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Hepatitis B virus (HBV)–induced hepatitis and carcinogen-induced hepatocellular carcinoma (HCC) are associated
with serum androgen concentration. However, how androgen or the androgen receptor (AR) contributes to HBV-
induced hepatocarcinogenesis remains unclear. We found that hepatic AR promotes HBV-induced hepatocarcino-
genesis in HBV transgenic mice that lack AR only in the liver hepatocytes (HBV-L-AR−/y). HBV-L-AR−/y mice that
received a low dose of the carcinogen N′-N′-diethylnitrosamine (DEN) have a lower incidence of HCC and present
with smaller tumor sizes, fewer foci formations, and less a-fetoprotein HCC marker than do their wild-type HBV-AR+/y

littermates. We found that hepatic AR increases the HBV viral titer by enhancing HBV RNA transcription through
direct binding to the androgen response element near the viral core promoter. This activity forms a positive feedback
mechanism with cooperation with its downstream target gene HBx protein to promote hepatocarcinogenesis.
Administration of a chemical compound that selectively degrades AR, ASC-J9, was able to suppress HCC tumor
size in DEN-HBV-AR+/y mice. These results demonstrate that targeting the AR, rather than the androgen, could be
developed as a new therapy to battle HBV-induced HCC.
INTRODUCTION

Hepatitis B virus (HBV) infection is a major epidemiological factor
for the development of hepatocellular carcinoma (HCC) (1), as evi-
denced by a high incidence of HCC in association with an increase
in serum HBV DNA concentrations (2). Higher serum androgen con-
centrations (3, 4) or an androgen receptor (AR) gene containing
shorter CAG repeats (which leads to higher AR activities) has also
been linked to higher risks in HBV-mediated HCC (3, 4). Further-
more, there is a gender disparity in HBV-mediated HCC, where males
are five to seven times as likely as females to contract disease and two
to three times as likely if infected with hepatitis C virus (5, 6). Large
cohort studies also demonstrated that the combination of male gender
and HBV infection had a significant synergistic effect on HCC progres-
sion (7). These epidemiological data suggest that androgen-AR sig-
nals may play key roles in the etiology of HBV-mediated HCC cancer.

However, a reliable animal model that can be used to tease apart
the mechanisms by which HBV contributes to hepatocarcinogenesis
is still lacking. We recently generated a transgenic HBV mouse model
that developed HCC upon exposure to a low dose (2 mg per kilo-
gram of body weight) of N′-N′-diethylnitrosamine (DEN) (8). This
animal model closely resembles human HBV-induced HCC because
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HBV carriers who were exposed to aflatoxins had a higher incidence
of HCC (9–12). This phenomenon was prevalent in sub-Saharan Africa,
east Asia, and southeast Asia, where food and feed crops were more
easily contaminated with aflatoxins, DEN, and alkylbenzene deriva-
tives (13).

Using this newly generated HBV transgenic mouse model, we report
here that loss of hepaticARsuppressesHBV-inducedhepatocarcinogenesis.
RESULTS

Loss of hepatic AR results in suppression of HBV-induced
HCC in a transgenic HBV mouse model
To examine the role of hepatic AR in HBV-mediated HCC, we gen-
erated HBV transgenic mice (Fig. 1A) that specifically lack hepatic
AR (HBV-L-AR−/y). HBV-AR+/y mice treated with a low dose (2 mg/kg
body weight) of DEN developed HCC at the age of 22 to 32 weeks (Fig.
1, C to E). These results mimic previous findings that showed that
HCC could be induced in most HBV transgenic mice at the age of 28
to 32 weeks, but the wild-type AR (AR+/y) DEN-treated mice that
lack HBV transgene remain tumor-free (8).

We found that liver tumor volumes were reduced in HBV-L-AR−/y

mice as compared to wild-type HBV-AR (HBV-AR+/y) littermates (Fig.
1B). At an early stage (22 weeks), we found that 7.7% of HBV-L-AR−/y

mice developed HCC compared to 46.2% of HBV-AR+/y mice (P =
0.0271, Fig. 1C), and none of the wild-type AR+/y mice developed
HCC. At 22 weeks, we also found that 23.1% of HBV-L-AR−/y mice
developed premalignant lesions (including benign lesions such as
adenomas or dysplasia), whereas 69.2% of HBV-AR+/y mice developed
premalignant lesions (P = 0.08, Fig. 1D). Furthermore, we found that
27.3% of HBV-L-AR−/y mice developed tumors with >20 foci, whereas
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>90% of HBV-AR+/y mice have >20 tumor foci (P = 0.002, Fig. 1E).
The ratio of liver weight to body weight, an indicator of the tumor
mass (14), was significantly less in HBV-L-AR−/y mice compared to
HBV-AR+/y littermates (P = 0.0078, Fig. 1F). Also, the messenger
RNA (mRNA) expression of a-fetoprotein (a-AFP), a HCC tumor
marker, was much reduced in HBV-L-AR−/y mice compared to HBV-
AR+/y littermates (P = 0.0115, Fig. 1G), and HCC tumor histology
examination revealed fewer preneoplastic lesions (Fig. 1H) in HBV-
L-AR−/y mice compared to those found in HBV-AR+/y littermates.
Together, these results demonstrate that loss of hepatic AR results
in suppression of HBV-induced HCC.

