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Hepatitis B virus is a major etiological factor of hepatocellular carcinoma, but the underlying mechanisms
remain unclear. We have previously demonstrated that upregulation of cyclooxygenase (COX)-2 in chronic
hepatitis B persisted despite successful antiviral therapy. In this study, we investigated the relationship
between the transactivator HBx and COX-2 in hepatitis B virus-associated chronic liver diseases. Expressions
of HBx and COX-2 in tissue specimens were determined by single and double immunohistochemistry. The
effects of HBx on COX-2 and prostaglandin E2 production were studied by transfection. HBx was expressed in
11/11 (100%) of chronic hepatitis B, 23/23 (100%) of cirrhosis, and 18/23 (78%) of hepatocellular carcinoma,
whereas no immunoreactivity was found in four nonalcoholic steato-hepatitis controls. COX-2 expression was
also detected in all specimens of liver lesions except in only 29% of poorly differentiated hepatocellular
carcinoma. Significant correlation between HBx and COX-2 immunoreactivity scores was found in different
types of chronic liver diseases (chronic hepatitis B, rs¼ 0.68; cirrhosis, rs¼ 0.57; hepatocellular carcinoma,
rs¼ 0.45). Double immunohistochemistry showed colocalization of HBx and COX-2 in hepatic parenchymal
cells. Similar to COX-2, there was no significant change in HBx expression in patients with chronic hepatitis B
after interferon and lamivudine therapy when hepatitis B virus DNA became undetectable and inflammation
subsided. Transfection of Hep3B hepatocellular carcinoma cells with HBx increased COX-2 expression and
prostaglandin E2 production. HBx was localized mainly in the cytoplasm and less in nucleus, as found in the
liver lesions. In conclusion, our results strongly suggested that there was a close relationship between HBx and
COX-2. COX-2 might represent an important cellular effector of HBx that contributes to hepatitis B virus-
associated hepatocarcinogenesis.
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Hepatitis B virus is a major etiological agent of
hepatocellular carcinoma; and it increases the risk
of developing hepatocellular carcinoma by over 200-
fold.1 The smallest hepatitis B virus open-reading
frame encodes the X protein of hepatitis B virus
(HBx) that appears to be important for hepatocel-
lular transformation in vitro2 and hepatocellular
carcinoma formation in transgenic mice.3,4 However,

the underlying mechanisms of HBx-mediated onco-
genicity remain unclear.

Cyclooxygenase (COX) catalyzes the rate-limiting
step of prostaglandin biosynthesis. Two COX iso-
forms have been identified: COX-1 is expressed
constitutively, whereas COX-2 is induced by growth
factors, tumor promoters, and cytokines.5 Over-
expression of COX-2 has been reported in tumors
of colon, pancreas, esophagus, and stomach as well
as in the corresponding premalignant lesions.6–9

Gene deletion studies have demonstrated that
COX-2 plays a critical role in the development of
intestinal neoplasia.10 Using a genetic gain-of-
function approach, enhanced COX-2 expression is
shown to be sufficient to induce tumorigenesis.11

Recently, COX-2 upregulation is also found in
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cirrhosis and well-differentiated hepatocellular car-
cinoma, but less so in poorly differentiated hepato-
cellular carcinoma, suggesting that COX-2 is
involved in early steps of hepatocarcinogenesis.12,13

We have previously demonstrated upregulation of
COX-2 in hepatocytes of chronic hepatitis B, which
persisted even after successful antiviral therapies.14

Therefore, upregulation of COX-2 does not simply
reflect inflammatory activity. Instead, it might be
related to the presence of hepatitis B virus genome
in the hepatocytes. As both HBx and COX-2 are
related to hepatocarcinogenesis, we hypothesized
that the integrated HBx gene in host hepatocytes is
the cause of COX-2 upregulation. In this study, we
investigated (1) the relationship between HBx and
COX-2 in chronic liver diseases and (2) in vitro
induction of COX-2 gene expression by HBx.

