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Abstract: Hepatocellular carcinoma (HCC) is the fifth main cancer in the world. Most patients will require several
forms of chemotherapy. Here we show that the expression of BCAT1 was up-regulated in HCC tissues and induced
chemoresistance to cisplatin in HCC cells. Moreover, our results demonstrated that arsenic trioxide (ATO) inhibited
BCAT1 protein expression in a dose-dependent manner and time-dependent manner. And ATO inhibited BCAT1
protein expression via suppressing c-myc in HCC cells. However, BCAT1-overexpressing cells with ATO treatment
showed less sensitivity to cisplatin and a higher proliferation or a lower apoptosis rate than ATO-treated cells. In
conclusion, we identified that the BCAT1-inducing chemoresistance to cisplatin was partially suppressed by ATO in
HCC cells. Based on our findings, BCAT1 may act as a therapeutic target for the human HCC, especially with high

chemoresistance to cisplatin.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
leading causes of cancer-related deaths world-
wide. And only a handful of HCC patients are
diagnosed at the early stage. To date, the main
treatment for HCC is surgical resection.
Eventually, most patients will require several
forms of chemotherapy [1]. Cisplatin, one of
the most widely used chemotherapy agents,
demonstrates lower efficacy [1]. Thus, more
research on molecular pathways and new tar-
gets for possible new drug development are
needed. Clinically, arsenic trioxide (ATO) has
been used to treat several types of cancers [2].
Previous study has shown that low concentra-
tions of arsenic trioxide lead to increased sen-
sitivity to cytostatic drugs. When adding arse-
nic trioxide prior to treatment with cisplatin,
doxorubicin, 5-fluorouracil and interferon a-2b
(PIAF), the results show a reduced survival of
tumor cells in a dose-dependent manner for
HCC [3].

Branched-chain aminotransferases (BCATSs)
have a catabolic function, catalyzing the trans-
amination of all three BCAAs to the correspond-
ing branched-chain a-ketoacids and glutamate

[4, 5]. BCAT1 can take part in the regulation of
cell cycle progression, cell proliferation, apopto-
sis and differentiation. Recent studies were
indicative for the important role of BCAT1 in the
progression of several malignancies, including
medulloblastomas, nonseminomas, colorectal
and nasopharyngeal carcinomas and glioblas-
tomas [6-10]. Previous study has shown that
BCAT1 promotes HCC cell proliferation and
induces chemoresistance to cisplatin [5].

This prompts us to investigate whether ATO
inhibits the expression of BCAT1 and BCAT1-
inducing chemoresistance to cisplatin in HCC
cells. Here we present experimental data indic-
ative for strong BCAT1 overexpression in HCC
tumors, which correlates with chemoresistance
to cisplatin in HCC cells. We also show that the
decreased BCAT1 expression by ATO is partially
mediated by the down-regulation of the c-myc
level.

Materials and methods
Tissues and cell culture

We analyzed tumor specimens from 35 patients
with hepatocellular carcinoma (HCC) who
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Figure 1. Representative real-time PCR (A) and western blotting (B) analysis of BCAT1 expression in tumor tissues
and matched para-tumor tissues were shown. n = 35; Values are depicted as mean + SEM; *P < 0.05 by student’s
t-test. Representative real-time PCR (C) and western blotting (D) analysis of BCAT1 expression in HCC cell lines were
shown. n = 3; Values are depicted as mean + SEM; *P < 0.05 by student’s t-test.

underwent surgery for excision of a primary
tumor in the Second Affiliated Hospital of
Nanjing Medical University (Nanjing, China).
Written informed consent was obtained from
the patients, in accordance with the institution-
al guidelines, and the study was approved by
the Committees for the Ethical Review of
Research at the Nanjing Medical University.
Cells were maintained in 5% CO, at 37°C in
Dulbecco’s Modified Eagle Medium (DMEM,
Life Technologies, USA) supplemented with
10% fetal bovine serum (FBS, Life Technolo-
gies, USA), penicillin (100 U/ml), and strepto-
mycin (100 mg/ml, Life Technologies, USA).
Cisplatin and arsenic trioxide were purchased
from Sigma-Aldrich (St. Louis, USA).