Hepatic AR increases HBV viral titer by enhancing HBV RNA
transcription by direct binding to ARE near viral core promoter
Because higher AR activity with shorter CAG repeats has been linked
to higher risks in HBV-mediated HCC (3, 4) and a high incidence of

HCC is associated with an increase in serum HBV
DNA concentrations (2), we hypothesized that he-
patic AR may influence HBV-mediated HCC by
modulating HBV viral titer. To test this, we mea-
sured HBV viral DNA from liver samples by PCR
(15) and found that the amount of liver HBV DNA
in HBV-L-AR−/y mice is less than in HBV-AR+/y

littermates by a factor of 5 at the age of 22 weeks
(Fig. 2A), suggesting that hepatic AR might pro-
mote HBV DNA replication. AR has been shown
to function as a transcription factor to enhance RNA
transcription of its target genes (16), so we exam-
ined the effects of hepatic AR on HBV RNA tran-
scription and observed a decrease in HBV mRNA
expression in HBV-L-AR−/y mice compared to HBV-
AR+/y littermates (Fig. 2B). We then determined
AR effects at the transcriptional level and found
that AR could increase HBV core promoter activ-
ity in a dose-dependent manner in human HepG2
cells (Fig. 2C). We identified two potential andro-
gen response elements (AREs) (Fig. 2D, top panel)
on the HBV genome and found that deletion of
the ARE1 site led to minor changes in core pro-
moter activity (Fig. 2D, bottom panel, lanes 2 and
3), whereas deletion of both ARE1 and ARE2 sites
resulted in a significant suppression of core pro-
moter activity (Fig. 2D, lanes 2 and 4). These results
suggest that the ARE2, but not the ARE1, site is es-
sential for AR to regulate transactivation of the HBV
core promoter (Fig. 2D). Chromatin immunopre-
cipitation (ChIP) assay confirmed that AR binds
directly to the ARE2 site in vivo (Fig. 2E). AR-
promoted HBV core promoter activity could be
further enhanced by addition of its downstream tar-
get gene, HBx protein (HBx) (Fig. 2F). This suggests
that the hepatic AR might be able to increase HBV
RNA transcription in the liver by a positive feedback
mechanism in cooperation with its downstream
target gene HBx.

Recent data from a different HBV strain revealed
that AR could increase HBV RNA transcription by
binding to an ARE located on the HBV genome
www.S
(17). The ARE sequence in the alternative HBV strain is quite different
from the ARE sequence we found in the HBV strain used here (Fig.
2G). Yet, AR was able to bind both AREs and enhance HBV RNA
transcription.

Together, the results suggest that hepatic AR may be able to increase
HBV viral titer by promoting HBV RNA transcription through direct
binding to the ARE in the HBV genome.

Hepatic AR increases hepatocarcinogenesis by facilitating
the transformation of normal liver cells to liver tumor
cells in HBV mice
To determine whether the hepatic AR-mediated increase in HBV viral
titer leads to an acceleration in hepatocarcinogenesis by transforming
normal liver cells to liver tumors, we analyzed hepatocyte primary cul-
tures obtained from HBV-AR+/y and HBV-L-AR−/y livers with low
DEN injection and HBV-AR+/y mice livers without low DEN injection.
Fig. 1. HBV-enhanced hepatocarcinogenesis is suppressed in mice with loss of hepatic AR.
(A) Mating scheme of generating AR+/y, HBV-AR+/y, and HBV-L-AR−/y mice. (B) Gross obser-

vation of 32-week-old DEN-injected HBV-AR+/y and HBV-L-AR−/y mouse livers. Scale bar, 1.0 cm.
(C) Tumor incidence [defined as observable tumors >2 mm in diameter (27)] of 22-week-old
DEN-injected HBV-AR+/y (n = 13) and HBV-L-AR−/y (n = 13) mice. (D) Percentage of mice with
premalignant liver lesions in 22-week-old DEN-injected HBV-AR+/y (n = 13) and HBV-L-AR−/y

(n = 13) mice. (E) Percentage of mice with >20 liver tumor foci in 32-week-old HBV-AR+/y

(n = 11) and HBV-L-AR−/y (n = 11) mice injected with DEN. (F) Ratio of liver weight (LW) to
whole-body weight (BW) in 32-week-old HBV-L-AR−/y and HBV-AR+/y mice injected with DEN.
(G) Liver tumor marker a-AFP mRNA expression in HBV-L-AR−/y mice compared to HBV-AR+/y

mice. *P < 0.05, **P < 0.005. Relative a-AFP mRNA expression is normalized by the a-AFP
mRNA expression of HBV-AR+/y. (H) Hematoxylin and eosin staining showing representative
tumors in the two groups of mice. The tumor from the HBV-AR+/y shows a higher grade with
an area of necrosis. Scale bars, 100 mm.
cienceTranslationalMedicine.org 19 May 2010 Vol 2 Issue 32 32ra35 2