Materials and methods

Patient Samples

In all, 23 surgically resected hepatocellular carcino-
ma tissues with adjacent nontumorous cirrhotic
livers and 11 chronic hepatitis B biopsies were used
in this study. Each hepatocellular carcinoma was
histologically graded into one of three categories:
well-differentiated, moderately differentiated, or
poorly differentiated, according to the criteria
proposed by the Liver Cancer Study Group of
Japan.15 Six chronic hepatitis B patients received
lamivudine 100mg per day for 1 year and five
patients received interferon-alfa 5–10MU three
times per week for 16–24 weeks. Liver biopsy was
performed before treatment and follow-up biopsy
was performed at second year for patients on
lamivudine, and at 1 year post-treatment for patients
on interferon. All patients responded to lamivudine
or interferon therapy by a sustained hepatitis B e
antigen sero-conversion to anti-hepatitis B e anti-
bodies, disappearance of hepatitis B virus DNA in
serum (bDNA assay, Chiron Diagnostic, Emeryville,
CA, USA), normalization of alanine aminotransfer-
ase and resolution of histological hepatic necro-

inflammation (Table 1). Pre- and post-treatment liver
biopsies were processed for immunohistochemical
staining. The histology activity index16 of the speci-
mens was scored by a single pathologist (KFT). Liver
biopsy specimens from four nonalcoholic steato-
hepatitis patients, in whom hepatitis B virus and
hepatitis C virus coinfection, autoimmune hepatitis
and metabolic diseases were excluded, were used as
controls for the study.

Immunohistochemistry

Liver tissues were fixed in 10% buffered forma-
lin and embedded in paraffin. Sections (5 mm in
thickness) were cut and mounted on 3-amino-
propyltriethoxysilane-coated slides (Marienfeld,
Badmergentheim, Germany). Sections were depar-
affinized and rehydrated to Tris-buffered saline,
followed by microwave treatment for 10min. En-
dogenous peroxidase activity was blocked with 3%
H2O2 in methanol for 20min. Nonspecific binding
was blocked with 2% swine serum (DAKO, Glostr-
up, Denmark), and then incubated with a rabbit
polyclonal antibody to HBx (a gift from Dr Mark A
Feitelson, Thomas Jefferson University, Philadel-
phia, PA, USA) in Tris-buffered saline containing
1% bovine serum albumin overnight. The specificity
of this anti-HBx antibody has been rigorously
tested.17 Tissue section was incubated with the
same buffer without the antibody as negative
control. This was followed by biotinylated swine
anti-rabbit immunoglobulins (1:200; DAKO) and
streptavidin/horseradish peroxidase complex
(1:400; DAKO) incubation, both for 45min. The
color was developed in 3,30-diaminobenzidine (Sig-
ma, St Louis, MO, USA). The sections were then
counterstained with Mayer’s hematoxylin. As the
anti-HBx antibody crossreacts with CK 18,18 we used
a monoclonal anti-human antibody (1:10; DAKO) as
an internal control for the immunostaining experi-
ments. Cytokeratin 18 immunoreactivity was only
observed in epithelial cells of the bile ducts and bile
ductules but not in hepatocyte (data not shown).

Table 1 Serological and histological data of chronic hepatitis B patients upon antiviral treatments

Antiviral treatment (n¼ 11)

Pretreatment Posttreatment P

HBeAg + �
Anti-HBe � +
Detectable HBV-DNA 10/11 0/11
HBV-DNA (Meq/ml)a 56.98 (o0.7–1494) o0.7 (o0.7–o0.7)
Serum ALT (IU/L)a 184 (69–613) 30 (18–36) o0.001
Necro-inflammatory scorea,b 8.5 (5–11) 2 (1–4) o0.001

a
Data are expressed in median (range).

b
n¼ 10 due to inadequate tissue for necro-inflammatory scoring in one specimen.
HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; +, positive; �, negative.
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COX-2 immunostaining was performed using a goat
polyclonal antibody (1:100; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) as previously de-
scribed.14 Anti-COX-2 antibody neutralized by
preabsorption with the blocking peptide (five-fold
excess by weight, Santa Cruz Biotechnology) served
as specificity control.

