), anti-Bax
(CST) and anti-Bcl-2 (CST) and anti-Spl (Santa Cruz
Biotechnology), and subsequently, with the appropriate
horseradish peroxidase (HRP)-conjugated secondary anti-
body at room temperature for 1h. Protein expression was
quantified using a Kodak Gel Documentation System.

Apoptosis assay

Apoptosis of A2780/CP cells were assessed with the
Annexin V/PI Apoptosis Detection Kit (BD Biosciences,
San Jose, CA). Briefly, 1 x 10° A2780/CP cells were plated
on a 10cm? plate and incubated for 24 h. The cells were
transfected with NC or siHBXIP for 48h. Cisplatin
(50 uM) was added to both NC and siHBXIP-treated cells
and the cells were incubated for an additional 48h. Cells
were resuspended, and then 5uL of FITC annexin V and
S5uL of PI were added. Stained cells were analyzed
by flow cytometry during the first 15min of staining at
room temperature. Cells were measured using a flow cyt-
ometer FC500/FC500-MPL (Beckman Coulter, Brea, CA,
USA) and data were analyzed using FlowJo software
(Tree Star Inc.).

Luciferase reporter gene assay

A2780 cells grown in 24-well plates were cotransfected with
CD147 luciferase reporter plasmid (0.2 ng) and pRL-TK nor-
malization construct (0.1pg) using Lipofectamine 2000
(Invitrogen). The pCMV-HBXIP plasmid was co-transfected
with reporter plasmids, which lead to a cloud forcing
expression of HBXIP. Small interfering RNAs (siRNAs) tar-
geting HBXIP or Spl (50nM) and the reporter plasmids
were cotransfected into the cells. Forty-eight hours after
transfection, cells were assayed for luciferase activity
using the Dual-Luciferase Reporter Assay System
(Promega).

Tumor xenografts in mice

Female immune-deficient nude mice (BALB/c-nu; age, four
to six weeks) were purchased from Shanghai Slac
Laboratory Animal Co. Ltd. All animals were housed in
appropriate cages on a 12-h light/dark cycle with access
to food and water. A2780/CP cells were transfected with
NC or siHBXIP and treated with CP, then harvested and
5x10° cells in 200uL of phosphate-buffered saline
were subcutaneously injected at the shoulder of mice



Zou et al.

(each group, n=9). Tumor size was measured with digital
calipers every three days, up to 30 days after injection.
Tumor volume was calculated according to the following
formula: 0.5 x (length x width?). Four weeks later, the ani-
mals were euthanized by anesthesia overdose, and their
tumors were removed and weighed.

Statistical analysis

Statistical significance was analyzed by unpaired Student’s
t test and one-way analysis of variance using IBM SPSS
Statistics 21.0 (SPSS Inc. IBM, Armonk, NY, USA). Data
are shown as mean=®SD from three independent

(@) (b)
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experiments. Results were considered statistically signifi-
cant at P < 0.05.

Results

Expression of HBXIP is correlated with cisplatin
resistance in ovarian tumors

To confirm the relationship between HBXIP and cisplatin
resistance in ovarian cancer cells, we examined the mRNA
and protein expression of HBXIP in ovarian cancer tissues
with cisplatin resistance or cisplatin-sensitivity, A2780,
A2780/CP, SKOV3, and SKOV3/CP cells. As shown in
Figure 1(a), tissues which showed cisplatin resistance had
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HBXIP expression is elevated in cisplatin-resistant tissues and cells. (a, b) The mRNA (a) and protein (b) levels of HBXIP were assayed using RT-PCR and

Western blot in cisplatin-resistant and cisplatin-sensitive tissues (c, d) The mRNA (c) and protein (d) expression of HBXIP were determined using Western blotting in
ovarian cancer tissues and cell lines; *P < 0.05, **P < 0.01 compared with sensitive or A2780 or SKOV3 groups.



