CONCLUSION

In summary, HCC, pancreatic cancers, and their suz-
rounding tissues express AR at various levels (Figure 1).
AR, but not androgen, might be involved in the carcino-
genesis and cancer development of HCC or pancreatic
cancet. In HBV-related hepatocarcinogenesis, the interac-
tion between the CAG repeats in the AR gene as was re-
ported from Taiwan™ *. AR also promotes the transcrip-
tion of HBV, which leads to a higher HBV titer in male
HBV carriers and an increased risk of HCC***, Cur-
rently, the effect of AR on HCV replication is unclear,
however, HCV increases AR-mediated transcriptional ac-
tivity especially in the presence of AR™. AR might play
an important role in pancreatic carcinogenesis and the
development of pancreatic cancer””. AHR is involved in
both HCC®* and pancreatic cancer™*. AR could be
in involved the carcinogenesis of HCC and pancreatic
cancer through MICA/ B¥* Future directions in treat-
ment development should specifically target AR in these
cancets.
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Abstract. The present study examined the expression of
glucose-regulated protein 78 (GRP78/Bip) in human pancre-
atic cancer cell lines and the effect of knockdown of GRP78
on the cleavage of poly(ADP-ribose) polymerase (PARP).
Human pancreatic cancer cell lines (KP-2, MIAPaCa-2,
Panc-1 and SUIT-2), constitutively expressed GRP78. We
also demonstrated that ER stress induced by thapsigargin
upregulated protein levels of GRP78. In the presence of
thapsigargin, knockdown of GRP78 enhanced the PARP
cleavage in the human pancreatic cancer cells. These results
provide evidence that GRP78 is a potential therapeutic target
for ‘difficult-to-treat’ pancreatic cancer, in which ER stress
signaling in part falls into disorder.

Introduction

Pancreatic cancer is almost the deadliest of all malignan-
cies (1). In Japan, pancreatic cancer is currently the fifth leading
cause of cancer-related death among individuals of both
genders (2,3). Resection surgery is still the only potentially
curative treatment for pancreatic cancer, and recent improve-
ments in operative technique have been reported (4). Although
advances in adjuvant treatment have been observed (5), in
general, the prognosis of patients with pancreatic cancer is
still poor. Further studies of the mechanisms of pancreatic
carcinogenesis and cancer development are needed, and new
therapeutic options are highly desirable.

Endoplasmic reticulum (ER) stress response in tumor cells
is critical for tumor cell growth and cancer progression (6).
The ER stress response is mediated by at least three sensor
molecules: inositol-requiring enzyme la (IREla), PKR-like
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ER kinase (PERK), and activating transcription factor 6
(ATF6), which are usually associated with glucose-regulated
protein 78 (GRP78/Bip) (7). ER stress, which is associated
with the accumulation of unfolded proteins, induces unfolded
protein response (UPR), yet if ER stress is overloaded,
cells could face death such as by apoptosis and autophagy.
Downstream of IREla and PERK, the effector molecules,
X-box-binding protein 1 (XBP1) and C/EBP homologous
protein (CHOP), and growth arrest and DNA damage gene 34
(GADD?34) all exist, and they are activated by ER stress. ER
stress also leads to the phosphorylation of eukaryotic transla-
tion initiation factor 2a (eIF2q) (8). For example, p90ATF6 is
converted to the activated form pSOATFO6, and pSOATFG trans-
locates to the nucleus (9). Basic leucine-zipper family factors
pSO0ATF6 and XBPI1 could induce expression of a subset of
UPR-related genes, which include ER stress elements, and are
involved in efficient protein folding, maturation and degrada-
tion in the ER (6).

The association between ER stress response and tumor
growth and progression has been reported (10). We and others
have reported that GRP78 is involved in cancer development
and innate immune response in the liver (11-14). Liver and
pancreas progenitors commonly develop from endoderm cells
in the embryonic foregut (15). Pancreatic epithelial cells have
a highly developed ER due to a strong engagement in diges-
tive enzyme secretion (16). GRP78 is the main target of UPR
signaling that promotes pancreatic cancer cell survival (17).
GRP78 is involved in cancer progression as well as drug
resistance (18,19). Hence, to decrease the ability of pancreatic
cancer cells to survive and proliferate, it may be necessary to
block GRP78 expression (17).

We previously demonstrated that blocking of the induc-
tion of UPR, as well as inhibition of GRP78 expression is
associated with the cleavage of poly(ADP-ribose) polymerase
(PARP) (13). In the present study, we examined the expression
of ER stress-related molecules in human pancreatic cancer cell
lines in the presence or absence of thapsigargin, one of the
ER stress-inducers. We also investigated whether knockdown
of GRP78 by small interfering RNA (siRNA) enhances the
PARP cleavage in human pancreatic cancer cell lines exposed
to ER stress.
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Materials and methods

Cell culture. Human pancreatic cancer cell lines (KP-2,
MIAPaCa-2, Panc-1 and SUIT-2) were grown in RPMI-1640
medium (Sigma, St. Louis, MO, USA) supplemented with 10%
fetal bovine serum, 100 U/ml penicillin and 100 pg/ml strep-
tomycin at 37°C in a humidified atmosphere with 5% CO,.
Inhibitor of sarcoplasmic/endoplasmic reticulum (ER) Ca®*
ATPases (SERCA), thapsigargin, control siRNA (si-control)
and siRNA for GRP78 (si-GRP78) were purchased from
BioVision (Milpitas, CA, USA) and Santa Cruz Biotechnology
(Santa Cruz, CA, USA), respectively.

Western blotting. Twenty-four hours after thapsigargin (1 M)
treatment, cells were lysed in sodium dodecyl sulfate sample
buffer, and after sonication, lysates were processed for western
blot analysis (11). Briefly, protein samples were subjected to
electrophoresis on 5-20% polyacrylamide gels and trans-
ferred onto polyvinylidene difluoride membranes (ATTO,
Tokyo, Japan). Membranes were probed with antibodies
specific for ATF4, ATF6 and tubulin (Abcam, Cambridge,
UK); GADD34, gyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and XBP1 (Santa Cruz); elF2a, phospho-elF2a
(Ser51), GRP78/Bip and PARP (Cell Signaling Technology,
Tokyo, Japan). After washing with PBS-T, the membranes
were incubated with secondary horseradish peroxidase-
conjugated antibodies. Signals were detected by means of
enhanced chemiluminescence (GE Healthcare, Tokyo, Japan)
and scanned by image analyzer LAS-4000 and Image Gauge
(version 3.1) (Fuji Film, Tokyo, Japan) and ImageJ software
(NIH, Bethesda, MD, USA).