All specimens stained for HBx and COX-2 were
scored by two independent investigators (ASLC,
KFT) who were blinded to the patient groups and
treatments. The scoring was based on intensity and
extensiveness (by percentage population) of the
positively stained cells.17 Both parameters were
scored on a scale of 0–3 as follows: (a) intensity (0¼
negative staining, 1¼weakly positive staining, 2¼
moderately positive staining and 3¼ strongly posi-
tive staining) and (b) extensiveness (0¼negative,
1¼positive staining in o30% of cells, 2¼ 30–70%
and 3¼470%). The score of each specimen was the
sum of both parameters.

Double immunostaining was performed using the
DAKO EnVision Doublestain System according to
the manufacturer’s protocol. Briefly, the section was
incubated with anti-COX-2 antibody after peroxi-
dase blocking. It was followed by anti-goat immuno-
peroxidase polymer (Histofine, Tokyo, Japan) incu-
bation and the signal was subsequently developed
in 3,30-diaminobenzidine solution. After nonspeci-
fic blocking, the section was further incubated with
anti-HBx antibody and alkaline phosphatase-labeled
polymer. The HBx signal was developed in nitroblue
tetrazolium solution (Roche, Indianapolis, IN, USA).

Plasmids

The HBx open-reading frame was amplified from
hepatitis B virus adw2 subtype (Eurohep hepatitis B
virus standard, Gottingen, Germany) and engineered
to contain flanking EcoRI and SalI restriction sites.
The PCR product was digested with the restriction
enzymes and the EcoRI–SalI HBx fragment was
ligated into pEGFP-C1 or pIRES2-EGFP plasmid
(CLONTECH, Palo Alto, CA, USA). The resulting
plasmid (pEGFP-C1-HBx or pIRES2-EGFP-HBx) ex-
pressed enhanced green fluorescent protein (EGFP)
as reporter for HBx expression. The pIRES2-EGFP-
HBx plasmid was then digested with EcoRI in
combination with SmaI and ligated with a larger
fragment of pcDNA3 (Invitrogen, Carlsbad, CA,
USA), which was double-digested with EcoRI and
EcoRV. In the final plasmid pcDNA3-HBx, HBx gene
was under the control of cytomegalovirus promoter.

Cell Culture

Hep3B cells (American Type Culture Collection,
Rockville, MD, USA) were used in this study, which
was derived from hepatocellular carcinoma and
carrying integrated-hepatitis B virus DNA in the
genome. The cells were grown in Dulbecco’s

modified Eagle medium (Invitrogen) supplemented
with 10% heat-inactivated fetal bovine serum
(Invitrogen) and 100U/ml penicillin and 100 mg/ml
streptomycin (Invitrogen). Hep3B cells (3� 105)
were plated in 35-mm dishes and maintained in a
humidified atmosphere of 95% air and 5% CO2 at
371C. In some dishes, Hep3B cells were applied to
coverslips placed on the bottom prior to cell
seeding.

Transfection

LipofectAMINE PLUS Reagent (Invitrogen) was
used in the transfection experiments. After over-
night growth, Hep3B cells were incubated with
serum-free medium containing 10 mg of pEGFP-C1-
HBx or pcDNA3-HBx plasmid DNA and transfection
reagents for 5 h. After incubation, the transfection
medium containing the complexes was replaced
with medium supplemented with 10% fetal bovine
serum. The RNA and protein were extracted at 24
and 48h after the start of transfection. The cells
applied on the coverslips were fixed by methanol
and the intracellular distribution of EGFP or EGFP-
HBx was examined by fluorescence microscopy.
Sham-transfection with pEGFP-C1 or pcDNA3 plas-
mid served as control.