R E S EARCH ART I C L E

www.ScienceTranslationalM

EMBARGOED UNTIL 2:00 PM US EASTERN TIME WEDNESDAY, 19 MAY 2010
We found that hepatocytes obtained from HBV-AR+/y

mice with low DEN injection survive well in culture
compared to those from HBV-L-AR−/y mice with
low DEN injection. However, hepatocytes from
HBV-AR+/y mice without low DEN injection could
not be maintained in culture (one passage) (Fig.
3A). To determine the role of hepatic AR in hepa-
tocyte transformation, we stably transfected normal
hepatocyte BNL CL.2 cells with functional AR (Fig.
3, B and C) and showed that they were more easily
transformed by SV40 large T antigen (Fig. 3D, left
top panel) and N-methyl-N-nitrosourea (NMU; Fig.
3D, left bottom panel) compared to BNL CL.2 cells
stably transfected with vector control. Together, these
results demonstrate that the increase in hepatic AR-
mediated HBV viral titer may lead to an increase
in hepatocarcinogenesis by promoting the trans-
formation from normal liver cells to liver tumors.

Hepatic AR promotes HBV-mediated
HCC tumorigenicity
We generated four new HepG2 cell lines via stable
transfection of control, AR, HBV, and AR+HBV,
and demonstrated that the functional AR was stably
transfected in the HepG2-AR and HepG2-HBV(+)
AR cells, and addition of HBV further induces AR
transactivation in HBV(+)AR cells (Fig. 4A). Fur-
thermore, HepG2-HBV(+)AR cells exhibited the
strongest colony-forming ability among the four sta-
ble HepG2 cell lines using anchorage-independent
growth assays (Fig. 4B) and have the least number
of apoptotic cells (Fig. 4C and fig. S1). These data
clearly demonstrate that AR can cooperate with
HBV to promote HCC tumorigenicity. This conclu-
sion is further strengthened by evidence showing
that HCC tumors in HBV-L-AR−/y mice have less
proliferating cell nuclear antigen (PCNA) staining,
an indicator of proliferating cells, as compared to
HBV-AR+/y littermates (Fig. 4, D and E).

To further characterize theAReffects on theHBV-
induced liver tumors, we thenmeasured several HCC
tumorigenicity-related oncogene expressions by three
different assays [complementaryDNA (cDNA)micro-
array, oncogene polymerase chain reaction (PCR)
array, and quantitative real-time PCR (qRT-PCR)]
(table S1).We found that Fos,Myc, andCCND1were
consistently suppressed by three different assays in
tumors from HBV-L-AR−/y mice compared to those
from HBV-AR+/y (Fig. 4F and table S1), suggesting
that AR may be able to enhance HBV-induced HCC
tumorigenesis by modulating the expression of mul-
tiple HCC tumorigenicity-related oncogenes. These
results are consistent with earlier studies showing links
between c-Fos and c-Myc to HBV-mediated carcino-
genesis (18, 19) as well as AR regulation of FosmRNA
expression (20). However, we failed to find any muta-
tions in p53 and CTNNB1, which were reported fre-
quently in tumors from HCC patients (21).
Fig. 2. AR enhances HBV replication through increase of core promoter activity. (A) HBV DNA was
−/y +/y
decreased in22-week-oldHBV-L-AR mice (n=8) compared toHBV-AR mice (n=11). The relative