Transfection of siRNA. To confirm the effects of GRP78
knockdown on apoptosis, we examined GRP78 knockdown by
small-interfering RNA (siRNA). Cells were transfected with
50 nM si-GRP78 or si-control, using Effectene transfection
reagent (Qiagen, Hilden, Germany) according to the manu-
facturer's protocol (20). After 24 h of transfection, cells were
treated with 1 uM thapsigargin for 24 h.

Statistical analysis. Results are expressed as means #+ stan-
dard deviation (SD). Statistical analysis was performed using
the Student's t-test. A P-value <0.05 was considered to indicate
a statistically significant result.

Results

Human pancreatic cancer cell lines express GRP78. First,
we examined the GRP78 expression in the human pancreatic
cancer cell lines SUIT-2, MIAPaCa-2, Panc-1 and KP-2 (3).
Protein samples were collected from the four pancreatic
cancer cell lines, and protein levels of GRP78 were investi-
gated by western blotting with a specific antibody for GRP78
(Fig. 1). We confirmed that all four pancreatic cancer cell lines
variably expressed GRP7S.

Thapsigargin upregulates the protein levels of GRP78 in the
human pancreatic cancer cell lines. Next, we examined the
effect of thapsigargin, one of the ER stress-inducers, on GRP78
expression in the human pancreatic cancer cell lines (Fig. 2).
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Figure 1. Glucose-regulated protein 78 (GRP78/Bip) is expressed at various
levels in the human pancreatic cancer cell lines. Western blot analyses of
GRP78 and glyceraldehydes 3-phosphate dehydrogenase (GAPDH) in
SUIT-2, MIAPaCa-2, Panc-1 and KP-2 cells.
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Figure 2. Effects of thapsigargin on glucose-regulated protein 78 (GRP78/
Bip) expression in human pancreatic cancer cell lines. (A) Western blot anal-
yses of GRP78 and GAPDH in SUIT-2, MIAPaCa-2, Panc-1 and KP-2 cells
treated with or without 1 M thapsigargin for 24 h. GRP78/glyceraldehyde
3-phosphate dehydrogenase (GAPDH) ratios from 3 independent experi-
ments were measured using ImageJ software in (B) SUIT-2, (C) MIAPaCa-2,
(D) Panc-1 and (E) KP-2 cells, respectively.

Treatment of 1 uM thapsigargin for 24 h led to the upregulation
of GRP78 expression at the protein level [21.5+0.7 vs. 1+0.1
(in untreated control), n=3, p=0.00015; 111.5+1.0 vs. 1+0.12,
n=3, p=0.000010; 5.2+0.57 vs. 1+0.1, n=3, p=0.0023; and
5.9+0.2 vs. 1£0.1, n=3, p=0.00013, respectively, in the SUIT-2,
MIAPaCa-2, Panc-1 and KP-2 cells]. In the MIAPaCa-2, cells
GRP78 expression was more strongly induced than in the
other three cell lines.
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Figure 3. Effects of thapsigargin on growth arrest and DNA damage gene 34
(GADD34), activating transcription factor 4 (ATF4), ATF6 and X-box-
binding protein 1 (XBP1) expression in human pancreatic cancer cell lines
Panc-1 and KP-2. (A) Western blot analyses of GADD34, ATF4, ATF6,
XBP1 and tubulin in Panc-1 and KP-2 cells treated with or without 1 uM
thapsigargin for 24 h. (B) The ratios of GADD34 over tubulin, (C) ATF4
over tubulin, (D) ATF6 over tubulin and (E) XBP!I over tubulin in Panc-1
cells were measured using Imagel] software. (F) The ratios of GADD34 over
tubulin, (G) ATF4 over tubulin, (H) ATF6 over tubulin and (I) XBP1 over
tubulin in KP-2 cells were also measured using ImageJ software.

2345

A PR
S
Thapsigargin (uM) 0 1 0 1

P-elF2¢ e .
B = Pane-1 C = C
£ = - Kp-2
§§12 égm
W - b1l
.E:‘}O’g ,g”::ls,
2¢ B
23506 l 27
52 &2 14
2o 2]
5504 i Léfjo.s
o 0 o 0

Thapsigargin (uM) 0 1 Thapsigargin (oM) 0 1

Figure 4. Effects of thapsigargin on the phosphorylation of Ser51-elF2a
(p-elF20) in human pancreatic cancer cell lines Panc-1 and KP-2. (A) Western
blot analyses of p-elF2a and total elF2a in Panc-1 and KP-2 cells treated with
or without 1 M thapsigargin for 24 h. The ratios of p-eIF2a over total elF2a
were measured using Imagel software in (B) Panc-1 and (C) KP-2 cells.

Effects of thapsigargin on GADD34, ATF4, ATF6 and XBPI
protein expression levels in the human pancreatic cancer
cell lines. We examined the protein expression of ER stress
signaling-associated molecules in the human pancreatic cell
lines treated with or without thapsigargin. The results for the
Panc-1 and KP-2 cells are shown in Fig. 3. In the Panc-1 cells,
ATF4 and ATFG expression was upregulated in the presence
of 1 uM thapsigargin [1.4+0.010 vs. 1+0.023 (in untreated
control), n=3, p=0.000089; and 1.2+0.0027 vs. 1+0.010, n=3,
p=0.00019, respectively] (Fig. 3A, C and D. In the Panc-1 cells,
GADD34 and XBP1 expression at the protein level was down-
regulated in the presence of 1 xM thapsigargin [0.82+0.012
vs. 1£0.0076 (in untreated control), n=3, p=0.0000414; and
0.87+0.024 vs. 1+0.019, n=3, p=0.0012, respectively] (Fig. 3A,
B and E).

On the other hand, in KP-2 cells, the protein expression
levels of GADD34, ATF4, ATF6 and XBP1 were upregulated
in the presence of 1 yM thapsigargin [2.1£0.22 vs. 1+0.012
(in untreated control), n=3, p=0.0063; 1.3+£0.073 vs. 1+0.0062,
n=3, p=0.0088; 2.1+0.022 vs. 1+0.014, n=3, p=0.0000008;
and 1.2+0.019 vs. 1+0.0063, n=3, p=0.00043, respectively]
(Fig. 3A and F-I).