500 Experimental Biology and Medicine Volume 242 March 2017

an obviously higher expression of HBXIP in mRNA level.
Western blot analysis of HBXIP protein levels determined
that HBXIP increased in cisplatin-resistant specimens com-
pared with cisplatin-sensitive specimens (Figure 1(b)).
Furthermore, the chemoresistant A2780/CP and SKOV3/
CP cells also exhibited markedly higher mRNA levels
of HBXIP compared with A2780 and SKOV3 cells
(Figure 1(c)), as well as the protein expression of HBXIP
(Figure 1(d)). These data indicated that HBXIP could have

(a)

(b)

an important role in the cisplatin resistance of ovarian
cancer cells.

HBXIP inhibition contributes to the sensitivity

to cisplatin

A2780/CP cells were transfected with NC or siHBXIP for
48h, and the mRNA (Figure 2(a)) and protein (Figure 2(b))
levels of HBXIP were significantly reduced. A CCK-8 assay
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Figure 2 Depletion of HBXIP enhanced cisplatin-sensitivity of A2780/CP cells. A2780/CP cells were transfected with NC or siHBXIP for 48 h using lipofectamine
2000. (a, b) The mRNA (a) and protein (b) levels of HBXIP were assayed using RT-PCR and western blotting respectively. (c) Cell viability was measured using CCK-8
assay. (d) The apoptosis rate was detected using flow cytometry. (e-g) The expression of c-caspase3 (e, f) and Bax/Bcl ratio (e, g) were evaluated using Western
blotting. ‘P <0.05, "P < 0.01 compared with NC or vehicle (neither CP nor siHBXIP) group. *P < 0.05 compared with CP group
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demonstrated that cell viability was decreased by CP in a
dose-dependent manner, and depletion of HBXIP leads to a
significant reduction in cell viability compared with the NC
group, and contributed to decreased viability at the remain-
ing time points (Figure 2(c)). Following 40-uM cisplatin
treatment, the cell apoptosis rate was clearly increased in
A2780/CP cells, as well as in the siHBXIP group, and with
both cisplatin and siHBXIP treatment, A2780/CP cells
exhibited a large increase in the apoptosis rate in compari-
son to the group treatment with CP alone (Figure 2(d)).
Western blot revealed that c-caspase3 was increased in the
CP or siHBXIP group, and sharply increased in the CP +
siHBXIP group compared with the CP group (Figure 2(e)
and (f)). Moreover, the Bax/Bcl-2 ratio was markedly ele-
vated when A2780/CP cells were treated with CP and
transfected with siHBXIP (Figure 2(e) and (g)).

HBXIP activates the CD147 promoter through
transcription factor Sp1

CD147 has been implicated in promoting chemoresistance
in cancer stem cells and prostate cancer."'* Importantly, the
regulation of CD147 in cancer development occurs at the
transcriptional and post-transcriptional levels.'>'* In breast
cancer cells, a transcriptional factor Sp1 stimulates its bind-
ing activity to the CD147 promoter, and CD147 also pro-
motes Spl phosphorylation at T453 and T739."> To
determine whether CD147 is involved in HBXIP-mediated
chemoresistance in ovarian cancer cells, we tested
whether HBXIP is able to upregulate CD147. As shown in
Figure 3(a), we observed that the overexpression of HBXIP
enhanced the expression of CD147 at the protein level in
A2780 cells, whereas the knockdown of HBXIP by siHBXIP
reduced the expression of CD147 in A2780/CP cells.
Moreover, we found that forcing the expression of
HBXIP activated the promoter of CD147 in A2780 cells
(Figure 3(b)); however, CD147 promoter activity was
decreased with HBXIP inhibition (Figure 3(c)). It has been
reported that Sp1 can bind to sites in the region (—108/+37)
of the CD147 promoter. We supposed that HBXIP might
activate the CD147 promoter via activation Spl. We con-
structed the fragment of the pGL3-CD147 mut promoter
in which the Spl sites were mutated (Figure 3(d)). Our
data demonstrated that overexpression of HBIXP signifi-
cantly increased the luciferase activities of pGL3-CD147
but failed to influence that of pGL3-CD147 mut in A2780
cells (Figure 3(d)). Moreover, depletion of Sp1 significantly
attenuated the promoting effect of HBXIP on the activity of
the CD147 promoter (Figure 3(e)), suggesting that HBXIP
binds to the CD147 promoter via activating Spl. Western
blot analysis confirmed that silencing Spl reduced
the expression of CD147 by pCMV-HBXIP at the protein
level in A2780 cells (Figure 3(f)). In addition, knockdown
of HBXIP decreased the expression of CD147 and the
protein level of CD147 was further diminished when
Spl was silenced by siRNA in A2780/CP (Figure 3(g)).
We conclude that HBXIP activates the CD147 promoter
through Sp1.