HBV DNA titer was normalized by the HBV DNA titer of HBV-AR+/y. The P value indicates the com-
parison between HBV-AR+/y and HBV-L-AR−/y mice. **P < 0.005. (B) HBV mRNA in liver decreased in
32-week-old HBV-L-AR−/y mice as compared to HBV-AR+/y mice. The relative HBV RNA expression
was normalized by the HBV RNA of HBV-AR+/y. The P value indicates the comparison between
HBV-AR+/y (n=5) andHBV-L-AR−/y (n=5)mice. *P<0.05. (C) AR increasesHBV core promoter activity
in a dose-dependent manner. *P < 0.05, compared to cells transfected with the vector. Luciferase
activities are normalized by Renilla luciferase activity and are shown as mean ± SEM. (D) Top panel:
Structure of 5′-deletion constructs of the core promoter. The numbers represent the nucleotide
positions in the HBV genome. Green box, putative ARE; red box, HBV pregenome–core promoter.
Bottompanel: AR-inducedcorepromoter activitywasabolishedafter deletionofARE2.Different core
promoter constructs were transfected into HepG2 vector or HepG2-AR stable expression cells. Lu-
ciferase activitywasmeasured24hours after transfection. **P<0.005. (E) ChIP assay confirms thatAR
can bind to the ARE2 site of HBV genome. The putative ARE onHBV and classical ARE are compared
in the bottompanel. (F) Enhancement of AR-induced core promoter activity byHBx. pSG5, pSG5-AR,
core promoter-driven luciferase reporter (CpLuc), pRC/CMV, pCMV-HBx, and pRenilla-TK plasmids
were transfected into HepG2 cells in different combinations. Luciferase activities are normalized
by Renilla luciferase activity and are shown asmean ± SEM. *P < 0.05, **P < 0.005, compared to cells
transfectedwith vectors. (G) HBV-ayw andHBV-adw1AREs are of low similarity. Green letters are the
aligned conserved sequences, whereas red letters are read as putative ARE on the HBV.
edicine.org 19 May 2010 Vol 2 Issue 32 32ra35 3
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Targeting AR rather than androgen is a better therapy
for HBV-related HCC
The gender disparity in HBV DNA and hepatitis B surface antigen
(HBsAg) amounts (17, 22) suggests that androgen ablation therapy
may be a potential therapy for HBV carriers. However, targeting an-
drogen via androgen ablation therapy yielded poor results in a small
clinical study of HBV carriers: Treatment with triptorelin in chronic
HBV-infected patients led to little influence on HBV DNA abundance
and serum HBsAg concentration (23). Here, we demonstrate that
there is a marginal effect of androgen in HBV-induced HCC. Similar
serum testosterone concentrations in HBV-L-AR−/y and HBV-AR+/y

mice were observed despite the reduced HCC incidence and HBV
DNA abundance in HBV-L-AR−/y mice (fig. S2). These results strongly
suggested that AR, rather than androgen, is the key influence on HBV-
induced HCC, and AR might be a better therapeutic target in HBV-
induced HCC than androgen itself. To further confirm this conclusion,
we gavage-fed HBV-AR+/y mice with ASC-J9, a small chemical com-
pound that could degrade AR in selective cells with little toxicity (24),
and found that tumor foci and volume were significantly reduced (Fig.
4, G and H), demonstrating that targeting AR with ASC-J9 [or AR-
siRNA (small interfering RNA)] might represent a new therapeutic
approach to battle the HBV-induced HCC.
DISCUSSION

The vast majority of the evidence that indicates a role for androgen or
the AR in HBV-induced HCC has been derived from indirect epide-
miological studies (3, 4). Our animal data represent in vivo evidence
that hepatic AR can directly influence HBV-induced HCC formation.
We demonstrate that hepatic AR can positively regulate HBV-induced
hepatocarcinogenesis in a newly generated animal model that mimics
clinical HBV-related HCC, which is in agreement with early studies
showing that although HCC and cirrhosis share similar risk factors
and the male gender is one of the dominant risks (25, 26), there were
still HBV carriers who developed HCC without cirrhosis (13). This
suggests that male gender, upon exposure to environmental toxins
such as aflatoxins, may play a significant role in HBV-induced hepa-
tocarcinogenesis. Using another approach, Ma et al. (27) demon-
strated that mice lacking hepatic AR had less hepatocarcinogenesis
after exposure to a higher dose (20 mg/kg body weight) of DEN.
Thus, AR participates in HCC development, whether it is induced
by a high dose of DEN or by a lower dose of DEN administered
together with HBV.

The current study demonstrates that AR can promote hepato-
carcinogenesis as well as HCC tumorigenicity at an early stage. In
prostate cancer, studies have demonstrated that suppression of pros-
tate AR at an early stage resulted in suppression of prostate tumor
progression, yet suppression of prostate AR at a much later stage
led to increased prostate cancer metastasis (28, 29). These dual yet
opposite roles of prostate AR could be due to differential AR signals
in different cells, serving as a stimulator in prostate stromal cells, a
prosurvival signal in prostate epithelial luminal cells, and a suppressor
in prostate epithelial basal intermediate cells (28–30). Suppression of
androgen or AR signals also led to increased infiltrating cells, such as
macrophages as well as B or T cells (31, 32). The HCC tumor micro-
environment is also rich in various cells, including hepatocytes, Kupffer
www.S
cells (specialized macrophages in liver), and infiltrating T or B cells,
which show distinct and important roles for the promotion of HCC tu-
morigenicity (30, 33–35). It will be interesting to see whether targeting
Fig. 3. AR enhances HBV-promoted hepatocyte transformation. (A)
Primary hepatocytes from HBV-AR+/y mice livers have a better passage

ability and viability than those from HBV-L-AR−/y mice when cultured in
vitro. The hepatocytes were isolated from HBV-AR+/y and HBV-L-AR−/y