Real-time PCR

Total RNA was isolated via using TRIzol
(Invitrogen, USA) according to the manufactur-
er's recommendations. Total RNA was tran-
scribed into cDNA via using AMV Reverse
Transcriptase (Promega, USA). Real-time PCR
was performed with an Applied Biosystems
StepOnePlus and SYBR Green Master Mix
(Takara, Japan). GAPDH was used as control for
normalization. The primers for mMRNAs real-time
PCR were shown as below. BCAT1: Forward
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primer: 5-AGCCCTGCTCTTTGTACTCTT-3’, Rev-
erse primer: 5-CCAGGCTCTTACATACTTGGGA-3'.

Western blotting

Protein from cell lysates were subjected to
SDS-PAGE electrophoresis, and proteins were
transferred to PVDF membranes (Millipore,
USA). The antibodies which are against BCAT1,
c-myc and GAPDH were used according to the
manufacturer’s instructions, and were pur-
chased from Santa Cruz Biotechnology (Santa
Cruz, USA). After using the secondary antibod-
ies (Santa Cruz, USA) at 1:4,000 (v/v) dilutions
in PBS + 0.1% Tween 20, the signals were
detected by SuperSignal Chemiluminescent
Substrate kit (Pierce, Rockford, USA) according
to manufacturer’s instructions. For densitomet-
ric analyses, protein bands on the blots were
measured by the use of Eagle Eye Il software.

MTT assay

Cells were seeded (1 x 10 cells/well) in 96-well
plate. After 48 h, cells were treated with differ-
ent doses of cisplatin, or ATO. Then, 50 pl of
MTT solution (Sigma-Aldrich, USA) was added
to each well, and incubated for 2 h, followed by
addition of 100 yl of DMSO to each well.
Absorbance at 570 nm was measured immedi-
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Figure 2. Effects of BCAT1 on the chemosensitivity of HCC cells to cisplatin. A. Proliferation assay was performed us-
ing scramble and BCAT1 siRNA transfected HCC cells HepG2 and 97H with 20 uM of cisplatin treated for 48 h. The
results obtained from three independent experiments were presented as the mean + SEM. *P < 0.05 by student’s
t-test. B. Apoptosis assay was performed using scramble and BCAT1 siRNA transfected HCC cells HepG2 and 97H
with 20 uM of cisplatin treated for 48 h. Flow cytometry assay was performed to analyze cell apoptosis. The results
obtained from three independent experiments were presented as the mean + SEM. *P < 0.05 by student’s t-test.

ately using a multi well scanner (Labsystems,
Finland).

Apoptosis assay

Apoptosis assay was evaluated with an Annexin
V-Pl assay kit (Miltenyi Biotec, Germany) accord-
ing to the manufacturer’s instructions. The flow
cytometry with a FACS Calibur (BD Bioscience,
USA) was performed to assess the result.

Cell transfection

Control siRNA and BCAT1 siRNA were pur-
chased from Santa Cruz Biotechnology. Cells
were transiently transfected with the Lipo-
fectamine 2000 reagent (Invitrogen, USA)
according to the manufacturer’s instructions.

Statistical analysis

All the histogram was evaluated by perform-
ing GraphPad Prism, version 4.0 (GraphPad
Software, USA). All statistical analyses were
performed with SPSS 16.0. Values are showed
as the means + SEM. The student’s t-tests were
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used to analyze significant differences. Values
of P < 0.05 were considered statistically signi-
ficant.

