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Chronic infection by hepatitis B virus (HBV) greatly increases the risk for liver cirrhosis and hepato-
cellular carcinoma (HCC). The outcome of HBV infection is shaped by the complex interplay of the
mode of transmission, host genetic factors, viral genotype, adaptive mutations, and environmental
factors. The pregenomic RNA transcription of HBV for their replication is regulated by the core pro-
moter activation. Core promoter mutations have been the reason for acute liver failure and are asso-
ciated with HCC development. We obtained HBV genes from a patient in Myanmar who was infected
with HBV and identified gene variations in the core promoter region. For measuring the relative
transactivation activity of the core promoter, we prepared the core-promoter reporter construct. Among
the gene variations of the core promoter, the mutations of C1731T and G1806A were associated with
increase in the transactivation of the HBV core promoter. Through computer analysis for searching
for a tentative transcription factor binding site, we showed that the mutations of C1713T and G1806A
newly created C/EBPP and XBP1-responsive elements of the core promoter, respectively. The ectopic
expression of C/EBPB largely increased the HBV core promoter containing the C1713T mutation and
that of XBP1 activated the M95 promoter containing the G1806A mutation. Our efforts to treat and
prevent HBV infections are hampered by the emergence of drug-resistant mutations and vaccine-es-
cape mutations. Our results provide the biological properties and clinical significance of specific HBV

core promoter mutations.
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Introduction

Hepeatitis B virus (HBV) infection causes various liver dis-
eases including chronic hepatitis, liver cirrhosis, and hep-
atocellular carcinoma (HCC) [9]. HBV was infected in almost
one-third of the world’s population are infected with HBV
and about 350 million people are chronically infected [13].
Based on differential geographical HBV infection pattern, in
the United States and Europe, HBV prevalence is low at
0.1~0.2% whereas, in the Mediterranean coast and Japan
HBV prevalence is about 2.0~7.0%. In China, Southeast Asia,
and Sub-Saharan Africa, HBV prevalence is high and ranges
from 8.0% to 20.0% [14]. Hepatitis B is one of the most com-
mon and serious disease in Myanmar. Therefore, this re-
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search aims to further the development of more effective
treatments that are specific to mutations and genotype. HBV
can be classified into ten genotypes, A through ], based on
a sequence divergence of > 8%. Within the viral genotypes
are sub genotypes that differ above 4%. The mutation rate
of HBV is higher than that of other DNA viruses owing to
the reverse transcription in its life cycle.

The core promoter in the viral genome plays an important
role in HBV replication [5, 24], and is found in front of the
start site of the genomic RNA [4]. Covalent closed circular
DNA (cccDNA) of HBV is used as a template for the tran-
scription of mRNA [2, 10]. HBV-transcribed mRNA com-
prises a 3.5 kb pre-Core (pre-C) mRNA, a 3.5 kb Pre-genomic
(pg) RNA, a 24 kb large (L), a 2.1 kb middle (M), small
(5) mRNA, and a 0.7 kb X mRNA. Pre-C mRNA is translated
into pre-C protein, which produces serological hepatitis B
e antigen (HBeAg). L, M, and S mRNA are translated to
produce envelope proteins and HBx mRNA is translated to
HBx protein. Pre-genomic RNA is little shorter than pre-core
mRNA. The two AUG start codons for the transcription of

pre-genomic RNA and pre-core mRNA are present in same



reading frame [27].

Although HBeAg is not a necessary component for HBV
virion formation, it is counted as an important marker for
measuring the level of HBV replication. Low levels of HBeAg
and high levels of Anti-HBe are associated with low levels
of HBV replication [6]. A high mutation rate during HBV
replication results in resistance to antiviral therapies [16].
Chronic HBV showing HBeAg-negative was seen in 24% of
patients when HBeAg seroconversion was observed for 8.5
years [15]. Moreover, HBeAg-negative chronic HBV reapp-
eared in the period of HBV retention [7]. Precore mutation
(G1896A) or core promoter mutation (A1762T and G1764A)
was detected in most HBeAg-negative chronic hepatitis B
patients [17]. Pre-core and core promoter mutations resulted
in the inhibition of HBeAg synthesis. The report suggested
that these mutations are associated with clinical reactivation;
however, precore mutations are also detected during the
non-proliferative period. It is unclear whether these muta-
tions directly induce inflammation of the liver [3, 20]. This
study indicates that the sporadic core promoter mutations
of HBV increases HBV gene expression, resulting from new
creation of liver-specific transcription factor binding sites for
HBV DNA replication.