mice, and cells were continuously propagated until these cells no longer
can be passaged. (B) AR stably transfected into BNL CL.2 cells. Mouse
testes protein extract served as positive control of AR expression, whereas
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as loading
controls. (C) AR transactivation function was tested by cotransfection of
mouse mammary tumor virus (MMTV) luciferase and pRenilla-TK constructs.
The luciferase activity was examined after 24 hours of treatment [ethanol
(EtOH) or 10 nM dihydrotestosterone (DHT)]. The luciferase activities are nor-
malized by Renilla luciferase activity and are shown as means ± SEM. *P <
0.05, compared with transfected cells treated with ethanol. (D) AR enhances
the transformation of HBV-containing hepatocytes. The left top panel shows
representative photos of BNL CL.2 cells transformed by SV40 large T anti-
gen, whereas the left bottom panel shows the cells transformed by NMU.
The right panel shows the quantitation of colony numbers.
cienceTranslationalMedicine.org 19 May 2010 Vol 2 Issue 32 32ra35 4
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Fig. 4. AR enhances HBV-
mediated tumorigenicity and
ASC-J9 suppresses HBV-mediated
tumor growth in mice. (A) Top
panel: Characterizations of AR ex-
pression in HepG2 cells with or
without containing the HBV whole
genome. AR expression was de-
termined by Western blot. Bottom
panel: AR transactivation activity
was enhanced by HBV. Cells were
cotransfected with pMMTV lucifer-
ase reporter and pRenilla-TK plas-
mid DNA. Luciferase activity was
measured 24 hours after treat-
ments (ethanol or 10 nM DHT).
*P < 0.05, **P < 0.005, compared
with control cells treated with
ethanol. (B) AR and HBV cooper-
atively increased the anchorage-
independent growth in HepG2
cells. Colony formation assay was
performed in four stable cell lines
as described in Materials and
Methods. Colonies were stained
and counted after 2 weeks of in-
cubation. *P < 0.05, compared
with HepG2 control cells. (C) AR
and HBV cooperatively decrease
stress-induced apoptosis. *P < 0.05,
compared with HepG2 control
cells. (D) Histological staining of
cell proliferation marker PCNA
in liver tissues of HBV-AR+/y and
HBV-L-AR−/y mice. PCNA signals
were measured by immunostain-
ing and representative pictures
are shown. Magnification, ×100.
Scale bars, 80 mm. (E) Quantita-
tion results of the PCNA-positive
staining. Proliferating cells in 32-
week-old DEN-injected HBV-AR+/y

mice liver tumor are more than
HBV-L-AR−/y mice. We counted
PCNA-positive cells in three areas
(100×) of liver tumor sections of
HBV-AR+/y (n = 4) and HBV-L-AR−/y

(n = 4) mice. Data are shown as
mean ± SEM. The P value indi-
cates the comparison between
HBV-AR+/y and HBV-L-AR−/y mice.
*P < 0.05. (F) Expression of HCC-
associated oncogenes was sup-
pressed inmice with loss of hepatic
AR. The 32-week-old mouse liver
RNA was extracted and assayed.

All the results were shown as mean ± SEM. The P value indicates the com-
parison between HBV-AR+/y and HBV-L-AR−/y mice. *P < 0.05. (G) ASC-J9
suppresses HBV-induced liver tumor foci in mice. (H) The ratio of liver
weight to body weight was reduced in the low-dose, DEN-injected, 36-
week-old HBV-AR+/y mice fed with ASC-J9 (50 mg/kg per day) for 45 days.
The P value indicates the comparison between placebo and ASC-J9. *P <
0.05. (I) AR promotes HBV-induced hepatocarcinogenesis in a positive
feedback manner. The model illustrates that AR induces a positive feed-
www.S
back response on HBV viral production to mediate hepatocarcinogenesis.
(1) Activated AR enhances HBV RNA transcription via binding to ARE on
HBV genome. (2) Increased HBV RNA produces more HBV viral antigen
and HBV DNA. (3) Increased HBx from AR-enhanced HBV RNA tran-
scription can consequently promote AR-enhanced HBV RNA transcription
in a feedback manner. (4) Increased viral antigens in the presence of sub-
minimal dosage of dietary carcinogens can cooperate with AR to promote
hepatocyte transformation.
cienceTranslationalMedicine.org 19 May 2010 Vol 2 Issue 32 32ra35 5
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AR at different stages or in different liver cancer cell components may
also lead to differential effects during HCC progression.

Regardless of which role AR may play in individual HCC cells, the
results from the current study clearly demonstrate that targeting AR,
by either ASC-J9 or AR-siRNA, and not by targeting androgens, as
used in current clinical trials (36), may lead to effective results to sup-
press hepatocarcinogenesis and/or HCC tumorigenicity at early stages.

