










To date, the clinical impact of HBx mutation has not been
clearly defined. Specific regions of HBx mutations or deletions
are reported to have an association with HBV pathogenesis in
the sera (17, 28) or liver tissues (32) of CHB patients. How-
ever, the exact impact of specific HBx mutation on chronicity
or carcinogenesis remains unclear.

We found that the incidence of HBx5 mutation was signifi-
cantly higher in our HCC patients than in CHB patients. How-
ever, all patients with a HBx5 mutation had HBx130�HBx131
double mutations, too. The frequency and function of HBx5
mutation have not been determined in terms of the oncogenic
potential. Further studies of the HBx5 mutation with or with-
out HBx130�HBx131 double mutations are needed to under-
stand the elucidate role of HBx5 mutation.

HBV DNA sequences differ between HBV genotypes or
subgenotypes, so we believe that the HBx5 mutation might be

characteristically related to genotype C2 in Korean HCC pa-
tients. Almost all Korean HBV genotypes are known to be
HBV C2 (16) and, unfortunately, patients with HBV C2 ge-
notype tend to rapidly progress to cirrhosis or HCC, and it can
commonly cause complications in younger patients (12).

There have been several studies on the clinical correlations
between HBx mutations and HCC. For example, Yeh et al.
(29) reported that HBx codon 31 was detected more frequently
in patients with HCC. Muroyama et al. (21) reported that an
HBx codon 38 change in genotype C is an independent risk
factor for HCC development. Shinkai et al. (26) reported that,
regardless of HBeAg status, the T1653 mutation increases the
risk of HCC in Japanese patients with HBV/C2. Choi et al. (6)
reported that only the B1499 (C or G or T1499) mutation was
significantly associated with HCC. However, there has been no
established consensus on or mechanism of which HBx muta-

FIG. 2. Phylogenetic tree of enrolled patients developed using the neighbor-joining method. Phylogenetic and molecular evolutionary analyses
were performed using MEGA version 4.0.2 (The Biodesign Institute). The genetic distances were estimated by Kimura’s two-parameter method.
The reliability of the phylogenetic tree analysis was assessed by using the interior branch test with1,000 replicates. Abbreviations: CHB, chronic
hepatitis B disease patient; LC, liver cirrhosis patient; HCC, hepatocellular carcinoma patient.
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tion or deletion directly affects the pathogenesis of HCC. This
might be attributed to differences in HBV genotype, the level
of HBV DNA, coinfection of other viruses, and effects of host
factors.

Our study showed that double mutations of HBV at nucle-
otide 1762 (A3T) and 1764 (G3A) in the basal core pro-
moter (BCP) region were the most common mutation types in
HCC patients. Because double mutations in the BCP region
also exist in the coding sequence of HBV X gene, these mu-
tations convert K to M at position 130 and V to I at position
131 in the overlapping X-open reading frame gene product. To
date, these double mutations have been suggested to arrest the
transcription of the precore RNA but without a serious impact
on the transcription of the pregenomic RNA (23). Cell trans-
fection experiments on the T1762/A1764 double mutations
showed conflicting results regarding the increase in viral rep-
lication (9). However, double mutations in the BCP region

were suggested to be associated with HCC development (7, 10,
13), and this finding has been supported by a prospective co-
hort study (8).

CHB patients without cirrhosis but with HBx5�HBx130�
HBx131 triple mutations showed a significant risk for HCC
development. Also, CHB patients with HBx5�HBx130�
HBx131 triple mutations showed a somewhat higher risk for
HCC than those with HBx130�HBx131 double mutations.

The fifth amino acid of HBx is located in the negative reg-
ulatory region, which is known as a dispensable region for
transactivation. HBx5 mutation cell line experiments showed
no differences in viral replication activity whether they had
double mutations or the HBx5 mutation. However, the relative
transcriptional activity of NF-�B was significantly higher in
patients with an HBx5 single mutation and HBx130�HBx131
double mutations than in patients with wild-type HBx and in
those with HBx5�HBx130�HBx131 triple mutations. This

FIG. 3. Protein expression of cells transiently transfected with wild-type and HBx mutant constructs. (A) HBsAg expression; (B) HBeAg
expression.

