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Abstract

Hepatitis B virus (HBV) with genotype A and C has different antiviral response and

frequency of basal core promoter (BCP) and precore (PC) mutations. In this study, we

investigated the influence of these mutations on hepatitis B virus replication and sensitivity to

antiviral agents. Genotype A and C recombinant HBV strains with either BCP mutation, PC

mutation or BCP+PC mutation were used to study the viral replicating capacity and sensitivity

to antiviral agents (lamivudine, entecarvir, and clevudine) in Huh7 cell line. BCP mutation, PC

mutation and BCP+PC mutations increased the viral replicating capacity regardless of

AHE: s

/

genotypes. Furthermore, these mutations increased the antiviral resistance, to lamivudine, ~

entecarvir and clevudine. In conclusion, BCP and PC mutations increased viral replication

V- }—\"x'”E:.l: S

/
/

regardless of HBV genotypes in vitro. In addition, patients with these, mutations might need /

more amount of antiviral agents. In the future, clinical trials are needed to compare the

effectiveness of antiviral agents using current standard dose and higher dose in patients with

these mutations.
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1. Introduction

Hepatitis B virus (HBV), a major cause of liver disease, has infected approximately 2

billion people in, worldwide and more than 350 million are chronic HBV infection. Annually,

there are over 4 million new cases of HBV infection and around 500 0000 to 1.2 million people

died from HBV infection (Lavanchy,2004). HBV infection can lead to various clinical outcome

such as acute hepatitis B (AHB), inactive hepatitis B surface antigen (HBsAg) carrier, chronic

hepatitis B (CHB), liver cirrhosis (LC), and hepatocellular carcinoma (HCC) (Chen,1993, Lok

and McMahon,2007).

HBV is a hepadnavirus that contains a 3.2 Kb-length relaxed circular double stranded

DNA containing four overlapping open reading frames (ORF) including surface gene

(preS1/S2/S gene), polymerase gene (Pol gene), precore/core gene (PreC/C) and X gene that

encode surface protein (envelope), polymerase, HBeAg and core protein, and X protein,

respectively (Seeger and Mason,2000). Once the HBV enters the hepatocyte, the relaxed

circular DNA (RC-DNA) is transferred into nucleus and converted into covalently closed

circular DNA (cccDNA) (Tuttleman, et al.,1986), which transcribes pregenomic RNA (pgRNA)

and subgenomic RNA by cellular RNA polymerase II(Sells, et al.,1988). The subgenomic RNA

includes preS1-mRNA for large surface protein, preS2-mRNA for middle surface protein, S-

/
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mRNA for small surface protein, precore RNA for e protein and X-mRNA for X protein(Seeger

and Mason,2000). The pgRNA, which is controlled by core promoter and enhancer II, plays two

roles: (1) serves as mRNA-template for viral polymerase and core protein; (2) serves as

template for viral DNA replication. Binding of viral polymerase to the epsilon (g), a hairpin

structure in stem-loop of pgRNA, triggers the encapsidation of polymerase-pgRNA complex

into capsid by core protein (Bartenschlager and Schaller,1992, Hirsch, et al.,1990). In the capsid,

polymerase initiates RNA intermediated reverse transcription to synthesizing a new RC-DNA.

After completion of viral DNA replication, the capsid can either re-transfer the RC-DNA to

nucleus for formation of cccDNA or move to the endoplasmic reticulum to be assembled by

envelope proteins and exported(Nassal,1999).

Hepatocyte is the major target of HBV and secrets the replicated virions into blood stream.

HBV also can be detected in other body fluid such as saliva, semen, vaginal secretions,

menstrual blood, perspiration, breast milk, tears, and urine of HBV infected

individual(Lavanchy,2004). The HBV infection shows geographical distribution and is divided

into high, intermediate and low endemic area basis on the prevalence of HBV infection more

than 8%, 2~7 % and less than 2%, respectively(VHPB,1998).