Hepatitis B X-interacting protein promotes cisplatin resistance

Depletion of HBXIP reverses cisplatin resistance in
ovarian cancer in vivo

To confirm that HBXIP knockdown could inhibit cisplatin
resistance in ovarian cancer in vivo. We established the xeno-
graft model of ovarian cancer in nude mice, and then
injected A2780/CP cells that had been treated with cisplatin
alone or combined with siHBXIP. As shown in Figure 4(a),
CP treatment resulted in a significant increase in tumor
volume compared with the vehicle group and the reduction
of tumor volume induced by CP could be further dimin-
ished by siHBXIP. In addition, CP also decreased tumor
weight and a further in the reduction of tumor weight
when cells were treated with both CP and siHBXIP
(Figure 4(b)). Overall, we conclude that HBXIP contributes
to cisplatin resistance in ovarian cancer in vivo.

Discussion

Ovarian cancer shows a high rate of platinum sensitivity,
but resistance frequently develops in recurrent disease.'
Resistance to chemotherapy is a primary cause of treatment
failure and relapse in various cancer types, including ovar-
ian cancer.’” As such, understanding the signaling
networks that regulate chemoresistance is critical for suc-
cessful treatment. Comprehending how cisplatin resistance
occurs is the basis for developing strategies to improve
prognosis prediction. In this study, we confirmed the role
of HBXIP in the development of cisplatin-resistant ovarian
cancer cells and its possible relationship with CD147.

Many studies show that HBXIP acts as an oncoprotein in
cell proliferation and migration.'®!® The expression of
HBXIP was detected in human ovarian cancer specimens
with cisplatin-sensitivity and cisplatin resistance and cell
lines. RT-PCR and Western blotting showed that HBXIP
was highly expressed in cisplatin-resistant specimens or
cell lines, which may relate to the positive regulative func-
tion of HBXIP in the proliferation and migration of ovarian
cancer cells.’

An abnormal cell proliferation contributes to the patho-
genesis of cancer and according to this point of view, cis-
platin resistance might relate to the imbalance between cell
proliferation and apoptosis. Apoptosis seems to be the main
mechanism whereby chemotherapy and radiation induce
the killing of tumor cells. There is presently a line of evi-
dence indicating that deregulation of programmed cell
death, including apoptosis and autophagy, is an important
mechanism for tumor resistance to anticancer drugs.®® It
has been reported that HBXIP functions as a cofactor for
survivin in apoptosis suppression,” which is consistent
with our data that depletion of HBXIP resulted in the reduc-
tion of cell viability and augmentation of apoptosis in
A2780/CP cells. In addition, depletion HBXIP further
aggravated apoptosis when A2780/CP cells were treated
with CP, suggesting that HBXIP contributes to cisplatin-
sensitivity in ovarian cancer cells. Caspases, a family of
cysteinyl aspartate-specific proteases, are best known as
executioners of apoptotic cell death: their activation is con-
sidered to be a commitment to cell death and c-caspase3 is a
biomarker of cell apoptosis.** Survivin associates with pro-
caspase 9 via HBXIP to suppress caspase activation and
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Figure 3 HBXIP activates the promoter of CD147 via the transcription factor Sp1. (a) The expression of CD147 was examined using Western blotting. (b, c) The

activities of the CD147 promoter were measured by luciferase reporter gene assay in pPCMV-HBXIP-transfected A2780 cells (b) or siHBXIP-transfected A2780/CP cells
(c). (d, e) The activities of CD147 and CD147 mut were assayed using luciferase reporter gene assays in A2780 cells transfected with pCMV-HBXIP. (f, g) The expression
of HBXIP, Sp1 and CD147 was detected using Western blotting in A2780 (f) or A2780/CP (g). “P < 0.05, **P < 0.01 compared with NC or pCMV or vehicle (neither pCMV-