Materials and Methods

Serum samples

This study used serum samples of 96 HBsAg positive pa-
tients that were received for routine HBV DNA detection
from Department Medical Research (DMR) in Yangon My-
anmar. The serum samples were stored at -80C. This study
was approved by Ethics Review Committee of Department
of Medical Research. The approval number is 22/ Ethics
2015, dated 25.3.2015. Informed consents were obtained from
the study participants who were at or more than 16 years
and from the parents/guardians of the study participants

who were under 16 years.

Amplification of viral DNA by the PCR

HBV DNA was extracted from 96 serum of HBV HBsAg
positive patients. The 40 pl of HBsAg positive serum was
diluted 4-fold in PBS. The diluted samples were incubated
for 3 min at 95C and for 5min at 4C. After centrifugation
is used at 12,000 rpm for 20 min, the supernatants 100 pl
transfer to 1.5 ml microcentrifuge tubes. Collected super-

natant is used to DNA template for PCR. HBV core promoter
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and preS region was amplified using specific gene primers.
PCR of HBV core promoter region was performed using
nTaq DNA polymerase (Enzynomics, Daejeon, Republic of
KOREA) and primary and nested primer. Amplified PCR
products of HBV DNA were examined by electrophoresis
on a 1% agarose gel at 150 V for 25 min and stained with
ethidium bromide.

Sequencing and HBV mutation analysis

The purified PCR products of HBV DNA sent to a DNA
sequencing company (COSMO GENETECH, Daejeon, Korea)
for sequencing. HBV core promoter mutation site were ana-
lyzed using the BioEdit and multiple sequence alignment
service at CLUSTALW home page (http://www.genome.jp/
tools/clustalw/) in the HBV nucleotide sequences.

Plasmid constructs and reagents

To construct HBV core promoter M50, M82, M83 and M9,
the promoter fragments from serum of HBV infected pa-
tients were amplified by PCR using cloning primers contact-
ing restriction enzyme site, Kpnl and HindIIl: forward, 5'-
GCC GGT ACC ACG CCC ACC AAA TAT - 3’ and reverse,
5-CGC AAG CIT TAC AAG AGA TGA TTA-3'. The PCR
products were digested with Kpnl and HindIII were cloned
into pGL3B vector. The sequences were confirmed by
COSMO Gene Tech. The transfection reagents Polyfect and
jetPEl were purchased from QIAGEN (Hilden, Germany)
and Polyplus Transfection (Illkirch, France).

Cell culture

Chang liver cells (all obtained from the American Type
Culture collection, Manassas, VA, USA) were maintained in
Dulbecco’s Modified Eagle Medium (DMEM) with 10% heat-
inactivated fetal bovine serum (FBS) (GIBCO BRL, Grand
Island, NY, USA) and 1% (v/v) penicillin-streptomycin (GIBCO
BRL) at 37C in a humid atmosphere containing 5% CO,.

Luciferase assay

Chang liver cells were seeded in a 24-well culture plate
and transfected with reporter vector and B-galactosidase ex-
pression plasmid, along with each indicated expression plas-
mids using PolyFect (QIAGEN). The pcDNA3 plasmid DNA
was added to accomplish the same amount of plasmid DNA
transfection. After 24 hr of transfection, the cells were wash-
ed with ice-cold PBS and lysed with the cell culture lysis
buffer (Promega, Madison, W1, USA). Luciferase activity was
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determined using an analytical luminescence luminometer
according to the manufacturer’s instructions. Luciferase ac-
tivity was normalized for transfection efficiency using the
corresponding [B-galactosidase activity. All assays were con-
ducted at least in triplicate.