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

Total RNA and protein were isolated from Hep3B
cells using Trizol reagent (Invitrogen). A measure of
2mg of RNA from each sample was incubated for
10min at 651C and then cooled for 2min at 41C.
Subsequently, the RNA was reverse-transcribed for
1h at 371C in a 20ml reaction mix containing 1�
reverse transcription buffer (Invitrogen), 5mM
MgCl2 (Invitrogen), 1mM dNTPs (Invitrogen), 0.4 ml
random primer (Invitrogen), 1.5U of AMV reverse
transcriptase (Invitrogen) and 16U of RNasin RNA
inhibitor (Promega, Madison, WI, USA). The reac-
tion was terminated after 5min at 961C. In total, 5%
of the newly synthesized cDNA (1 ml) was amplified
in a 30-ml reaction mixture containing 1� reaction
buffer (Invitrogen), 2mM MgCl2 (Invitrogen),
0.25mM dNTPs (MBI Fermentas, Vilnius, Lithua-
nia), 0.2mM of HBx forward and reverse primers
and 0.75U of Taq polymerase (Amersham, Buck-
inghamshire, England) for 35 cycles (conditions
per cycle: 941C, 1min; 681C, 30 s; 721C, 1.5min).
The HBx forward and reverse primer sequ-
ences are 50-CCGGAATTCATGGCTGCTAGGC-30

and 50-GACGCGTCGACTTAGGCAGAGGTGAAAA
30, respectively. COX-2 was amplified in the same
reaction mix except the primers: 50-TTCAAATGA-
GATTGTGGGAAAATTGCT-30 (forward) and 50-
AGATCATCTCTGCCTGAGTATCTT-30 (reverse) for
35 cycles (conditions per cycle: 961C, 24 s; 581C,
48 s; 721C, 1min). b-Actin was also amplified to
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assess the equality of RNA amount in each sample.14

The sizes of the PCR products of HBx, COX-2, and b-
actin were 485, 305, and 654 base-pair, respectively.

Western Blot Analysis

Protein was dissolved in 1% SDS with protease
inhibitor cocktail (Roche) and protein concentration
was measured by the method of Lowry (Bio-Rad,
Hercules, CA, USA). A measure of 50 mg of protein
was loaded per lane, separated by 10% SDS-
polyacrylamide gel electrophoresis under reducing
conditions, and transferred onto equilibrated poly-
vinylidene difluoride membrane (Amersham) by
electroblotting. Membranes were blocked by 5%
nonfat dry milk in Tris-buffered saline for overnight.
HBx protein was detected with a monoclonal anti-
body against HBx (Chemicon, Temecula, CA, USA)
at a dilution of 1:500 at RT for 2.5 h. After 45min
of anti-mouse-horseradish peroxidase antibody
incubation (1:1000; Santa Cruz Biotechnology),
enhanced chemiluminescence (Pierce, Rockford,
IL, USA) was determined by exposure to X-ray film
(Fuji, Dusseldorf, Germany). Western blot for b-actin
was also performed as an internal (sample loading)
control using a monoclonal antibody (Sigma) (data
not shown).

Prostaglandin E2 Analysis

Prostaglandin E2 was purified from the culture
supernatant using the Amprep C18minicolumn
(Amersham) and measured by the Biotrak Prosta-
glandin E2 competitive enzyme immunoassay sys-
tem (Amersham) according to the manufacturer’s
instructions.

Statistical Analysis

The relationships among HBx and COX-2 immunor-
eactivities in different types of chronic liver dis-
eases, as well as with differentiation status of
hepatocellular carcinoma specimens were compared
by Spearman’s rho test. Two-tailed Mann–Whitney
U-test was used to compare the serum ALT levels,
necro-inflammatory score, fibrosis score, HBx and
COX-2 immunoreactivities between the pre- and
post-treatment liver specimens. Statistical signifi-
cance was taken at Po0.05.

Results

Expressions of HBx and COX-2 in Chronic Hepatitis B,
Cirrhosis, and Hepatocellular Carcinoma

Immunohistochemistry showed that HBx was
expressed in 100% (11/11) of chronic hepatitis B,
100% (23/23) of cirrhosis, and 78% (18/23) of
hepatocellular carcinoma specimens (Table 2).
Among the hepatocellular carcinoma specimens,
all (5/5) well-differentiated hepatocellular carcino-
ma expressed HBx, while 82% (9/11) of moderately
and 57% (4/7) of poorly differentiated hepatocellu-
lar carcinoma had HBx expression. HBx immunor-
eactivity was observed mainly in the cytoplasm of
hepatic parenchymal cells of chronic hepatitis B
(Figure 1), cirrhosis, and neoplastic cells of hepato-
cellular carcinoma tissues (Figure 2). Nuclear stain-
ing of HBx was uncommon.