HBXIP or siSp1) group. *P < 0.05 compared with the pCMV-HBXIP group

cellular apoptosis.??> Our results indicated that HBXIP
inhibition resulted in upregulation induced even further
by CP as well as the Bax /Bcl-2 ratio in A2780/CP cells.
CD147, also as known as basigin or Emmprin, is a type I
glycoprotein that belongs to the immunoglobulin super-
family. It is highly expressed in tumor cells and stimulates
adjacent fibroblasts or tumor cells to produce matrix metal-
loproteinases (MMPs).”> CD147 is overexpressed in a
number of carcinomas and is associated with tumor pro-
gression.”>?* Previous findings have shown that CD147

promotes migration, invasion, and metastasis in cancer
cells, enhancing the activity of MMPs by digesting the com-
ponents of the extracellular matrix in breast cancer, oral
squamous cell carcinoma, and ovarian cancer.”>% Spl
was a eukaryotic transcriptional activator identified and
involved in many physiological and pathological processes
by regulating gene expression, which is affected by the rate
of Spl protein synthesis, nuclear translocation, and DNA-
binding affinity.”® Kong et al.*® reported that the expression
of Sp1 directly regulated the expression level of CD147 in



Zou et al.

Hepatitis B X-interacting protein promotes cisplatin resistance

a —— iole b 3-
( )2000_ Vehicle (b)
—— CP
— == s5iHBXIP -
£ 4 —— SsiHBXIP+CP LNCT
£ 1500 b 24 N X
g K-
£ w
Z 1000 + ]# H
< 1
> S
‘5 E 14 #
S 500 =
=
0 T T T T T T T 0-
4 8 12 16 20 24 28 32 @2 CS .1[.3 XOQ
days <& ; D 43
& S
&

Figure 4 Knockdown of HBXIP reverses cisplatin resistance in ovarian tumors in vivo. (a) Tumor volumes were measured with digital calipers. (b) Tumor mass was
measured. *P < 0.05 compared with the vehicle group; *P < 0.05 compared with the CP group

lung cancer cells. In addition, CD147 promoted Sp1 phos-
phorylation through the PI3K/AKT and MAPK/ERK path-
ways.15 Moreover, T453 and T739 mutations decreased the
activity of Sp1 binding to the promoter of CD147 in ovarian
cancer cells.'” Importantly, forcing the expression of CD147
contributes to the chemoresistance of head and neck squa-
mous cell carcinoma cells and cancer stem cell-like cells.'>*
Interestingly, HBXIP activates the promoter of LMO4 and
PDGFB via Sp1.>"*? Our data revealed that forcing the
expression of HBXIP upregulated the expression and pro-
moter activity of CD147; moreover, overexpression of HBIXP
significantly increased the luciferase activity of pGL3-CD147,
but failed to influence that of pGL3-CD147 mut.

As expected, depletion of HBXIP reduced the expression
of CD147, which was abolished by Spl inhibition.
Functionally, we determined that CD147 was implicated
in HBXIP-modulated cisplatin resistance in ovarian
cancer. In vivo, our data indicated that tumor volume and
weight were furtherly reduced after knockdown of HBXIP.

In conclusion, our present study demonstrated that
HBXIP inhibition promotes the sensitivity to cisplatin in
A2780/CP cells. HBXIP up-regulates CD147 via activation
of Sp1 to reduce cisplatin resistance in ovarian cancer cells.
Accordingly, CD147 as a determinant of cisplatin resistance
should be further explored as a potential theranostics
biomarker.
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