XBP1 was also upregulated in the presence of 1 M thap-
sigargin in both SUIT-2 and MIAPaCa-2 cells, yet we did not
observe any enhancement of GADD34, ATF4 or ATF6 by
thapsigargin (data not shown).

Effects of thapsigargin on the phosphorylation of elF2a in
the human pancreatic cancer cell lines. We also examined
the phosphorylation status of elF2a to understand how thap-
sigargin affects ER stress signaling in Panc-1 and KP-2 cells
(Fig. 4A). In Panc-1 cells, phosphorylation of Ser51-elF2a in
the presence of thapsigargin tended to increase, compared
with that in the absence of thapsigargin (Fig. 4B; 1.1+0.059
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Figure 5. Knockdown of endogenous glucose-regulated protein 78 (GRP78/Bip) by siRNA enhances poly(ADP-ribose) polymerase (PARP) cleavage in
pancreatic cancer cells. Western blot analyses of GRP78 and tubulin in (A) Panc-1 and (B) MIAPaCa-2 cells treated with or without 1 M thapsigargin for 24 h.
Cell lysates were analyzed for GRP78, PARP and tubulin expression using specific antibodies. Bands were analyzed using ImageJ software. (C) Schematic
presentation of endoplasmic reticulum stress (ER) pathways in human pancreatic cancer cell lines.

vs. 120.064, n=3, p=0.17). In the KP-2 cells, significant phos-
phorylation of Ser51-eIF2a in the presence of thapsigargin
was observed when compared with that in the absence of
thapsigargin (Fig. 4C; 2.1+0.14 vs. 1+0.075, n=3, p=0.00050).

Knockdown of endogenous GRP78 enhances PARP cleavage
in the pancreatic cancer cells. We confirmed that the expres-
sion of GRP78 at the protein level was upregulated in all four
human pancreatic cancer cell lines tested, yet other molecules
downstream of GRP78 reported to be involved in ER stress
were expressed at variable levels depending on the individual
cell line. Thus, we focused our examination on GRP78. Our
previous study (13) demonstrated that blocking of GRP78
induction led to PARP cleavage in hepatocyte apoptosis. We
investigated the effect of knockdown of GRP78 by siRNA on
PARP cleavage in pancreatic cancer cells treated with thapsi-
gargin (Fig. 5A and B).

GRP78 expression was significantly inhibited by transfec-
tion with si-GRP78 in the presence of thapsigargin, compared

with that with si-control [1.4+£0.040 vs. 1.8+0.040, n=3,
p=0.00014; and 7.1+0.24 vs. 18.3+0.37, n=3, p=0.0000038,
respectively, in Panc-1 (Fig. 5A) and MIAPaCa-2 cells
(Fig. 5B)].

PARP cleavage was significantly enhanced by transfection
with si-GRP78 in the presence of thapsigargin, compared
with that with si-control [4.5+0.045 vs. 1.6+0.085, n=3,
p=0.00000080; and 2.6+0.13 vs. 1.5+£0.047, n=3, p=0.00016,
respectively, in Panc-1 (Fig. 5A) and MIAPaCa-2 cells
(Fig. 5B)].

Discussion

In the present study, we demonstrated that i) human pancre-
atic cancer cell lines expressed GRP78; ii) ER stress induced
by thapsigargin upregulated protein levels of GRP78 in
human pancreatic cancer cell lines; iii) ER stress-related
molecules downstream of GRP78 were expressed at various
levels according to the respective human pancreatic cancer
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cell lines; and iv) finally, knockdown of GRP78 by siRNA
enhanced PARP cleavage in the human pancreatic cancer
cell lines. To our knowledge, this is the first report to show
the association between GRP78 and PARP cleavage in
pancreatic cancer cell lines treated with thapsigargin.

Our results that human pancreatic cancer cell lines
express GRP78 supported a previous study (21) showing
that the heat shock proteins HSP90 and GRP78 are consti-
tutively expressed in gastrointestinal cancers including
human pancreatic cancer. We also observed that ER stress
induced by thapsigargin upregulated protein levels of GRP78
in human pancreatic cancer cell lines. However, ER stress-
related molecules downstream of GRP78, such as GADD34,
ATF4, ATF6, XBP1 and phospho-elF2a were not constitu-
tively increased by thapsigargin, but rather were dependent
on individual cell lines (Figs. 2-4). These results suggest
that GRP78 may have an impact on many different cellular
processes and survival of pancreatic cancer and that ER
stress signaling downstream of GRP78 can be expected to be
disturbed in pancreatic cancer.

It was reported that an increase in GRP78 expression
in pancreatic cancer cells may enhance and account for the
altered sensitivity of pancreatic cancer to chemotherapeutic
agents (21). UPR regulator GRP78 is an anti-apoptotic protein
that is usually upregulated in cancer and plays a critical role
in chemoresistance in various types of cancers (22). Recently
it was also reported that UPR induction in tumor endothelial
cells under an acidic pH condition is related to chemoresis-
tance and may contribute to therapeutic failure in response
to chemotherapy (23). It was also reported that GRP78 is
overexpressed in malignant cells resistant to therapy (24).

PARP is one of the proteins processed by post-transla-
tional modification and plays a crucial role in many processes,
including DNA repair and cell death (25). During apoptosis,
caspases cause PARP cleavage and inactivation, in which
PARP proteolysis produces an 89-kDa C-terminal fragment
and a 24-kDa N-terminal (25). We observed that in the
presence of thapsigargin, knockdown of GRP78 enhanced
PARP cleavage in human pancreatic cancer cells Panc-1 as
well as MIAPaCa-2. Wang et al reported that suppression of
GRP78 by taxol and vinblastine potentiated the activation
of JNK phosphorylation, caspase-7 and PARP cleavage in
the human breast cancer cell line MCF-7 (26). The Hsp90
inhibitor SNX-2112 also induced PARP cleavage as well
as the reduction in GRP78 expression in the multidrug-
resistant human chronic myeloid leukemia K562/ADR cell
line (27).