Transmission of HBV infection can be either vertical (perinatal) or horizontal. Vertical

transmission is the major route of HBV infection in highly endemic area such as Asia-pacific



region, sub-Saharan Africa. In contrast, most patients are infected by HBV at adulthood through

horizontal transmission in low endemic area such as North America, Western and Northern

Europe and Australia. For examples, using contaminated syringe or surgical instrument,

unprotected sexual activity, blood transfusion and donor organs. Recently, it has been reported

that HBV infection also can be transmitted from father to child (Tajiri, et al.,2007).

The clinical outcomes are different between the two routes of transmission. About 90% of

individuals infected through vertical transmission likely develop to chronic HBV infection

defined as positive for hepatitis B surface antigen (HBsAg) for more than 6 month. On the

contrary, less than 5 % of individuals infected during adulthood develop to chronic HBV

infection. Among the chronic HBV infections, around 2~6% of HBeAg-positive and 8~10% of

HBeAg-negative patients annually progress to LC. Furthermore, the annual incidence of HCC

in HBV infection related liver cirrhosis is about 2~3 %(de Franchis, et al.,2003). Chronic HBV

infection is a strong risk factor for HCC and LC. Beasley et al. reported that the relative risk

ratio in developing HCC between HBsAg-positive men and HBsAg-negative men was 223:1

(Beasley, et al.,1981). Recently, it has been reported the association between serum HBV DNA

level and the risk of HCC. Yu MW et al. prospectively followed 4,841 chronic HBV infected

Taiwanese men without HCC for 14 years, the adjusted odds ratio of HCC was 7-fold higher in

men with serum HBV DNA level more than 5.91 log;, copies/ml than that less than 3.61 log;o



copies/ml (Yu, et al.,2005). In another prospective cohort study also reported that the high risk

of HCC associated with increasing HBV DNA level (Chen, et al.,2006).

HBYV can be classified into eight genotypes (genotype A-H) basis on the divergence of

more than 8% of completed HBV genome(Arauz-Ruiz, et al.,2002, Delius, et al.,1983, Norder,

et al.,1994, Okamoto, et al., 1988, Stuyver, et al.,2000). Each genotype can be further classified

into subgenotype with more than 4% of genetic divergence(Schaefer,2007, Sugauchi, et al.,2004,

Sugauchi, et al.,2004, Tanaka, et al.,2005). HBV genotype and subgenotype shows geographic

distribution and has correlation with the severity and progression of liver disease(Arauz-Ruiz, et

al.,1997, Ding, et al.,2001, Lindh, et al.,1997, Norder, et al.,1993, Orito, et al.,2001). In

genotype A, genotype Al (Aa) is predominantly found in South Africa, genotype A2 (Ae) is

mostly found in Western Europe and genotype A3~5 are mostly found in western Africa such as

Cabon, Carmeroon, Mali and Nigeria. Genotype B has five subgenotypes (genotype B1~B5):

genotype Bl (Bj) is predominant in Japan; genotype B2 (Ba) prevalent in East Asia except

Japan; genotype B3~B5 are mostly found in South Asia. Genotype C also has five

subgenotypes: genotype C1 (Cs) is common in South East Asia (Vietnam, Myanmar, Thailand,

and Southern China); genotype C2 (Ce) is predominant in East Asia (Korea, Japan, and

Northern China). Genotype D has five genotypes (genotype D1~D5) and commonly found in

the Mongolia, India, South Africa and Australia. Genotype E is predominantly found in Africa;



genotype F (genotype F1~F4) is found in Central and South America, Bolivia and Argentina.

Genotype G has been reported in the United States and France and recently reported genotype H

is found in Central America(Schaefer,2007) .

The HBV genotype also shows the clinical and virological differences during the natural

course of CHB infection. Chronic HBV infection is more frequent in genotype A than D and

genotype A is more likely progress to chronic HBV infection after acute HBV infection than

genotype B and C(Lin and Kao,2008, Mayerat, et al.,1999). Although genotype A has higher

rate of HBeAg positivity than genotype D, the rate of sustained HBeAg seroconversion is higher

than genotype D and has better clinical outcome than genotype D(Sanchez-Tapias, et al.,2002).