Transcription factor search

Blast searches of GenBank were performed using the
BLAST service at the National Center for Biotechnology
Information (NCBI) home page (http://www.ncbinlmnih.
gov/). For analyzing transcription factor binding sites in the
HBV core promoter region, the PROMO3 service was used.

Statistical analysis

Statistical software GraphPad Prism 5.03 (GraphPad Soft-
ware, Inc, La Jolla, CA, USA) was used for analysis. All
experiments are presented as mean + standard deviation (SD)
and analyzed by a one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test. p-value of <0.05 was con-
sidered statistically significant.

Results

Specific core promoter mutation sites are found in
HBV genes obtained from Myanmar hepatocellular
carcinoma patients

1623 1814

1374 1838

HBV contain four overlapping open reading frames for
HBV replication including core promoter for synthesis of
pre-genomic RNA [4]. Mutations in the core promoter result
in dysregulated HBV replication. An increased viral load by
core promoter mutation in the HBV-infected liver cells trig-
gers liver pathogenesis. We have collaborated Myanmar re-
searchers, who are members of Department of Medical
Research of Myanmar, for analyzing HBV gene variation
from HBV-infected patients in Myanmar. Myanmar has high
frequency of liver diseases, such as hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC), resulting from HBV infec-
tion. We presented HBV core promoter sequence which was
found in non-liver disease case (HBV M50) (Fig. 1).

After obtaining HBV genes of Myanmar patients, we ana-
lyzed gene sequences of core promoter. HBV core promoter
M50, M82, M83, and M95 constructs contain the extracted
core promoter DNA from the serum of Myanmar patients
50, 82, 83, and 95 with HCC. To identify mutations in the
core promoter, serum from the core promoter site was am-

plified using PCR. Sequencing and alignment reactions were

conducted on the PCR products. Mutations in the core pro-
moter DNA were found at nt1713 and nt1798 of core pro-
moter M82, at nt1713 only of core promoter M83 and nt1806
of the core promoter M9 (Fig. 2A).

2307 2460 2847 TR

p
\meS1 preS2

<{core promoter>

1861 TGTTCAAGCC TCCAAGCTGT

1585 TTCGCT TCACCTCTGC ACGTCGCATG GAGACCACCG

1621 TGAACGCCCA CCAAATATTG CCCAAGGTCT TACATAAGAG GACTCTTGGA CTCTCAGCAA
1681 TGTCAACGAC CGACCTTGAG GCATACTTCA AAGACTGTTT GTTTAAAGAC TGGGAGGAGT
1741 TGGGGGAGGA GATTAGGTTA AAGGTCTTTG TACTAGGAGG CTGTAGGCAT AAATTGGTCT
1801 GCGCACCAGC ACCATGCAAC TTTTTCACCT CTGCCTAATCATCTCTTGTT CATGTCCTAC

Fig. 1. Identification of DNA sequence of HBV core promoter from M50. After obtaining HBV gene from M50 patient, the core
promoter region (nt1595 - nt1880) was sequenced. The M50 core promoter sequence was used as a wild type and control
for comparing with other the mutated core promoter sequences.