FIG. 4. Relative luciferase assays showing the activity of NF-�B in wild-type and HBx mutant Huh7 cells.
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might suggest that NF-�B was not significantly activated by
triple mutations in HCC patients. Nevertheless, both the HBx5
mutation and the HBx130�HBx131 double mutation could
activate the NF-�B signaling pathway. This phenomenon im-
plies that HBx5 mutation does not directly influence HBV
replication but might be associated with modulation of the
cellular signaling pathway. In addition, NF-�B activity was
characteristically affected by the existence of HBx5 mutation.
In fact, HBx5 mutation was always found with double muta-
tions in all clinical phases of HBV infection. This also implies
that an independent outbreak of HBx5 mutation may burden
HBV life cycle and may not be affordable for viral immune escape
from the host defense system. However, HBx5�HBx130�
HBx131 triple mutations did not increase NF-�B activity. We
found through repeated experiments that the NF-�B activity in
cells with triple mutations was almost the same as in cells with
wild-type HBV. This result suggested that a specific HBx muta-
tion might be related not only to the major NF-�B signaling
pathway but also to other signaling pathways. Triple mutations
seem to burden the life cycle of HBV and be associated with
tumorigenesis. A triple mutation might also change the HBx
protein structure, possibly affecting NF-�B activity. The present
study focused on the NF-�B signaling pathway because it seems
to have a central function in liver homeostasis, pathophysiology,
and regulation of the inflammation-fibrosis-cancer axis (27).
NF-�B also plays a role in the development of HCC (14). HBV
and HBx have been known to activate NF-�B (22, 31), but it is
unclear whether specific HBx mutation can affect NF-�B activity.
So, we focused on determining whether a significant HBx muta-
tion can affect NF-�B activity. Human NF-�B that regulates a
number of oncogenic genes is associated with tumorigenesis in
mammalian cells through the regulation of a number of onco-
genic genes (1). Our findings suggest that a specific HBx mutation
could modulate the NF-�B signaling pathway, which is possibly
associated with tumorigenesis. The HBx5 mutation may enhance
the oncogenic potential to progress from a chronic liver disease
to HCC.

In conclusion, the HBx130�HBx131 double mutation was
the most common HBx mutation occurring in HCC patients
with chronic HBV infection, followed by the HBx5�HBx130�
HBx131 triple mutation. The HBx5 mutation was more fre-
quently observed in HCC patients than CHB patients. An
HBV construct containing wild-type HBx and each of three
types of HBx mutation was transiently transfected, and the
effect of HBx mutation on the viral replication, HBV protein
expression, and NF-�B activity was observed. As a result,
the HBx5 single mutation, HBx130�HBx131 double muta-
tions, and HBx5�HBx130�HBx131 triple mutations were
not directly associated with either viral protein expression or
viral replication activity. However, the HBx5 mutation and
HBx130�HBx131 double mutations appear to modulate the
transcriptional transactivating function of the NF-�B signaling
pathway.

We showed here that the HBx5 single mutation and
HBx130�HBx131 double mutation increased NF-�B activity
and that the HBx5�HBx130�HBx131 triple mutation did not
increase NF-�B activity. Thus, there seems to be another path-
way that regulates NF-�B activation by HBx mutation. Also,
older HCC patients were more likely to have the HBx130�
HBx131 double mutations and HBx5�HBx130�HBx131 triple

mutations than younger HCC patients. Therefore, patient age
should be considered as a factor affecting the development of
HCC. The HBx5 mutation in genotype C2 may be a risk factor
for HCC development and appears to serve as a potential
molecular marker for predicting the clinical outcomes of pa-
tients with chronic HBV infection.
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Volume 18, no. 6, p. 914 –921, 2011. Page 919, column 2, lines 13 to 17 should read: “However, the relative transcriptional activity of
NF-�B was significantly higher with an HBx5 single mutation and HBx130�HBx131 double mutations than with wild-type HBx and
with HBx5�HBx130�HBx131 triple mutations in transfected cells.”

Page 919: Figure 4 should appear as shown below.
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