Between genotype B and C, genotype C has higher rate of HBeAg-positivity and histologic

activity, later HBeAg seronconverstion, more frequent reactivation after HBeAg seroconversion,

less HBsAg seroclearance and possesses higher viral replicating capacity than genotype B(Chu,

et al.,2002, Sumi, et al.,2003, Yuen, et al.,2003, Zhang, et al.,2008).

Currently, there are two types of antiviral agents approved by the US Food and Drug

Administration (FDA) for CHB therapy. One is the immunomodulator, including interferon

alpha and peginterferon alpha; another is the HBV polymerase inhibitor, nucleos(t)ide analogue

(lamivudine, adefovir dipivixil, entecarvir and clevudine). The nucleos(t)ide analogues inhibit

HBV polymerase in different step of viral replication. Lamivudine, a first FDA approved



nucleoside analogue in 1998, affects HBV reverse transcriptase activity; entecarvir and

celuvudine inhibit both minus- and plus-strand DNA synthesis; adefovir affects on the priming

of reverse transcription and inhibits minus-strand DNA synthesis(Zoulim and Perrillo,2008).

Recently, several studies reported the different antiviral response in different HBV

genotype. Genotype C has poor antiviral response to interferon-based therapy compared with

genotype A or B(Kao, et al.,2000, Yu, ef al.,2005). Although, the HBV genotype has few affect

on the nucleos(t)ide analogues treatment, the durability of lamivudine as well as interferon

treatment is low in genotype C than genotype A or B and has been supposed to associate with

the high pretreatment serum HBV DNA level and HBV genotypes, which are the important

independent predictors in both interferon and nucleos(t)ide analogues s treatment (Chien et

al.,2003, Janssen et al.,2005, Song et al.,2004, Song et al.,2000, Wai et al.,2002).

During the life cycle of HBV, the most frequently occurring HBV mutations are the A to T

mutation at nucleotide 1762 and/or the G to A mutation at nucleotide 1764 (A1762T/G1764A)

in the basal core promoter (BCP)(Okamoto et al.,1994, Song et al.,2006), and the G to A

mutation at nucleotide 1896 (G1896A) in the precore (PC) region (Brunetto et al.,1989, Carman

et al., 1989, Kidd-Ljunggren et al.,1997). The core promoter region of HBV was mapped

between nucleotide 1613 and 1849 (Lo and Ting,1994, Yuh, et al.,1992), and consists of the

upper regulatory region, which contains both positive and negative cis-acting elements, and the



BCP, which contains four TATA-like boxes to control the transcription of precore RNA and

pregenomic RNA (Chen, et al.,1995, Lo and Ting,1994, Yuh, ef al.,1992). The A1762T/G1764A

mutation that located at the second TATA-like box in the BCP (ntl1742-nt1849) region is

frequently detected in chronic HBV infected patients (Okamoto, et al.,1994, Sato, et al.,1995). It

has been reported that the A1762T/G1764A double mutations in the BCP suppressed the HBeAg

synthesis and enhanced the viral replication (Buckwold, et al.,1996, Buckwold, et al.,1997,

Moriyama, et al.,1996). Recently, Sato S et al. reported that the A1762T/G1764A mutations in

the BCP were associated with fulminant hepatitis(Sato, et al.,1995). However, subsequent

studies have denied this (Laskus, et al.,1995, Liu, et al.,2004, Sterneck, et al.,1996). In addition,

some studies reported that the A1762T/G1764A mutation in the BCP were associated with the

progression of the liver disease (Lindh, et al., 1999, Shindo, et al.,1999). However, Chun et al.

reported that there was no relation between the A1762T/G1764A mutation and liver disease

(Chun, et al.,2000). Therefore, the association between the A1762T/G1764A mutation in the

BCP and clinical outcomes is still in controversy.