C1713T and G1806A mutations increase the trans-
activation of HBV core promoter

In order to analyzing the core promoter activity quantita-
tively, we constructed the luciferase reporter system contain-
ing HBV core promoter (Fig. 2B). Based on the luciferase
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Fig. 2. HBV core promoter mutation induces HBV gene express-
ion. (A) The HBV core promoter site from the patients
was sequenced and the sequences were aligned to enable
the detection of mutations. (B) Structure of the HBV core
promoter reporter plasmid. HBV core promoter region
from the serum of Myanmar patients M50, M82, M83,
and M95 was amplified by PCR and was cloned using
a PGL3B vector. (C) The effect of mutations on HBV core
promoter activity. Chang liver cell were transfected with
HBV core promoter M50, M82, M83, and M95 reporter
construct for 24 hr. The cell lysates were determined for
luciferase activity. Cloned M50 served as the control. The
bar represents the mean value from at least three in-
dependent experiments. *p<0.05, **p<0.01 indicate sig-
nificance when compared to C/EBP@ transfectant.
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reporter construct, we constructed each four luciferase re-
porter plasmids conjugating with core promoter sequences
of M50, M82, M83, and M95. We transfected with HBV core
promoter M50, M82, M83, and M9 constructs into Chang
liver cells and measured the luciferase activity for evaluating
the relative promoter activity of each core promoter varia-
tion. The transactivation activity of core promoters of M82,
M83 and M95 showed much stronger than M50 promoter
activation in Chang liver cells (Fig. 2C). This result indicated
that HCC-related gene variation in the core promoter in-

creases the transactivation of HBV core promoter.

Transcription factor C/EBPB increases C1713T-con-
taining core promoter transactivation

For the pre-genomic transcription of HBV, liver cell-spe-
cific transcription factors should bind to the core promoter
and induce the core promoter activation. We searched the
tentative binding sites of specific transcription factors in the
M50 control and three point mutated promoters (M82, M83,
and M95) using PROMO program. The results show that
RXRa, GRa, EBF bind to the HBV core promoter control M50
at nt1713. Transcription factors GRa, C/EBPB bind to the
mutation site nt1713 of HBV core promoter M82, M83, and
M95 (Fig. 3A). C/EBPB binds to the HBV core promoter and
regulates HBV gene expression [12, 23]. There was not found
for any transcription factor to bind to the mutation site
ntl798 of HBV core promoter M82.

To examine whether C/EBP is responsible to increase
the core promoter activation of M82, M83, and M95, we tried
to transfect each reporter plasmids (M50-luc, M82-luc, M83-
luc, and M95-luc) into Chang liver cells in the presence or
absence of C/EBPS cotransfection and measured the lucifer-
ase activity for evaluating relative transactivation of core
promoter variation. As shown in Fig. 3B, C/EBP@ largely
increased the core promoter activity of M82, M83, and M95
compared to M50 promoter activity. This result indicated
that the enriched liver transcription factor C/EBP might
respond well to the core promoter including C1713T gene
variation and increase production of pre-genomic RNA for

upregulation of HBV replication.

Transcription factor XBP1 increases G1806A-con-
taining core promoter transactivation

Transcription factors XBP1, AP-1la and GRa bind to HBV
core promoter mutant M95 at nt1806 (Fig. 4A). Comparison
of transcription factors to bind to between M50 and M95
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Fig. 3. C/EBPB is responsible to increase HBV core promoter
activity of C1713T mutation. (A) Creation of C/EBPS
binding site on the C1713T core promoter of M82, M83,
and M95. The transcription factor binding sites to the
HBV core promoter mutation sites at nt1713 was searched
through PROMO (http:/ /alggenlsi.upc.es/cgibin/promo_
V3/promo/Promoinit.cgi?-dirDB=TF_8.3). (B) The effect
of C/EBPB binding on HBV core promoter activity. Chang
live cells were transfected with HBV core promoter M50,
M82, M83, and M95 construct for 24 hr in the presence
or absence of C/EBP transfection. The cell Iysates were
applied for luciferase activity. Cloned M50 served as the
control. The bar represents the mean value from at least
three independent experiments. *p<0.05, *p<0.01 indicate
significance when compared to C/EBPJ transfectant.

showed that XBP1 binding site was exclusively found at M95
core promoter including G1806A gene variation. In order to
confirm whether M95 core promoter is responsible to XBP1,
we applied the transient transfection of each core promoter
constructs in the presence or absence of XBP1 transfection.
XBP1 overexpression significantly increased M95 core pro-
moter, but not other promoters (Fig. 4B). XBP1 is responsible
to transmit endoplasmic reticulum (ER) stress response. HBV
infection and HBV protein expression are known to induce
ER stress, resulting in hepatocyte pathogenesis. This study
suggested that ER stress-mediated transcription factor XBP1