Collectively, our results suggest that both GRP78 and
PARP may have key roles in the chemoresistance of pancre-
atic cancer (28) and that GRP78 may be one of the valid
targets against chemoresistance (24). In conclusion, GRP78
is a potential therapeutic target for ‘difficult-to-treat’ pancre-
atic cancer, in which ER stress signaling in part falls into
disorder.
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Previous studies demonstrated that androgen receptor (AR) is expressed in human hepatocellular
carcinoma (HCC), one of the male-dominant diseases. Glucose-regulated protein 78 kDa (GRP78/
Bip), which has a role in cancer development, is one of the androgen response genes in prostate
cell lines. The aim of this study was to investigate the impact of AR on endoplasmic reticulum
(ER)-stress signaling in human hepatoma. AR and GRP78 expressions were examined in human
liver tissue panels. Human hepatoma cells stably expressing short hairpin RNA targeting AR and
Keywords: cells over-expressing AR were generated. The expressions of ER-stress molecules and AR were
AR measured by real-time RT-PCR and Western blotting. The effect of AR on ER-stress responsive
ER-stress gene expression was examined by reporter assay. Strong positive correlation between AR mRNA
GRP78 and GRP78 mRNA was observed in stage I/II-HCCs. AR enhanced ER-stress responsive element
HCC activities and GRP78 expression, and regulated ER-stress response in hepatocytes. Sorafenib
strongly induced significant apoptosis in HepG2 cells by the inhibition of AR and inhibition of the
downstream GRP78. AR seems a co-regulator of GRP78 especially in earlier-stage HCC. AR plays a
critical role in controlling ER-stress, providing new therapeutic options against HCC.

© 2014 Elsevier Inc. All rights reserved.

Sorafenib
Unfolded protein response

Introduction

Hepatocellular carcinoma (HCC) is the most common form of liver
cancer, which is the fifth and seventh most common cancer in men
and women, respectively, worldwide [1]. Most cases of HCC are
associated with chronic hepatitis B virus (HBV) or hepatitis C virus
(HCV) infections {1,2]. Liver resection, transplantation, radiofre-
quency ablation and transcatheter arterial chemoembolization are

*Corresponding author. Fax: +81 43 226 2088.
E-mail address: kandat-cib@umin.acjp (T. Kanda).

http://dx.doi.org/10.1016/j.yexcr.2014.02.017
0014-4827 © 2014 Elsevier Inc. All rights reserved.

possible modalities for improvement of the prognosis of HCC
patients [3]. One-third of HCC patients undergoing surgical resec-
tion reportedly have recurrence [4]. Modalities other than repeated
hepatectomy, liver transplantation and systemic chemotherapy
using molecular target agents such as sorafenib, an oral multiple
kinase inhibitor of vascular endothelial growth factor receptor
(VEGF-R), platelet-derived growth factor receptor and Raf-kinase
(effector of Ras) are needed for recurrent HCC [5]. Understanding
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the molecular pathways of cell growth and death accompanying
human HCC would help to improve diagnosis and prognosis, and
lead to new therapeutic options.

Gender difference has long been considered a unique feature
of human HCC, a male-dominant disease [6]. In fact, virtually all
epidemniological studies have shown that males are dominant in
hepatocarcinogenesis [7]. Androgen receptor (AR) is a ligand-
dependent transcription factor belonging to the nuclear receptor
superfamily {8,9]. AR pathways are involved in sexual development
and in the development of several cancers {10,11]. Androgen binds to
AR, a member of the intracellular receptor family of transcriptional
regulators, which in turn associates with genomic androgen response
elements (AREs) [12,13]. AR responsive genes (ARGs) include VEGF,
transforming growth factor-p1 (TGF-1) and glucose-regulated protein
78 kDa (GRP78/Bip), all with roles in cancer development [13~15}
ARs exist in normal liver tissues as well as in human HCC tissues [16}.
Further, we and others have also demonstrated that AR-mediated
signaling is associated with HBV- and HCV-related hepatocarcinogen-
esis {17,18].

Endoplasmic reticulum (ER)-stress pathway could be involved in
hepatocarcinogenesis {19]. GRP78 is a key component of the unfolded
protein response (UPR) and promotes cell survival under ER-stress
[20,21]. GRP78 functions as an ER chaperone and induces proper
folding and assembly of other polypeptides, leading to the formation
of functional proteins, retention of unassembled precursors to ER,
targeting of misfolded protein for degradation, ER Ca®* binding, and
the regulation of transmembrane ER-stress inducers [22-24]. Three
distinct signaling pathways comprise the mammalian UPR and are
initiated by the ER transmembrane sensors inositol-requiring enzyme
1 (IRE1), protein kinase RNA activated-like ER kinase (PERK), and
activating transcription factor 6 (ATF6) [25], which are associated with
the status of GRP78 expression. Two transmembrane ER kinases,
IRE1a and IRE1, target the transcription factor X-box-binding protein
1 (XBP1) {26,27]. IRET catalyzes a unique splicing event that removes
26 nucleotides from XBP1 mRNA, and this is followed by a relegation
that alters the XBP1 open reading frame [2728]. Activated PERK
phosphorylates the alpha subunit of eukaryotic initiation factor-2
(elF2a), effectively down-regulating protein synthesis [29]. Proteolytic
processing of ATF6 yields an active transcription factor [30,31] that
up-regulates the expression of ER resident proteins, including chaper-
ones and ER-associated degradation (ERAD) components {32]. ATF6
and XBP1 are both implicated in the UPR-target gene expression.

In the present study, we examined the effects of the knockdown
of AR on ER-stress pathways and on apoptotic cell death in human
hepatoma cells. We found that AR knockdown suppressed ER-
stress proteins located down-stream of GRP78, as well as GRP78.
We also found that GRP78 expression was dependent on AR
expression in the early clinical stage of human HCC and that
knockdown of AR and GRP78 enhanced apoptosis in human
hepatoma cell lines. Although AR and ER-stress pathways are
involved in hepatic cell apoptosis [33,34], their interaction is
believed to play an important role in human HCC development.