/{ A

The_G to A mutation at nucleotide 1896A (G1896A) in the precore region js known to /
create a premature stop codon to O_prevent the production of HBeAg (Brunetto, et al.,1989,
Carman, et al.,1989). HBeAg, known as an accessory protein of HBV is not essential for viral

replication, but has been used clinically as a marker of viral replication (Chang, et al.,1987,



Chen, et al.,1992).

The G1896A mutation in the precore was originally hypothesized to a cause of fulminant

hepatitis B (Carman, et al.,1991, Carman, et al.,1989, Liang, et al.,1991, Omata, et al.,1991) or

severe chronic hepatitis (Brunetto, et al.,1989, Carman, et al.,1989), suggesting that the precore

stop codon mutation may be more pathogenic. However, subsequent studies showed that the

G1896A mutation in the precore was not associated with fulminant hepatitis (Laskus, et

al.,1993) and it also can be found in asymptomatic carriers (Akarca, et al.,1994, Tur-Kaspa, et

al.,1992).

Many studies suggested that the G1896A was associated with specific HBV genotype.

Because this mutation was restricted to HBV genotype with T at nucleotide1858, which makes

base pair with G at nucleotide 1896 in stem-loop structure (Tong, et al.,1993). If HBV genome

has T at nucleotide 1858, such as genotype B and C, G at nucleotide 1896 is easily changed by

A for stabilizing the stem-loop structure of HBV RNA genome (Li, et al.,1993, Lok, et

al.,1994).

Interestingly, the frequency of BCP mutations (A1762T/G1764A) and PC mutation

(G1896A) differ by HBV genotypes and subgenotype (Chan, et al.,1999, Kao, et al.,2003,

Lindh, et al.,1999, Orito, et al.,2001, Song, et al.,2006, Yuen, et al.,2004). These mutations

frequently occur in HBV genotype C2 (Ce), which is the major genotype in Korea, but rare in



genotype A2 (Ae), which is prevalent in European country (Song, et al.,2006, Tanaka, et

al.,2006, Yuen, et al.,2004). Thus, we suppose that the mutations (A1762T/G1764A and

G1896A) may have impact on the different outcome of antiviral therapy between the HBV

genotype through increasing the virus replication.

Therefore, the purpose of the present study is to evaluate the influence of BCP mutations

(A1762T/G1764A) and PC mutation (G1896A) on HBV replication capacity and sensitivity to

antiviral agents in genotype A and C



2. Materials and Methods

2-1. Construction of plasmid DNA containing HBV DNA -genotype A2 or C2

Full-length HBV DNA was amplified from the serum of a genotype A2 patient and a

genotype C2 patient using the primers designed by Giinther et al.(Gunther, et al.,1995), which

has Sapl restriction site. This PCR product was digested with Sapl enzyme (New England

Biolabs, Beverly, MA, USA) at 37 C for at least 16 hours and recovered from 1% agarose gel

and ligated into pHY106 plasmid (a kind gift from Delaneay, Gilead Science) (Yang, et

al.,2004), which was digested with Sapl enzyme. After transformation into E. coli, the

individual recombinant clone was selected and purified using QIAGEN plasmid Midi Kit

(QTAGEN, GmBH, Germany). The clones were verified to be replication competent. The

serum samples were collected with written informed consent and the study protocol was

approved by the Ethics Committees of our institution.

2-2. PCR based site-directed mutagenesis

To evaluate the influence of BCP mutation and PC mutation on viral replication and

sensitivity to antiviral agents, the BCP mutation, PC mutation and BCP+PC mutation were

introduced into wild-type pHY106-HBV by site-directed mutagenesis method using the

10



following primer pairs (Quick change II site-directly mutagenesis kit, Stratagene, La Jolla, CA,