A

1736 Control(M50) TTTGTACTAGGAGGCTGT) QATAAATTGGTCTGCGCACC1826
1736 Control(M95)TTTGTACTAGGAGGCTGTA ATAAATTGGTCTGCGCACC1826
1806
AP-1a

[ 6GcTGTAGGCATAAATTE [GGCTGTAGACATAAATT]

v

¥ control

1 XBP1

Relative luciferase activity (fold)

M50 Ms82 M83 M95

Fig. 4. XBP1 is responsible to increase HBV core promoter activ-
ity of G1806A mutation. (A) Creation of XBP1 binding
site on the GI806A core promoter of M82, M83, and M.
The transcription factor binding sites to the HBV core
promoter mutation sites at nt1806 was searched through
PROMO (http://alggenlsi.upc.es/cgibin/promo_V3/pro
mo/Promoinit.cgi?-dirDB=TF_8.3). (B) The effect of XBP1
binding on HBV core promoter activity. Chang live cells
were transfected with HBV core promoter M50, M82,
M83, and M95 construct for 24 hr in the presence or ab-
sence of XBP1 transfection. The cell lysates were applied
for luciferase activity. Cloned M50 served as the control.
The bar represents the mean value from at least three
independent experiments. *p<0.05, **p<0.01 indicate sig-
nificance when compared to XBP1 transfectant.

is specifically associated to upregulate HBV transcription
upon G1806A core promoter variation.

Discussion

In this study, the effect of mutations in the core promoter
on HBV DNA gene expression was investigated. The devel-
opment of HCC is caused by various factors such as route
of viral transmission, the immune response of the host and
the interaction of numerous transcription factors [18, 28].
Previous studies showed that HBV transcription was regu-
lated by transcription factors such as C/EBP, FOXA, HNF1,
HNF4 and AP-1 [13, 19, 29]. C/EBPB is part of the C/EBP
family, which is also a known nuclear factor for IL-6 (NF-



IL-6) for IL-6 production [1]. Hepatic C/EBPf induction is
known to regulate inflammation in the liver cell though pro-
duction of various cytokines including IL-1, IL-6, IL-8, IL-12
and TNFa [22]. Therefore, C/EBPB binding to mutation sites
in the HBV core promoter results in the induction of the
inflammatory response in the liver, leading to development
of chronic hepatitis.

Chronic hepatitis B therapies lead to reduce liver damage
and HCC production by reducing viral copy number and
inhibiting HBV DNA replication [11]. A variety of nucleotide
analogues inhibits reverse transcription by HBV DNA poly-
merase and plays a critical role in the inhibition of viral rep-
lication and the normalization of ALT levels. Long-term
maintenance therapy of nucleotide analogues is essential for
continued antiviral effects against HBV, however nucleotide
analogues treatment often induce drug-resistance mutation
of HBV gene.

Both A1762T and G1764A mutations are the most com-
mon mutations in the core promoter, associating with HCC
development. The double mutation expression reduced pre-
core RNA transcription and HBeAg expression. In addition,
it moderately increased genome replication through up reg-
ulation of pgRNA levels [8, 21, 25]. In addition to A1762T/
G1764A, mutations can be detected at nearby positions such
as 1753, 1757, 1766, and 1768. Site-directed mutagenesis ex-
periments have suggested that the additional mutations at
1753, 1766, and 1788 further reduce HBeAg expression and
enhance genome replication, with the A1762T/G1764A/
C1766T triple mutant having greater than 10 folds higher
replication capacity than the wild-type virus [26]. In this
study, we newly reported that two core promoter mutation,
C1713T and G1806A, were closely related to upregulate the
core promoter activity by producing novel promoter-specific
transcription factor, C/EBPB and XBP1, respectively.
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