In chronic hepatitis B specimens (480%), HBx
immunoreactivity was detected in more than 30% of
liver cells (Figure 1a and b). Tissue section was
negative when primary antibody was omitted (data
not shown). In all, four nonalcoholic steato-hepatitis

Table 2 Expressions of HBx and COX-2 in liver specimens from different types of chronic liver diseases

Number tested % of +ve cases Frequency (%) Intensity (%)

o30% 30–70% 470% + ++ +++

HBx
Chronic hepatitis B 11 100 18.2 27.3 54.5 54.5 45.5 0
Cirrhosis 23 100 56.5 34.8 8.7 47.8 52.2 0
Hepatocellular carcinoma
Total 23 78.3 47.8 26.1 4.3 56.5 21.7 0
Well-diff 5 100 40 40 20 60 40 0
Moderately diff 11 81.8 54.5 27.3 0 54.5 27.3 0
Poorly diff 7 57.1 42.9 14.3 0 57.1 0 0

COX-2
Chronic hepatitis B 11 100 0 9.1 90.9 54.5 45.5 0
Cirrhosis 23 100 34.8 47.8 17.4 65.2 34.8 0
Hepatocellular carcinoma
Total 23 78.3 47.8 21.7 8.7 69.6 8.7 0
Well-diff 5 100 20 60 20 80 20 0
Moderately diff 11 100 72.7 18.2 9.1 90.9 9.1 0
Poorly diff 7 28.6 28.6 0 0 28.6 0 0

Diff, differentiated.
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patients, HBx immunoreactivity was not found in
hepatocyte and thus further validated the specificity
of anti-HBx antibody (Figure 1c). Over 40% of
cirrhosis specimens showed HBx expression in
more than 30% of liver cells (Figure 2a and b).
Among the hepatocellular carcinoma tissues, 60%

of well-differentiated hepatocellular carcinoma
were HBx-positive in more than 30% of tumor cells
(Figure 2c). In contrast, HBx was undetectable or
present in less than 30% of tumor cells in over 80%
of poorly differentiated hepatocellular carcinoma
(Figure 2d). There was a close correlation between
HBx immunoreactivity and differentiation status of
hepatocellular carcinoma specimens (rs¼�0.49,
P¼ 0.019).

COX-2 expression was also detected in all speci-
mens of chronic hepatitis B and cirrhosis but only in
78% (18/23) of hepatocellular carcinoma by immu-
nohistochemistry (Table 2). All well- and moder-
ately differentiated hepatocellular carcinoma
expressed COX-2 but only 29% (2/7) of poorly
differentiated hepatocellular carcinoma had COX-2
expression. In accordance with previous studies,
COX-2 immunoreactivity was found to have sig-
nificant correlation with hepatocellular carcinoma
differentiation (rs¼�0.81, Po0.001). When com-
paring HBx and COX-2 expressions in different
hepatitis B virus-associated chronic liver diseases,
significant correlations were found in all types
including chronic hepatitis B (rs¼ 0.68, P¼ 0.021),
cirrhosis (rs¼ 0.57, P¼ 0.004), and hepatocellular
carcinoma (rs¼ 0.45, P¼ 0.031).

To further characterize the relationship between
HBx and COX-2, serial sections of liver specimens
were stained for both antigens. COX-2 staining was
mainly found in the cytoplasm of hepatocytes in the
cirrhotic lobule (Figure 3a). Consecutive section
stained for HBx also demonstrated cytoplasmic
staining in the hepatocytes (Figure 3b). Double
immunostaining on the serial section showed that
HBx and COX-2 colocalized in some hepatocytes of
the lobule (Figure 3c).