Results

The expression of BCAT1 was increased in
HCC tissues and cell lines

We examined the expression levels of BCAT1 in
35 HCC clinical samples via utilizing real-time
PCR. Our results suggested that the relative
expression levels in tumor tissues were signifi-
cantly higher compared with those in para-
tumor tissues (Figure 1A). And, the relative
expression of BCAT1 protein levels in tumor tis-
sues were also significantly higher compared
with those in para-tumor tissues (Figure 1B).
Then we observed the expression levels of
BCAT1 in HCC cell lines (HepG2 and 97H) and
normal hepatic cells (LO2) via using real-time
PCR and western blotting. The relative expres-
sion levels of BCAT1 mRNA and protein in
HepG2 and 97H cells were significantly higher
compared with LO2 cells (Figure 1C and 1D).
These results suggest that the expression of
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Figure 3. Arsenic trioxide inhibited the expression of BCAT1. A. HepG2 cells were treated with the indicated concen-
trations of arsenic trioxide (ATO) for 48 h, and were harvested for western blotting analysis of BCAT1 expression. The
results obtained from three independent experiments were presented as the mean + SEM. *P < 0.05 by student’s
t-test. B. HepG2 cells were treated with 5 uyM of ATO for different times. Western blotting analysis was conducted
to measure the expression of BCAT1. The results obtained from three independent experiments were presented as
the mean + SEM. *P < 0.05 by student’s t-test. C. HepG2 cells were treated with 5 uM of ATO or/and 20 uM of cis-
platin for 48 h. Western blotting analysis was conducted to measure the expression of c-myc and BCAT1. The results
obtained from three independent experiments were presented as the mean = SEM. *P < 0.05 by student’s t-test.

BCAT1 was up-regulated in HCC tissues and
cell lines.

BCAT1 induced chemoresistance to cisplatin in
HCC cells

In order to assess the chemosensitivity, MTT
assay and apoptosis assay were performed in
HCC cells. HepG2 cells were treated with differ-
ent concentrations of cisplatin for 48 h, BCAT1
siRNA-treated cells exhibited more sensitivity
to cisplatin and a lower proliferation (Figure 2A)
or a higher apoptosis (Figure 2B) rate than con-
trol cells. Similarly, the suppression of BCAT1
expression in 97H cells enhanced their chemo-
sensitivity to cisplatin, reduced their prolifera-
tion rate and increased their apoptosis. The
results demonstrated that the overexpression
of BCAT1 result in HCC cells more resistant to
cisplatin.

Arsenic trioxide inhibited BCAT1 protein ex-
pression via suppressing c-myc in HCC cells

To determine whether the BCAT1 expression
could be inhibited by arsenic trioxide (ATO), we
treated HCC cells with 2.5, 5, and 10 uyM of
ATO, and examined the protein expression of
BCAT1 at 48 h by western blotting assay. The
results showed that cells with ATO treatment

456

significantly decreased the BCAT1 protein ex-
pression in a dose-dependent manner (Figure
3A). Besides, 5 yM of ATO treatment repressed
the BCAT1 expression in time-dependent man-
ner (Figure 3B). It has been described previ-
ously that ATO treatment decreased c-myc
expression, which is the trans-acting factor of
BCAT1 gene. So HepG2 cells were treated with
5 uM of ATO or/and 20 uM of cisplatin for 48 h.
Western blotting assay was conducted to mea-
sure c-myc and BCAT1 expression. The results
showed that 5 uyM of ATO inhibited the c-myc
and BCAT1 expression (Figure 3C). The results
showed that the decreased BCAT1 expression
by ATO treatment is partially mediated by the
down-regulation of the c-myc level.

BCAT1-inducing chemoresistance to cisplatin
was partially suppressed by ATO in HCC cells

In order to assess the chemosensitivity, MTT
assay and apoptosis assay were performed in
HCC cells. When HepG2 and 97H cells were
treated with 5 uM of ATO or/and 20 yM of cis-
platin for 48 h. ATO-treated cells show a lower
proliferation and less sensitivity to cisplatin
(Figure 4A) or a higher apoptosis (Figure 4B)
rate than normal cells. However, exogenous
BCAT1-overexpressing cells with ATO treatment
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Figure 4. BCAT1-inducing chemoresistance to cisplatin was suppressed by ATO in HCC cells. A. Proliferation assay
was performed to analyze cell apoptosis. The HCC cells were performed using BCAT1-expressing vector, then HepG2
and 97H cells were treated with 5 yM of arsenic trioxide (ATO) or/and 20 uM of cisplatin for 48 h. The results ob-
tained from three independent experiments were presented as the mean + SEM. *P < 0.05 by student’s t-test. B.
Flow cytometry assay was performed to analyze cell apoptosis. The HCC cells were performed using BCAT1-express-
ing vector, then HepG2 and 97H cells were treated with 5 uM of ATO or/and 20 uM of cisplatin for 48 h. The results
obtained from three independent experiments were presented as the mean + SEM. *P < 0.05 by student’s t-test.