Materials and methods
Cell culture and reagents

The human hepatoma cell lines HepG2 and Huh7 and immorta-
lized human hepatocyte (IHH) [ 18] were maintained in Dulbecco's
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modified Eagle’s medium (DMEM, Invitrogen, CA, USA) supple-
mented with 10% heat-inactivated fetal calf serum, 100 U/mL of
penicillin G and 100 pg/mL of streptomycin at 37 °C in a 5%-CO,
incubator. Plasmid expressing human AR protein (pSG5-AR) [35]
and AR-response element-directed luciferase reporter plasmid
(PARE4-luc) were kindly provided by Prof. Chawnshang Chang
(University of Rochester, NY, USA) {12], and ER-stress response
element (ERSE)-directed luciferase reporter plasmid (pERSE-luc)
was purchased from Qiagen (Hilden, Germany). Plasmids AR-
shRNA (shAR), STAT3-shRNA (shSTAT3) and control-shRNA (shC)
were purchased from Santa Cruz Biotechnology (Dallas, TX, USA),
corresponding to their respective targets, human AR, human
STAT3, and an unrelated gene as negative control, respectively.
S5a-androstan-17p-ol-3-one (DHT) and 5-aza-2’-deoxycytidine
(5-aza-dC) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Sorafenib and lipopolysaccharide (LPS) were purchased
from Cayman (Ann Arbor, MI, USA) and Imgenex (San Diego, CA,
USA), respectively. The other reagents were purchased from Wako
Pure Chemical Industries (Osaka, Japan).

Clinical HCC specimens and quantitative RT-PCR

A total of 23 primary HCC and 8 non-HCC (chronic hepatitis or
cirrhosis) cDNA samples were purchased from OriGene (Rockville,
MD, USA). All samples were collected under IRB-approved protocols
by OriGene: http:/fwww.origene.com/tissue/tissue_gc.aspx. OriGene
declares that the proper collection and use of human biospecimens
begins with complete protection for the rights and privacy of the
individual. All human subjects are fully informed and are explicitly
asked for their consent to future research use of their samples, even in
cases where such uses are unknown at the time. The samples
considered non-HCC were free of cancer cells on the basis of
pathologic examination. Information of these samples was available
from OriGene: htip://www.origene.com/qPCR/Tissue-gPCR-Arrays.
aspx. Quantitative RT-PCR (qRT-PCR) was performed using primers
specific for AR, GRP78, and B-actin [sense primer (5'-CAGCC-
ATGTACGTTGCTATCCAGG-3') and antisense primer (5'-AGGTCCAGA-
CGCAGGATGGCATG-3')] with Power SYBR Green PCR Master Mix
(Applied Biosystems, Forester City, CA, USA). Quantitative expression
data were acquired using the ABl Prism 7300 system (Applied
Biosystems), and results were analyzed by the ddCt method [33].

Transfection of shRNA and siRNA

To stably establish AR-knockdown cells (HepG2-shAR or Huh7-
shAR), STAT3-knockdown cells (HepG2-shSTAT3) and control cells
(HepG2-shC or Huh7-shC), plasmids AR-shRNA (shAR), STAT3-
shRNA (shSTAT3) and control-shRNA (shC), respectively, were
used. Approximately 0.5x 10° HepG2 cells were placed in
35 mm-plates (fwaki Glass, Tokyo, Japan) 24 h prior to transfec-
tion [36]. Cells were transfected with 0.3 g of each plasmid using
Effectene Transfection Reagent (Qiagen) following the manufac-
turer's protocol. After 48-h transfection, cells were split and
treated with 1pg/mL puromycin for selection of antibiotic-
resistant colonies over a 2-week period. We then examined for
the expression of endogenous AR or STAT3. Similar to HepG2 cells,
we also used Huh7-shAR and Huh7-shC.

To further validate the effects of AR-knockdown on apoptosis,
we also examined AR- and GRP78-knockdown by small-
interfering RNA (siRNA). Cells were transfected with 50 nM each
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of AR siRNA (si-AR), GRP78 siRNA (si-GRP78), or control siRNA (si-
control), using Effectene Transfection Reagent (Qiagen) according
to the manufacturer's protocol [36]. After 24 h of transfection,
cells were treated with 5 M sorafenib and/or 0.5 yM 5-aza-dC
for 24 h.

RNA extraction and real-time reverse transcription-
polymerase chain reaction (RT-PCR)

Total RNA was isolated from cells using the RNeasy Mini Kit
(Qiagen), and then 5pg of RNA was reverse-transcribed using
PrimeScript RT reagent (Perfect Real Time; Takara, Otsu, Japan).
PCR amplification was performed on cDNA templates using primers
specific for GRP78 [sense primer (5- GCCTGTATTTCTAGACCTGCC
-3) and antisense primer (5-TTCATCTTGCCAGCCAGTTG-3")],
CHOP [sense primer (5'-TTAAGTCTAAGGCACTGAGCGTATC-3') and
antisense primer (5'-TGCTTTCAGGTGTGGTGATG-3')], GADD34
[sense primer (5'-ATGTATGGTGAGCGAGAGGC-3') and antisense
primer (5'-GCAGTGTCCTTATCAGAAGGC-3')], and spliced XBP1
mRNA (XBP1s) [sense primer (5-AATGAAGTGAGGCCAGTGG-3')
and antisense primer (5-TCAATACCGCCAGAATCCATG-3')]. The
primers for AR and GAPDH were chosen as described previously
[18]. For RNA quantification, real-time PCR was performed using
SYBR Green 1 in the StepOne real-time PCR system (Applied
Biosystems). Data analysis was based on the ddCt method. Expres-
sions of the genes of interest were normalized to the expression
of GAPDH.

Western blot analysis

Cells were lysed in sodium dodecy! sulfate sample buffer and
processed for Western blot analysis as previously described [18].
Briefly, proteins were subjected to electrophoresis on 5-20%
polyacrylamide gels and transferred onto polyvinylidene difluor-
ide membrane (ATTO, Tokyo, Japan). The membrane was probed
with antibodies specific to GRP78, PERK, phospho-elF2-a (Ser51),
IRE1a, or elF2-« (Cell Signaling, Boston, MA, USA), and XBP1, ATF6,
AR and B-tubulin (Santa Cruz Biotechnology). After washing,
the membrane was incubated with secondary horseradish
peroxidase-conjugated antibodies. Signals were detected by
enhanced chemiluminescence (GE Healthcare, Tokyo, Japan) and
scanned by image analyzer [LAS-4000, Fuji Film, Tokyo, Japan, and
Scion Image (http://scion-image.software.informer.com/)].