Effects of Antiviral Therapies on HBx and
COX-2 Expression

HBx immunostaining was performed on the pre- and
post-treatment chronic hepatitis B specimens. Al-
beit having marked reductions in the necro-inflam-
matory activities after antiviral therapies (Table 3),
HBx immunoreactivity was still detectable in the
hepatic lobules after interferon or lamivudine treat-
ment (Figure 4). There was also no noticeable

Figure 1 Representative microphotographs of HBx immunohis-
tochemistry in hepatitis B virus-associated chronic liver diseases
and nonalcoholic steato-hepatitis patients. (a) Immunohistochem-
ical staining of HBx revealed diffuse positivity in the hepatocytes
throughout the lobule of a chronic hepatitis B patient. The
inflammatory cells in the portal region were negative (original
magnification, � 200). (b) HBx immunoreactivity was observed in
the cytoplasm of the hepatocytes of a chronic hepatitis B patient.
Membranous staining of HBx in hepatocytes (arrows) was also
detected (original magnification, �400). (c) No HBx immunor-
eactivity could be observed in the hepatic lobule of a nonalco-
holic steato-hepatitis patient except nonspecific reaction in the
bile ductules (original magnification, � 200).
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Figure 2 Immunohistochemical detection of HBx in cirrhosis and hepatocellular carcinoma specimens. (a) and (b) Immunohistochem-
ical staining for HBx in a hepatitis B virus-associated cirrhosis specimens. Cytoplasmic staining of hepatocytes with HBx was observed
(a, original magnification, � 200; b, original magnification, � 400). (c) More intense and widespread HBx immunoreactivity was
observed in the cytoplasm of tumor cells in a well-differentiated hepatocellular carcinoma (original magnification, � 400). (d) Only weak
and focal immunoreactivity could be observed in tumor cells in a poorly differentiated hepatocellular carcinoma (original magnification,
� 400).

Table 3 Immunohistochemical and histological scores of chronic hepatitis B patients upon antiviral treatments

Patient Treatment HBx COX-2 Necro-inflammatory score Fibrosis score

Pre- Post- Pre- Post- Pre- Post- Pre- Post-

1 Interferon 5 3 4 5 8 4 1 1
2 Interferon 4 4 4 5 5 2 1 1
3 Interferon 3 4 4 5 5 1 3 1
4 Interferon 4 2 5 5 6 2 1 0
5 Interferon 5 4 5 5 9 3 1 1
6 Lamivudine 5 3 5 3 11 1 1 1
7a Lamivudine 3 3 4 5 — — — —
8 Lamivudine 2 4 4 5 5 2 1 1
9 Lamivudine 5 3 5 4 11 2 1 1
10 Lamivudine 2 3 4 3 9 2 1 1
11 Lamivudine 3 2 4 4 11 1 1 0

Median (range) 4 (2–5) 3 (2–4) 4 (4–5) 5 (3–5) 8.5 (5–11) 2 (1–4) 1 (1–3) 1 (0–1)
P 0.27 0.56 o0.001 0.32

Both HBx and COX-2 immunohistochemical scores were based on intensity and extensiveness (by percentage population) of the positively
stained cells.
a
This specimen has inadequate tissue for histological scoring.
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change in HBx cellular distribution. HBx expression
decreased in 55% (6/11) of chronic hepatitis B
patients after therapies, increased in 27% (3/11) and
remained unchanged in 18% (2/11) (Table 3).
Similar to COX-2, there was no significant change
in HBx expression after successful antiviral therapy
(P¼ 0.27, Table 3).

HBx Induced COX-2 Gene Expression

To determine whether HBx might induce COX-2
gene expression, the pcDNA3-HBx plasmid was
transiently transfected into the Hep3B hepatocellu-
lar carcinoma cells, which had only minimal COX-2
expression. RT-PCR and Western blot analyses
showed that HBxmRNA and protein were expressed
in HBx-transfected cells, whereas no signal could be
detected from cells transfected with empty vector at
48 h post-transfection (Figure 5a). HBx-transfected
cells showed elevated COX-2 mRNA level when
compared with sham-transfected cells (Figure 5b).
To evaluate the enzyme activity, prostaglandin E2

levels in culture supernatant were measured by
enzyme immunoassay. The prostaglandin E2 level of
HBx-transfected cells was 136718% higher than
that of sham-transfected cells, based on normal-
ization to protein amount in three independent
experiments.