USA): For genotype A2, BCP (Forward) (5’-GAG GAG ATT AGG TTA ATG ATC TTT GTA

TTA GGA GGC-3’) and BCP (Reverse) (5’-GCC TCC TAA TAC AAA GAT CAT TAA CCT

AAT CTC CTC-3’); for genotype C2, BCP (Forward) (5’-GAG GAG ATT AGG TTA ATG ATC

TTT GTA CTA GGA GGC-3") and BCP (Reverse) (5°-GCC TCC TAG TAC AAA GAT CAT

TAA CCT AAT CTC CTC-3’) (Table 1). In brief, polymerase chain reaction (PCR) was carried

out in a tube containing 50 pL, which was composed of the following components: 125 ng of

each primer, 0.2mM of each of the four ANTP, 5 uL of 10xreaction buffer, 2.5 unit of Pfu Ultra

Hi-Fidelity DNA polymerase (Stratagene, La Jolla, CA, USA) and 50 ng of wild-type pHY 106-

HBYV. The PCR was programmed to the first incubation of the samples at 95°C for 30 seconds,

followed by 12 cycles at 95°C for 30 seconds, at 55°C for 30 seconds and then at 68°C for 10

minutes. Then, the PCR product was treated with Dpn 1 enzyme and incubated at 37 C for 2

hours to remove parental DNA template.

To make clone harboring PC mutation, 1.0—fold HBV genome was amplified with P1/P2

primer pair using the wild type of pHY106-HBV DNA as the template by Takara LA Taq

polymerase (Takara, Shiga, Japan) and ligated into pGEM-T Easy vector (Promega, Madison,

WI, USA). Briefly, the PCR was carried out in a tube containing 50 puL, which was composed of

the following components: 0.2 pM concentration of each of the primer, 0.2mM concentration of

11



each of the four ANTP, 25 puL of 2xPCR buffer, 0.5 unit of Takara LA taq polymease (Takara LA

taq with GC buffer, Japan) and 50 ng of wild type of pHY106-HBV DNA. The PCR was

programmed to the first incubation of the samples at 94°C for 5min, followed by 15 cycles at

94°C for 1 minute, at 60°C for 1 minute and then at 72°C for 3.5 minutes, with a 10 minutes

extension step at 72°C. The PCR products were purified from 1% of agarose gel using

QIAquick Gel Extraction Kit (Qiagen GmbH, Hilden, Germany). Then, the purified PCR produt

was ligated into pGEM-T Easy vector (Promega, Madison, WI, USA) according to the

manufacture.

The precore mutation (G1896A) was performed with primer pairs using the pGEM-T Easy

vector-HBV DNA as template through QuickChange II site-directed mutagenesis kit (Stratagene,

La Jolla, CA, USA) and digested with Sapl enzyme. Finally, it was ligated into SapI-digested

pHY106 vector again. Because the nucleotide at position 1858 is cytosine, which makes base

pair with guanine at position 1896 in genotype A2, the cytosine at position nucleotide 1858 was

changed with thymine prior to perform precore (G1896A) mutation. Primer pairs used for

precore mutation PC were as follows: for genotype A2 and C2, (Forward), 5’-GCC TTG GGT

GGC TTT AGG GCA TGG ACA TTG ACC-3’; PC (Reverse), 5’-GGT CAA TGT CCA TGC

CCT AAA GCC ACC CAA GGC-3’; For Genotype A2, PC (Forward, C1858T,), 5>-TCT CTT

GTA CAT GTC CTA CTG TTC AAG CCT CCA A-3’; and PC (Reverse, C1858T), 5°-TTG

12



GAG GCT TGA ACA GTA GGA CAT GTA CAA GAG A-3’ (Table 1). Sequences of the

plasmid DNA were identified at each step of the cloning process.