Luciferase assay

Cells in six-well plates were transfected with 0.2 pg of reporter
plasmids using Effectene (Qiagen) following the manufacturer's
instructions. Cells were lysed with reporter lysis buffer (Promega,
Madison, WI, USA), and luciferase activity was determined by

luminometer (Luminescencer-JNR II AB-2300; ATTO, Tokyo,

Japan).
Detection of apoptotic cells

APOPercentage Apoptosis Assay (Biocolor, Belfast, Northern
Ireland) was used to quantify apoptosis following the manufac-
turer's instructions. Transfer and exposure of phosphatidylserine
to the exterior surface of the membrane have been linked to the
onset of apoptosis. ~ Phosphatidylserine transmembrane

movement results in uptake of APOPercentage dye by
apoptosis-committed cells. Purple-red stained cells were identi-
fied as apoptotic cells by light microscopy. Purple-red cells/300
cells were counted as previously described [33].

Statistical analysis

All experiments were repeated at least three times independently,
and statistical analysis was performed using Student’s t test with
Microsoft Office software (Excel 2010; Microsoft, Redmond,
WA, USA).

Results
AR and GRP78 mRNA expressions in clinical HCC specimens

First, we evaluated AR and GRP78 mRNA expressions from the 23
HCC tumor and 8 non-HCC samples. The expression levels of AR
mRNA or GRP78 mRNA did not differ significantly between HCC
and non-HCC (data not shown). Spearman’s rank test showed
positive correlation between the expressions of AR mRNA and
GRP78 mRNA in total specimens (P=0.00031, Fig. 1A). Positive
correlations between the expressions of AR mRNA and GRP78
mRNA in total specimens were observed in the 8 non-HCC and 23
HCC samples (P=0.047, and P=0.032, respectively, Fig. 1B and C).
Thirteen stage I/ll HCC samples showed strong positive correla-
tion between the expressions of AR mRNA and GRP78 mRNA
(P=0.0044, Fig. 1D), but 10 stage IlI[/IV HCC samples showed no
correlation between these expressions (P=0.21, Fig. 1E). These
results suggested that the activation of GRP78 gene through AR
could play a critical role in hepatocarcinogenesis in certain early-
stage HCC patients.

Knockdown of endogenous AR decreased GRP78
expression in human hepatoma cells

To investigate the role of endogenous AR in ER-stress response,
we knocked down endogenous AR in the human hepatoma cell
line HepG2 using RNA interference. For the generation of stable
cell lines, HepG2 cells were transfected with the plasmid DNA
shAR, shSTAT3 or control shC, and puromycin-resistant cells were
selected. Cell lysates were prepared for Western blot analysis to
confirm the knockdown of each targeting protein using specific
antibodies. We observed 95% inhibition of AR in HepG2-shAR as
compared with HepG2-shC (P<0.05; n=3) (Fig. 2A) and 90%
inhibition of STAT3 in HepG2-shSTAT3 as compared with HepG2-
shC (P<0.05; n=3) (Fig. 2B).

We examined whether knockdown of AR modulates GRP78
expression at the mRNA level in HepG2 cells by real-time RT-PCR,
and found 97% inhibition of the GRP78 mRNA level in HepG2-
shAR as compared with HepG2-shC (P<0.05; n=3) (Fig. 2C).
However, the GRP78 mRNA level in HepG2-shSTAT3 showed no
inhibition as compared with HepG2-shC [not significant (N.S.);
n=3] (Fig. 2C).

Next, we examined whether knockdown of AR modulates
GRP78 expression at the protein level in HepG2 cells by Western
blotting, and we observed 80% inhibition of GRP78 protein in
HepG2-shAR as compared with HepG2-shC (P<0.05; n=3)
(Fig. 2D). However, the GRP78 protein level in HepG2-shSTAT3
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shC, HepG2-shSTAT3, and HepG2-shAR cells. GRP78 mRNA levels were normalized to GAPDH levels. (D) Western blot analyses of
GRP78 expression in HepG2-shC, HepG2-shSTAT3, and HepG2-shAR cells. *P <0.05, compared with that in HepG2-shC. (E) Western
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showed no inhibition as compared with HepG2-shC (N.S.; n=3)
(Fig. 2D).

We also examined whether flutamide, a non-steroidal anti-
androgen drug, modulates GRP78 expression at the protein level
in HepG2 cells by Western blotting. We observed 50 and 41%
inhibition of the GRP78 protein level treated with 1 nM and

10 nM flutamide, respectively, as compared with untreated con-
trol (Fig. 2E).

Similarly, we also established Huh7-shAR and Huh7-shC. We
observed 60% inhibition of AR in Huh7-shAR as compared with
Huh7-shC (P<0.05; n=3) (Fig. 2F). Similar to HepG2, we also
observed that knockdown of endogenous AR led to 42% inhibition
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of GRP78 protein in Huh7-shAR as compared with Huh7-shC
(P<0.05; n=3) (Fig. 2F). Together, knockdown of AR resulted in
inhibition of GRP78 expression in human hepatoma cell lines.

Overexpression of AR increased ER-stress responsive gene
expression in human hepatocytes

We also overexpressed AR in Huh7 and IHH cells, in which AR
expressions were relatively lower than that of HepG2, to more
conclusively validate the effect of AR on regulating GRP78 expres-
sion. In Huh7 transiently transfected with pSG5-AR, the expression
of GRP78 was increased about 1.6-fold (P<0.05; n=3) (Fig. 3A).
Similarly, in JHH transfected with pSG5-AR, the expression of
GRP78 was increased about 1.9-fold (P<0.05; n=3) (Fig. 3B). Thus,
overexpression of AR led to GRP78 induction in hepatocytes,
supporting the previous observation in prostate cancer cells [15].

-153-

We observed that AR enhanced AR-responsive gene expression
in IHH cells by luciferase assay (Fig. 3C) as well as GRP78
expression by Western blot analysis with or without DHT
(P<0.05; n=3) (Fig. 3B). We also confirmed that overexpression
of AR enhanced ERSE activities in IHH cells by luciferase assay
(Fg. 3D). Moreover, the promoter region of GRP78 genes
(MN_005347) contains at least five AR-binding sites (TGTACA,
TCAACA, GGGACA, TGTTCT and AGAACA) (data not shown). These
results suggested that AR could regulate ER-stress responsive
gene expression as well as GRP78 expression in hepatocytes.