In summary, ourdatademonstrate thathepaticARcan enhanceHBV-
induced HCC operating via up-regulating HBV DNA replication–
RNA transcription through direct binding to ARE near the viral core
promoter. The consequences of this influence result in promoting the
transformation from normal liver cells to liver tumors and subsequent
tumor proliferation in a positive feedback manner (Fig. 4I). These re-
sults illuminate a new pathway for the development of enhanced ther-
apeutics to battle theHBV-induced hepatocarcinogenesis by specifically
targeting both AR and HBx.
MATERIALS AND METHODS

Tumor induction and ASC-J9 treatment in mice
All of the animal experiments followed the Guidance of the Care and
Use of Laboratory Animals of the National Institutes of Health, with
approval from the Department of Laboratory Animal Medicine, Uni-
versity of Rochester. The mating strategy is illustrated in Fig. 1A. The
female floxed AR homozygous transgenic mice (ARflox/flox) mice (37)
were first crossed with male HBV transgenic (HBV) mice (8) to gen-
erate HBV-ARflox/x female mice, and then the HBV-ARflox/x female
mice were mated with male albumin promoter-driven Cre (Alb-Cre)
transgenic mice (B6.Cg-Tg[Alb-Cre]21Mgn/J; Jackson Laboratories).
After genotyping, the male AR+/y, HBV-AR+/y, and HBV-L-AR−/y mice
were used for experiments. HCC was induced by intraperitoneal in-
jection of low dose of DEN (2 mg/kg body weight) in 16-day-old pups
as previously described (8). For the ASC-J9 (gift from AndroScience)
treatment, the 36-week-old HBV-AR+/y mice treated with low dose of
DEN (2 mg/kg body weight) were gavage-fed with ASC-J9 (50 mg/kg
per mice; daily) for 45 days. The 4× stock solutions were prepared by
dissolving ASC-J9 in solvent (cremophor CL/dimethyl sulfoxide, 1:1)
and stored at −20°C. The stock ASC-J9 was diluted in distilled water
just before administration. After 45 days of feeding, the mice were
killed. The tumor foci, liver weight, and body weight were evaluated
at the time of killing.

HBV RNA and DNA measurement
Total RNA and DNA were extracted from mice liver tissues, and
the HBV DNA amount was measured by qRT-PCR as previously de-
scribed (15). The following primers were used: 5′-CAAGGTATG-
TTGCCCGTTTG-3′ and 5′-AAAGCCCTRCGAACCACTGA-3′.
The total RNA was reverse-transcribed, and HBV RNA amount was
measured by qRT-PCR. The relative HBV DNA and RNA amount was
compared between livers of HBV-AR+/y and HBV-L-AR−/y mice.

Luciferase assay
HepG2 cells were seeded at 2 × 105 per well in 24-well dishes (Fal-
con) and transfected with 1.0 g of DNA per well by using Lipofec-
tamine according to the manufacturer’s protocol (Invitrogen). The
plasmid pRenilla-TK (Promega) was cotransfected in all transfec-
tion experiments as internal control. At 24 hours after transfection,
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the cells were harvested and luciferase activity was measured by
using the Dual-Luciferase kit (Promega). All of the luciferase activ-
ities were normalized by Renilla luciferase activity.

Quantitative real-time PCR
Total RNA was extracted using TRIzol reagent according to the man-
ufacturer’s instructions (Invitrogen). Total RNA (4 mg) was reverse-
transcripted to cDNA by ImProm-II Reverse Transcriptase (Promega).
Expression of different mRNAs was analyzed by qRT-PCR as previ-
ously described (38). For the HCC-related oncogene analysis, from
cDNA microarray and oncogene PCR array analysis, Fos, Myc, and
CCND1 were found consistently down-regulated in HBV-L-AR−/y

mice compared to HBV-AR+/y mice (table S1). Therefore, these gene
expressions were further confirmed via qRT-PCR in HBV-AR+/y (n =
4) and HBV-L-AR−/y (n = 4) mice tumors.

Immunohistochemical staining of
paraffin-embedded sections
Serial 5-mm histologic sections were deparaffinized and rehydrated.
Endogenous peroxidase activity was blocked by incubation with 3%
hydrogen peroxide, and antigen retrieval was done by boiling for 20
min in citrate buffer (pH 6.0). The slides were incubated with the
antibodies overnight at 4°C. After washing twice with phosphate-
buffered saline (PBS), the signals were detected by applying streptavidin-
biotin-peroxidase complex (Vector Laboratories) and revealed by
3,3′-diaminobenzidine (Vector Laboratories). The slides were coun-
terstained with hematoxylin (Vector Laboratories) and mounted with
mounting solution (Vector Laboratories).

Chromatin immunoprecipitation
AR was overexpressed in HepG2 cells containing HBV whole genome
and cultured in 10% fetal bovine serum–Dulbecco’s modified Eagle’s
medium. The cells were subjected to ChIP assay as described pre-
viously (17). Finally, the eluted products were detected by PCR. The
primer sequences flanking both ends of ARE2 in HBV are 5′-GTC-
ATTGGAAGTTATGGGTCCTTGC-3′ and 5′-ACACTTGGCACA-
GACCTGGC-3′. The amplified products were detected by running
2% agarose gel and visualized by ethidium bromide staining. The
AR-binding DNA was pulled down by two AR antibodies (C-19
for C-terminus and N-20 for N-terminus of AR from Santa Cruz
Biotechnology).