showed a higher proliferation and less sensitiv-
ity to cisplatin (Figure 4A) or a lower apoptosis
(Figure 4B) rate than ATO-treated cells. In con-
clusion, these results indicated that BCAT1-
inducing chemoresistance to cisplatin was par-
tially suppressed by ATO in HCC cells.

Discussion

BCAT1 is overexpressed in various human can-
cers tissues than in the corresponding normal
tissues [11]. In addition, we found that the
BCAT1 expression was up-regulated in HCC tis-
sues. The results show that BCAT1 is a hopeful
target for new therapeutic drugs for HCC.

BCAT1 can take part in the regulation of cell
cycle progression, cell proliferation, apoptosis
and differentiation. Although the inhibition of
BCAT1 has been reported to decrease HCC cell
proliferation, the effect on HCC cell apoptosis
has not yet been reported. Here, we found that
the suppression of BCAT1 in 97H cells reduced
their proliferation rate, increased their chemo-
sensitivity to cisplatin and increased their
apoptosis. The results demonstrated that the

457

overexpression of BCAT1 resulted in HCC cells
more resistant to cisplatin. Thus, the suppres-
sion of BCAT1 may be a potential therapeutic
strategy to improve the effects of chemothera-
py and increase clinical outcomes in patients
with HCC.

However, the mechanisms of BCAT1 expression
are not yet clearly. To data, we just know that
BCAT1 is a direct target of c-myc [12]. In MCF-7
cells, estrogen stimulated BCAT1 expression
increased via inducing c-myc expression [13].
In primary NPC, c-myc up-regulation leads to
the overexpression of BCAT1, and BCAT1 over-
expression induces cell proliferation, migration
and invasion [10]. The c-myc knockdown result-
ed in evident suppression of the BCAT1 protein
expression in epithelial ovarian cancer cells [9].
Previous studies have shown that ATO down-
regulated the expression of hTERT, c-Myc, Sp1,
NF-kB and USF2 at both mRNA and protein lev-
els [2, 14]. ATO pretreatment with cisplatin
show a reduced cell survival rate in a dose-
dependent manner for HCC cells [3], so we next
aim to study whether ATO inhibited BCAT1 pro-
tein expression via suppressing c-myc in HCC

Int J Clin Exp Pathol 2017;10(1):453-459
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cells. The results showed that 5 uM of ATO
inhibited c-myc and BCAT1l expression. The
decreased BCAT1 expression by ATO treatment
is partially mediated by the down-regulation of
the c-myc level.

Furthermore, we developed a series of rescue
experiments to further study whether the func-
tional effect of ATO on chemoresistance to cis-
platin in HCC cell lines was exerted via target-
ing BCAT1. ATO-treated cells showed a lower
proliferation and less sensitivity to cisplatin or
a higher apoptosis rate than normal cells.
However, exogenous BCAT1-overexpressing
cells showed less sensitivity to cisplatin and a
higher proliferation or a lower apoptosis rate
than ATO-treated cells. Interestingly, the find-
ings confirmed our hypothesis that proliferation
and apoptosis indeed reversed to some extent
when we overexpressed BCAT1 in HCC cells
with cisplatin treatment.

In conclusion, we identified that the BCAT1-
inducing chemoresistance to cisplatin was par-
tially suppressed by ATO in HCC cells. Based on
our findings, BCAT1 may act as a therapeutic
target for the human HCC, especially with high
chemoresistance to cisplatin.
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