Effects of AR-knockdown on ER-stress pathway in HepG2
cells

UPR is an intracellular signaling pathway that relays signals from
the ER lumen to activate target genes in the nucleus [27].
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Activation of UPR signaling could be triggered by the dissociation
of GRP78 from a class of novel ER transmembrane receptors:
PERK, IRE1, and ATF6. To confirm the effects of the knockdown of
AR on ER-stress responsive gene expression, we examined
whether these three canonical branches of UPR were down-
regulated in HepG2 after knockdown of AR by Western blot
analysis. We observed that PERK, IREl« and ATFG6 expressions
were significantly down-regulated (54%, 63% and 27% inhibition,
respectively) in HepG2-shAR as compared to HepG2-shC (P<0.05;
n=3) (Fig. 4A). We also observed that PERK, IREla and ATFG
expressions were significantly down-regulated (31%, 37% and
20% inhibition, respectively) in HepG2-shSTAT3 as compared to
HepG2-shC (P<0.05; n=3) (Fig. 4A). However, the effect of AR
knockdown on UPR was stronger than that of STAT3,

To unrave! the effect of the down-regulation of IRE1 induced by
knockdown of AR, we examined the expression of IRE1 down-
stream transcription factor XBP1, a component of the integrated
stress response. Activation of the IRE1 branch can specifically be
observed by splicing a 26-nucleotide intron from inactivated XBP1
mRNA (XBP1u), which results in generation of spliced XBP1
mRNA (XBP1s) that encodes the active transcription factor [26].
At the protein level, spliced XBP1 expression was also significantly
down-regulated (85% inhibition) in HepG2-shAR as compared to
HepG2-shC (P<0.05; n=3) (Fig. 4B). XBP1s mRNA was signifi-
cantly down-regulated by about 93% in HepG2-shAR as compared
to HepG2-shC (P<0.05; n=3) (Fig. 4C). A change of XBP1
expression in HepG2-shSTAT3 in comparison to HepG2-shC was
not observed (N.S.; n=3) (Fig. 4B and C).

Phosphorylation of elF2« involves the ER-resident kinase PERK.
Next, we tested the expression of total elF2a and phospho-elF2«
(Ser51). We found that the phosphorylated form of elF2« was also
slightly down-regulated in HepG2-shAR as compared to HepG2-
shC or HepG2-shSTAT3 (Fig. 4B). GADD34 is induced by the PERK
branch and serves as negative feedback mechanism that depho-
sphorylates elF2a and restores protein translation [37]. GADD34
expression at protein levels was significantly down-regulated
(65% inhibition) in HepG2-shAR as compared to HepG2-shC
(Fig. 4B). We also confirmed that GADD34 mRNA was significantly
down-regulated (75% inhibition) in HepG2-shAR as compared to
HepG2-shC (Fig. 4D). Together, these results showed that AR
signaling regulated the ER-stress response.

Knockdown of endogenous AR potentiated HepG2 cells
susceptible to LPS- and sorafenib-induced apoptosis

We have also reported that GRP78 plays an important role in
hepatic cell apoptosis associated with innate immune response
and that LPS administration appeared to impair UPR in human
hepatoma cells [33]. Next, we examined whether knockdown of
endogenous AR made HepG2 susceptible to apoptosis induced by
LPS. We observed an increase of LPS-induced apoptosis (67%) in
HepG2-shAR, compared to that (47%) in HepG2-shC (P<0.05;
n=3) after these cells were treated with 5 pg/mL LPS for 24 h
(Fig. 5A).

Next, we examined the effects of sorafenib, a useful agent
for inoperable HCC [5], with or without 5-aza-dC, which could
also suppress cancer cell proliferation, on apoptosis of HepG2 cells
transfected with si-AR and/or si-GRP78 or si-control (Fig. 5B).
We observed that sorafenib with or without 5-aza-dC induced
significant apoptosis in HepG2 cells transfected with the

combination of si-AR and si-GRP78, compared with HepG2
transfected with si-control, si-AR, or si-GRP78. These siRNAs were
validated by Western blotting (Fig. 5C and D).

Discussion

The present study showed that knockdown of AR led to the
down-regulation of ER-stress markers in hepatocytes, supporting
previous reports that GRP78 is one of the target genes of AR
[15,38-40]. UPR is activated in human cancer including HCC [19],
and HCC is a male-dominant disease [6,7]. AR mediates the
pathophysiological effects of androgens, including sexual differ-
entiation, prostate development, and cancer progression, by
binding to genomic androgen response elements (AREs), which
influence the transcription of AR target genes [13]. Our results
indicated that cross-talk between AR and ER-stress response
might play a critical role in certain types of HCC.

In prostate cancer, significant co-expression of GRP78, phos-
phorylated serine/threonine protein kinase Akt (pAKT), v-erb-b2
avian erythroblastic leukemia viral oncogene homolog 2 (HER2),
HER3 and AR was observed [15]. It was also reported that up-
regulated expression of AR and GRP78 expression in untreated
prostate cancer predicts a less favorable outcome [15]. Bennett
et al. [38] reported that AR signaling promotes temporary
adaptation to ER-stress, and which in turn may contribute to
evasion of prostate tumor cell death. AR could be related to the
increased expression of prostate cancer-related survival markers
such as heat shock protein 27 (HSP27), GRP78, clusterin (CLU),
and cellular FLICE-like inhibitory protein (c-FLIP) in late-stage
prostate cancer. Also, AR gene inhibition could be a therapeutic
target in late-stage prostate cancer [39], although our present
study showed that AR was associated with increased GRP78 in
early-stage HCC. AR inclusions acquire GRP78 to ameliorate
androgen-induced protein misfolding stress in embryonic stem
cells [40]. The above studies indicated the possible associa-
tion between AR and GRP78 in carcinogenesis and cancer
development.

The STAT3 signaling pathway could participate in HCC genesis
and development [41]. In the present study, knockdown of STAT3
did not inhibit GRP78 expression (Fig. 2D), but inhibited the
expressions of PERK, IRElo, and ATF6a weakly (Fig. 3). It was
reported that STAT3 cross-talked with AR-signaling in hepato-
cytes [18]. Further studies will be needed regarding this point.

In the present study, we observed that knockdown of AR led to
down-regulation of GRP78 and also potentiated the susceptibility
of hepatoma cells to apoptosis induced by LPS. The transcription
factor CCAAT/enhancer-binding protein (C/EBP) homologous pro-
tein (CHOP; also known as DDIT3/GADD153) mRNA expression in
HepG2-shAR was similar to that of HepG2-shC (data not shown),
although CHOP was reported to be involved in apoptosis of the
liver [42]. The inherent roles and anti-apoptotic capabilities of
GRP78 indicate a potential role in cancer progression. Suppression
of the GRP78 level results in inhibition of tumor growth in
fibrosarcoma [43] and in apoptosis in hepatoma cell lines [44].
Elevation of GRP78 in the microenvironment of tumors due to
nutrient deprivation or hypoxia confers a survival advantage to
cancer cells and leads to resistance to therapeutics {44]. Further,
positive correlation between GRP78 expression and prognostic
factors of HCC has been reported {19,45].