The subcellular distribution of HBx in Hep3B
hepatocellular carcinoma cells was investigated by
means of the EGFP reporter. At 24h post-transfec-
tion, the EGFP-HBx fusion protein was found
diffusely throughout the cytoplasm (Figure 6a) as
well as in the perinuclear region of Hep3B cells
(Figure 6b). In the control, EGFP expressed from
empty vector was found throughout the whole cell
without specific distribution (Figure 6c). At 48h
post-transfection, in addition to the cytoplasm, the
EGFP-HBx fusion protein could also be found in the
nuclei of some cells (Figure 6d and e).

Discussion

HBx functions as a transcriptional activator that is
required for viral infection and contributes to
hepatitis B virus-associated hepatocarcinogenesis.19

Although the transactivation function of HBx has
been repeatedly inferred as an important carcino-
genic factor, downstream effectors remain to be
identified. In this study, we have demonstrated a
concomitant expression pattern of HBx and COX-2
in hepatitis B virus-associated chronic liver dis-
eases. First, HBx and COX-2 had similar expression
rates and correlated strongly with each other in
chronic hepatitis B, cirrhosis, and hepatocellular
carcinoma. Among hepatocellular carcinoma speci-
mens, both expression levels correlated significantly
with the differentiation status. Second, immunohis-
tochemical double staining has shown colocaliza-
tion of HBx and COX-2 in hepatic parenchymal

Figure 3 Immunohistochemical detection of HBx and COX-2 in
liver specimens. (a) and (b) Consecutive sections of a cirrhosis
specimen were stained for COX-2 (a, original magnification,
� 400) and HBx (b, original magnification, � 400). Examples of
coexpression of both HBx and COX-2 in hepatocytes were
indicated by arrows. (c) Double staining with both antibodies
highlighted the coexpression of HBx and COX-2 in some
hepatocytes (indicated by arrows) (original magnification, �400).
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cells. Third, expression of both proteins persisted in
liver specimens of chronic hepatitis B patients who
responded to antiviral therapies. Taken together
with the finding that HBx induced COX-2 gene in
vitro, our results strongly suggest a causal relation-
ship between HBx and COX-2.

HBx has been suggested to be a dual specific
activator of transcription, acting on signal transduc-
tion pathways in the cytoplasm and transcription
factors in the nucleus.20 In the current study, HBx
was found in the cytoplasm and occasionally nuclei
of both hepatitis B virus-infected liver cells in vivo
and HBx-transfected cells in vitro. The cytoplasmic
localization of HBx in liver cells17,21 implies that
HBx may mainly alter signal transduction pathways
in chronic liver diseases. HBx is able to activate
nuclear factor-kB, Ras, Raf, MAP kinase, and SAPK/
JNK signaling pathways.22–24 On the other hand, the
cis-acting elements activated by these pathways are
present in the COX-2 gene promoter and have been
rigorously demonstrated to regulate COX-2 tran-
scription.25–27 HBx present in the nucleus, although

Figure 4 Representative microphotographs of HBx immunohistochemistry in liver biopsy specimens of chronic hepatitis B patients pre-
and post-treatment with interferon (a) and (b) or lamivudine (c) and (d) (original magnification, � 200). Although the inflammation was
subsided after treatment, both the pre- and post-treatment biopsies demonstrated HBx immunoreactivity in the hepatocytes. Intense
staining on bile ducts was nonspecific and attributed to crossreactivity to cytokeratin 18.

Figure 5 COX-2 expression of Hep3B hepatocellular carcinoma
cells after HBx transfection. (a) At 48h post-transfection, HBx
mRNA and protein were expressed as shown by using RT-PCR
and Western blot analyses, respectively. (b) COX-2 mRNA was
upregulated in HBx-transfected cells when compared with sham-
transfected cells. b-Actinwas also amplified to assess the equality
of RNA amount in both samples. Representative pictures of two
independent experiments were shown.
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in a less extent, may also regulate COX-2 expression
through its interaction with cyclic AMP response
element binding protein.28 A recent study has
reported that COX-2 could be transcriptionally

upregulated by HBx via the nuclear factor of
activated T cells (NF-AT) binding site of the COX-2
promoter.29 Taken together, it is conceivable that
hepatocellular COX-2 gene expression might be