Cell transformation assay
BNL CL.2 cells (1 × 105) were seeded in 6-cm2 dishes and infected
with retrovirus carrying SV40 large T antigen or treated with NMU
for 24 hours. After washing three times with PBS, the retrovirus-
infected cells were cultured in the growth medium containing pu-
romycin (1 mg/ml) for 2 weeks. The drug-resistant colonies were
mixed and passaged at the density 1 × 105 in 6-cm dishes. After
five passages, the cells were subjected to soft agar assay as previous-
ly described (39).

Primary hepatocyte culture from mice and cell
passage ability assay
The primary culture was modified from Sawada et al. (40) and Invi-
trogen protocol. In brief, the mice were anesthetized and the livers
were perfused from hepatic portal vein by Liver Perfusion Medium
(Gibco), and then perfusion was continued by collagenase-containing
cienceTranslationalMedicine.org 19 May 2010 Vol 2 Issue 32 32ra35 6



R E S EARCH ART I C L E
EMBARGOED UNTIL 2:00 PM US EASTERN TIME WEDNESDAY, 19 MAY 2010
Liver Digest Medium (Gibco) for 5 min. After perfusion, the livers
were soaked under Liver Digestion Medium, chopped into small
pieces, placed into sterile 50-ml tube, and incubated by shaking at
37°C for 20 min. After livers were digested, erythrocytes were lysed
by ammonium chloride solution (StemCell Technologies) for 1 min,
then washed using hepatocyte wash medium (Gibco), and centrifuged
at 1500 rpm (Beckman GS6-R; rotor: G.H.3.8) for 5 min to discard
tissue debris. After washing, the cells were placed onto 75-cm2 culture
flask in 107 cells per flask and maintained in Williams Medium E
containing 15% fetal calf serum. After 24 hours, the cells were then
washed by PBS to remove unattached cells. After the cells reached
90% confluence, they were subcultured to new flask at 106 cells per
flask concentration.

Serum testosterone concentration and tissue preservation
We killed mice at the indicated time points, drew 1 ml of blood by
cardiocentesis, and immediately assayed for serum testosterone con-
centration (27) using the Coat-A-Count Total Testosterone radio-
immunoassay (Diagnostic Products). We flash-froze fresh tissues in
liquid nitrogen for preservation at −80°C for gene expression assay.
We subjected the hepatic major lobe to 10% neutralized buffered for-
malin (Sigma) for histological analysis.

Apoptosis assay
Cells were subjected to one exposure of ultraviolet (50 J/m2), harvested
24 hours later, and fixed in 70% ethanol. The cells were stained with
propidium iodide (40 mg/ml in PBS). Apoptotic cells were quanti-
fied by FACScan with CellQuest software (Becton-Dickinson) and
presented as the percentage of hypodiploid cells.

Statistical analysis
The cancer incidence was analyzed by using the c2 test and the Fisher
exact test in GraphPad software. The other experiments were assessed
by unpaired Student’s t test and shown as mean ± SEM. P values
<0.05 were considered to be statistically significant.
SUPPLEMENTARY MATERIAL
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Fig. S1. AR and HBV cooperatively reduce stress-induced apoptosis in HepG2 cells.
Fig. S2. Loss of hepatic AR does not influence serum testosterone levels in the HBV-AR+/y and
HBV-L-AR−/y mice.
Fig. S3. Add title here.
Table S1. Expressions of HCC-associated genes are suppressed in HBV mice with loss of hepatic AR.
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Abstracts
One-sentence summary: Targeting androgen receptor may prevent hepatitis B virus–induced liver cancer.

Editor’s Summary:

Hepatocellular carcinoma represents the majority of cases of primary liver cancer; it is the fifth most common
cancer and the third leading cause of cancer death worldwide. Several risk factors for hepatocellular carcinoma
have been identified, but gender and hepatitis B virus (HBV) infection have proven to be uniquely associated
with the disease by undetermined mechanisms. HBV infection alone, which is endemic in many Asian countries
including China, accounts for approximately 53% of hepatocellular carcinoma cases worldwide. Decades of re-
search have examined risk factor exposures such as age, history of hepatitis, occupation, regular alcohol drinking,
regular cigarette smoking, and family history of liver cancer to explain the gender disparities that are so prevalent
among HBV-induced liver cancers, but none of these were fully accountable, suggesting that other unknown
susceptibilities are lurking.
Liver cancer arises most frequently in the setting of chronic liver inflammation. After infection by the hepatitis

virus, the host’s inflammatory immune response to the viral antigens induces hepatocyte damage and is followed
by the pathogenesis of liver cancer. Although it has been postulated that sex hormones may interact with HBV
infection in the process and lead to a dominant sex disparity in liver cancer risk, this has never been decisively
shown. Now, Wu et al. use a genetically modified mouse model of HBV-induced liver cancer to explore how sex
hormones, and specifically their receptors, play a role in promoting the disease. They find that targeting of the
androgen receptor—and not androgens, as is frequently done in the clinic—hampers tumor formation at the
gross and mechanistic levels. These results shed new light on a previously unexplored pathway and provide
an intervention modality that is translatable in the clinic, and may explain why men are more susceptible to
liver cancer than women.
www.ScienceTranslationalMedicine.org 19 May 2010 Vol 2 Issue 32 32ra35 9
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Materials and methods 

Serum testosterone concentration and tissue preservation 

We sacrificed mice at the indicated time points, drew 1 ml of blood by cardiocentesis and 

immediately assayed for serum testosterone level using the Coat-A-Count Total 

Testosterone radioimmunoassay (Diagnostic Products).  