154~



EXPERIMENTAL CELL RESEARCH 323 (2014) 326-336 333

A C
520
v
; 4.2 9
§o 52 o~ 12
D 22 60 Rl
o %5 120 5% 55 1.
< 2.3 £ 2 30 £z
o i 3 :
v B ¥ 859N ° 5 28 08 -
s £ &g EF &z 0 - &
t & & g5 60 2 28 9 S 06 -
B B T 2 3 5 2 < ZC
2 2 B &3 s & B H =y
5 5 & o5 304 S B SRz E2 04 -
- = 5E =T B R g 2P
- R i N B .
PERK s O o RSN S 02
| ‘ 7 2 % ) g LUK
IREla | ™ E; s; % § ~ = Qoo o
ATF6 | =~ - AR S T % 2 <
&4 % gFo & B %
. fasnd o Soi - 1,
= ¢ o 5§
—~ 25 6 QO =
TS B T
25 30 =z
gé
20
g5 ¢
]
B <
B D
S ~
2 5100 1 3 14
on 8.5 2 &
3 120 &5 2E 12 -
S g 2 5 e
g R £ 50 - i
R o’ < 2 £100 { - 58° gg 1
I % fol . O & <C08_
1 1 T am ag 4:5 N
g 8 8 280 - 3 zZ T
SRR 5 & e 3 o LLE g 0.6 -
& 5 & g < s oo $: Y
T o T 20 60 1 Ex £Z9< 59 04
e I @ Y = Z o
XBP1 | =ty 53 40 - & %5@§ 28 02
P-elF20.| i e <o S5 20 . zgg 23
G Q
Total eIF20. | -0 i © ~ 0 2

GADD34 |t s e |
GAPDH | = e |

HepG2-shC
HepG2-shSTAT3
HepG2-shAR

HepG2-shAR

HepG2-shC

HepG2-shSTAT3
h
L)

GADD34 over GAPDH (%)
S @
S &

Relative protein expression

<@
t

Fig. 4 - Knockdown of endogenous AR decreased unfolded protein response in human hepatoma cells. (A) Western blot analyses of
PERK, IRE1«, ATF6 and p-tubulin expressions in HepG2-shC, HepG2-shSTAT3, and HepG2-shAR. Densitometric analyses were
performed using Scion Image (Scion). *P<0.05, compared with HepG2-shC. (B) Western blot analyses of XBP1, phosphorylated-
elF2a (P-elF2 a), elF2a (total elF2 ), GADD34 and GAPDH expressions in HepG2-shC, HepG2-shSTAT3, and HepG2-shAR. *P<0.05,
compared with HepG2-shC. (C) Real-time PCR analysis of XBP1 expression in HepG2-shC, HepG2-shSTAT3, and HepG2-shAR cells.
XBP1 mRNA levels were normalized to GAPDH levels. *P <0.05, compared with HepG2-shC. (D) Real-time PCR analysis of GADD34
expression in HepG2-shC, HepG2-shSTAT3, and HepG2-shAR cells. GADD34 mRNA levels were normalized to GAPDH levels. *P<0.05,
compared with HepG2-shC.

Sorafenib was the first-approved drug for the systemic che- sorafenib without si-GRP78 did not enhance apoptosis in HepG2
motherapy of HCC, and improved survival of HCC patients was cell, although VEGF is one of the AR-responsive genes {13,18]
documented [5]. In the present study, combination of si-AR with and sorafenib is reported to be an inhibitor of angiogenesis {5].
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Fig. 5 - Effects of knockdown of endogenous androgen receptor (AR) and/or glucose-regulated protein 78 kDa (GRP78) on
apoptosis of human hepatoma cell lines. (A) HepG2 expressing shAR became susceptible to apoptosis induced by lipopolysaccaride
(LPS). Twenty-four hours after 1 x 10° cells were split, cells were treated with 5 pg/mL LPS for 24 h. Apoptosis was evaluated by
Apopercentage Apoptosis Assay. White column, HepG2-shC; black column, HepG2-shAR. *P<0.05, compared with HepG2-shC
untreated with LPS; **P<0.05, compared with HepG2-shC treated with LPS. (B) Transfection of AR siRNA (si-AR) and GRP78 siRNA
(si-GRP78) into HepG2 enhanced apoptosis induced by sorafenib with or without 5-aza-dC. HepG2 cells (1 x 10° cells) were
transfected with 50 nM (si-control, siAR, siGRP78, or siAR and siGRP78) and after 24 h, cells were treated with 5 pM sorafenib with
or without 0.5 pM 5-aza-dC. Apoptosis was evaluated by Apopercentage Apoptosis Assay. *P<0.05, compared with others;

**P <0.05, compared with HepG2-shC treated with 5 uM sorafenib only. (C) Knockdown of AR expression and (D) knockdown of
GRP78 expression in HepG2 cells. At 48 h after transfection of control siRNA (si-control), siRNA targeting AR (si-AR), or siRNA
targeting GRP78 (si-GRP78), lysates were collected from HepG2 cells and immunoblotted with specific antibodies.

Further studies may be needed to investigate the effect of the
combination knockdown of AR with sorafenib on angiogenesis in
HCC development. Recent studies suggested that Raf/MEK inhi-
bitors, and inhibition of the downstream kinase ERK, might be
needed for durable control of B-Raf-mutant melanoma [46,47].
Sorafenib induced significant apoptosis in HepG2 cells transfected
with a combination of AR-siRNA and GRP78-siRNA, suggesting
that more/potent inhibitors of AR, and/or inhibition of the down-
stream of GRP78 may be needed for effective control of sorafenib-
resistant HCC.

At present, the early steps of HCC development are not fully
understood pathologically. In the current study, we found that AR
is a co-regulator of GRP78 especially in the earlier stage of HCC,
and we have uncovered an important role for AR in controlling
ER-stress response in human hepatoma cell lines. AR might have
distinct functional roles in HCC development through the ER-
stress pathway and possibly provide new therapeutic options
against HCC.
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