Figure 6 Subcellular distribution of EGFP-HBx fusion protein in Hep3B hepatocellular carcinoma cells as viewed by fluorescent
microscopy. (a) Diffuse cytoplasmic granular staining of EGFP-HBx was observed (original magnification, �1000). (b) Perinuclear
punctuate granular positivity was detected at 24h post-transfection (original magnification, �400). (c) In the control experiment, EGFP
was found throughout the whole cell (original magnification, �200). (d) In addition to the cytoplasmic positivity, nuclear signals of
EGFP-HBx could also be seen in some cells (arrows) at 48h post-transfection (original magnification, � 200). (e) Both cytoplasmic
(arrowhead) and nuclear (arrow) signals of EGFP-HBx were shown at 48h post-transfection (original magnification, �400).
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transcriptionally upregulated by HBx in chronic
liver diseases.

Since all chronic hepatitis B patients in this study
were HBeAg positive with high hepatitis B virus
DNA titer prior to treatment, one may expect to see
high HBx expression in hepatocytes. However, we
also showed that HBx expression persisted even
after HBeAg sero-conversion, clearance of hepatitis
B virus-DNA, and normalization of liver enzymes
secondary to lamivudine or interferon therapy. This
is the first report demonstrating expression of HBx
after antiviral treatments. Although viral clearance
may downregulate HBx, the integrated viral DNA
template in the host genome may be the main source
for the persistent HBx expression. This hypothesis is
supported by previous observations stating that
functional HBx can be produced from hepatitis B
virus DNA-integrated genomes.30,31 HBx expressed
in the post-treatment liver specimens of chronic
hepatitis B patients may be the cause of sustained
hepatocellular COX-2 expression even after the
inflammation has subsided.14

Since COX-2 expression could be detected in liver
cells in the absence of HBx (Figure 3a and b), other
stimulus for hepatocellular COX-2 production may
exist. COX-2 has been shown to be induced by
hypoxia32 which was also involved in angiogenesis
of hepatocellular carcinoma.33 There was active
hepatitis present in some hepatocellular carcinoma
tissues. Inflammatory cytokines like tumor necrosis
factor a may thus stimulate COX-2 upregula-
tion. Therefore, regulation of COX-2 expression in
liver cells might be multifactorial. High COX-2
expression has been demonstrated in hepatitis C
virus-related chronic hepatitis and hepatocellular
carcinoma by a previous study.13 It would be
interesting to investigate if viral factor of hepatitis
C virus, for example, core protein is capable of
inducing COX-2 expression.

In order to maintain chronic infection, hepatitis B
virus has to develop strategies to promote survival of
the infected liver cells against host immune re-
sponse. In this sense, HBx has been found to protect
liver cells from Fas-mediated apoptosis.24,34 On the
other hand, we35 and other investigators36 have
demonstrated that COX-2 promotes the growth of
the hepatoma cell lines by inhibiting apoptosis and
inducing proliferation. A recent study has shown
that COX-2 inhibits Fas-mediated apoptosis of
cholangiocarcinoma cells.37 COX-2 also inhibits
immune surveillance by shifting Th1/Th2 balance
to a Th2-predominant status.38 Thus, COX-2 upre-
gulation may contribute to the persistence of
infected hepatocytes during chronic hepatitis B.
The sustained HBx and COX-2 coexpression over
prolonged period from chronic infection to cirrhosis
may cause uncontrolled growth, placing large
numbers of hepatocytes susceptible to secondary
events for neoplastic transformation leading to
hepatocellular carcinoma. Our data suggest that
HBx and COX-2 may participate in one or more

critical steps important to the establishment of liver
cancer.

In conclusion, we have demonstrated coexpres-
sion of HBx and COX-2 in hepatitis B virus-
associated chronic liver diseases. Given the multi-
carcinogenic properties of COX-2, the experimental
evidence that HBx induces COX-2 gene expression
in liver cells provides a clue by which hepatitis B
virus increases the risk of liver cancer. Further
studies are warranted to evaluate the use of COX-2-
specific inhibitors on hepatocellular carcinoma
chemoprevention.
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