 

Microarray Sample Preparation and Labeling  

The samples for microarray analysis were done according to standard protocol 

(Nimblegen). In brief, double-stranded cDNA from 10µg of total RNA was performed 

using Invitrogen’s SuperScript™ Double-Stranded cDNA Synthesis Kit, and then the 

cDNA was treated with RNase A, the total RNA was cleared by 

phenol/chloroform/isoamyl alcohol and precipitated with ammonium 

acetate/glycogen/ethanol. Gel analysis was used to verify the Double-Stranded cDNA 

step that showed cDNA sample had a smear band of 500–2000bp. The reactions are 

then labeled with Cy3-9mer Primers by Klenow enzyme, followed with precipitation using 

NaCl and isopropanol. The precipitation was re-suspended in 25 μl deionized water.                    

 

Microarray hybridization and data analysis 

Microarrays hybridization was combined with 4 µg each of the sample and NimbleGen 

Hybridization Kit (NimbleGen Systems) was added for the hybridization reaction. 

Hybridization reaction was performed in MAUI Hybridization System (BioMicro). After the 

hybridization, the array was washed and dried according to the NimbleGen Washing Kit 

(NimbleGen Systems) protocol. The array image was acquired with an Axon 4000B laser 



scanner at 5 µm resolution and intensity data was extracted using the software 

NimbleScan (NimbleGen Systems). The data was further examined using NexuExp 

software (BioDiscovery). Gene expression changes with more/less than one fold 

compared with the control group and with p<0.05 were considered statistically significant 

differentially expressed genes between samples. 

 

PCR array analysis 

Total RNA were extracted from mice liver tumors and converted to cDNA by RT2 First 

Strand kit (SABiosciences, MD, USA). Mouse oncogenes and tumor suppressor genes 

expression were examined by PCR array according to the manufacturer’s instructions 

(SABiosciences, MD, USA)(Cat.PAMM-502).  

 

Quantitative Real Time PCR (qRT-PCR) 

Total RNA was extracted using TRIzol reagent according to the manufacturer’s 

instructions (Invitrogen). 4 μg total RNA was reverse transcripted to cDNA by IMProm-II 

Reverse Transcriptase (Promega). Expression of different mRNAs was analyzed by 

qRT-PCR as previously described (1).  
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Suppl. Fig. S1. AR and HBV cooperatively reduce stress-induced

apoptosis in HepG2 cells. Cells were subjected to one exposure of

UV (50 J/m2), harvested 24 hr, and then fixed in 70% ethanol. The

cells were stained with propidium iodide (40 mg/ml in PBS). Apoptotic

cells were quantified by FACScan with CELLQuest software (Becton

Dickinson) and presented as the percentage of hypodiploid cells.
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Suppl. Fig. S2. Loss of hepatic AR does not influence serum testosterone

levels in the HBV-AR+/y and HBV-L-AR-/y mice. The sera from 22-week-

old HBV-AR+/y and HBV-L-AR-/y mice with low dose DEN injection were

collected and measured testosterone levels by ELISA assay. There is no

significant difference of serum androgen levels between two groups of

mice.



Suppl. Fig. S3. Full Western blot of AR expression in HepG2 cells.



Suppl. Table 1, Wu, et al.

Assays gene name fold changed

cDNA microarray

Oncogene PCR array

Real-time PCR

Fos
Met
Smad1
ccnd1
Stat3
Ets1
Caspase 8
Smad4
Mcl1
Myc

Fos
Runx1
Prkca
Tnf
Mycn
Junb
Myc
Kitl
ccnd1
cdh1

Fos
Igf2
Myc
Bcl-xl
ccnd1

9.02
3.86
3.11
3.1
3.08
3.03
2.92
2.53
2.72
2.39

29.47
4.41
2.87
2.5
2.49
2.23
2.17
2.12
1.71
1.68

9.93
3.12
2.94
2.22
1.89

Red color indicates the gene consistently decreased in
HBV-L-AR-/y mice livers in three assays

Suppl. Table 1. Expressions of HCC associated genes are suppressed in HBV

mice with loss of hepatic AR. Oncogene expressions in HBV-L-AR-/y and HBV-

AR+/y tumors were measured by cDNA microarray, oncogene PCR array

(SABiosciences), and quantitative real-time PCR. The significantly down-

regulated oncogenes in HBV-L-AR-/y tumors from the three assays are listed.
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