2-3. Cell culture and transfection

Huh?7 cells were grown in low-glucose DMEM medium supplemented with 10% of (vol/vol)
fetal bovine serum (GIBCO, Grand Island, NY, USA) at 37C and 5% CO,. To determine the
viral replication competency, 8 x 10° Huh7 cells were seeded in 10 cm-culture dish. Twenty-four
hours post-seeding, cells were transfected with 2 pg of each plasmid DNA using the
lipofectamine (Invitrogen, Carlsbad, CA, USA) and harvested after 72 hour transfection.
Transfection efficiency was measure by co-transfection of 0.1 pug of pSEAP (Clontech, Shiga,
Japan) expressing secreted alkaline phosphatase and measured its enzymatic activity in the
culture medium. To test sensitivity to antiviral agents, 6 x 10° Huh7 cells were seeded in 10 cm-
culture dish. Twenty-four hours post-seeding, cells were transfected with 2 pg of each plasmid
DNA using the lipofectamine. From the following day, the transfected cells were fed with fresh
medium containing different concentration of lamivudine (LMV) (GlaxoSmithKine, Greenford,
Middlesex, UK), Entecavir (ETV) (Bristol-Mayers Squibb, NY, USA) and Clevudine (CLV)

(Bukwang, Seoul, Korea) every 24 hours up to 3 days, and then harvested. The antiviral agents

were dissolved in sterilized and deinoized-water, and then filtered with 0.20 pmsyringe filter /

13
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(Advantec, Tokyo, Japan).

2-4. Isolation of intracellular HBV core particle and southern blot analysis

Intracellular HBV DNA in core particle was isolated according to manufacture introduced

by Gunther S et al..(Gunther, et al.,1995) In brief, the cells were washed twice with cold

phosphate-buffered saline and lysed with 900 ul of lysis buffer (50 mM Tris Hel pH=7.4, | mM

EDTA, 1% Nonidet P40 (Roche Applied Science, Indianapolis, IN, USA) per 10 cm-culture

dish. The lysate was transferred to a 1.5 ml microcentrifuge tube and incubate on ice for 30

minutes after mix thoroughly, then, centrifuge at 14,000 rpm for 10 minutes at 4 C. After then,

the supernatants were transfer to a new microcentrifuge tube and was adjusted to final

concentration of 10 mM MgCl and 2mM CaCl, and treated with 20 units of DNase I (Takara,

Shiga, Japan) and for 1 hour at 37°C. The enzyme was stopped by addition of EDTA to final

concentration of 25mM. HBV capsid was digested with final concentration of 0.5 mg/ml

proteinase K (Amresco, Cleveland, OH, USA) and 1 % of SDS for 4 hours at 55C. Then, the

nucleic acid was purified by phenol-chloroform extraction and ethanol precipitation method.

The amount of intracellular HBV DNA replicative intermediate, immature DNA forms, was

analyzed by 1% agarose gel electrophoresis at low voltage (50 Volt) and blot onto nylon

membrane (Whatman, UK), and hybridized with biotin-labeled random primer generated from /

14
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full-length HBV DNA using random prime labeling kit (Pierce, Rockford, IL, USA) and
visualized by exposing to an X ray film. The amount of intracellular HBV DNA intermediate
was quantified by Southern blot using North2South Chemiluminescent Hybridization and
Detection kit (Pierce, Rockford, IL, USA) according to manufacture’s instruction. The
efficiency of transfection was normalized by cotransfecting 0.1 pg secreted form of alkaline
phosphatase expression plasmd, pSEAP. Great EscAPe™ SEAP Chemiluminescence Kit 2.0
(Clontech, Shiga, Japan) was used to measure the secreted form of alkaline phosphatase
according to manufacture’s instruction. The density of signals was measure by Image J software
(http://rsbweb.nih.gov/ij/). The 50% inhibitory concentration (IC50) was calculated with

nonlinear regression by GrapPad Prism 4 software.

2-5. Isolation of extracellular HBV and quantitative real-time PCR analysis

The supernatant from each culture dish was briefly centrifuged and HBV DNA was isolated
from 20040 of the supernatant using QIAamp MiniElute virus spin kit (QIAamp, GmBH,
Germany). Quantification of extracellular HBV DNA was performed by real-time PCR (Biorad,
Hercules, CA, USA) using Tag-man probe: (Forward: 5'-ACA TCA GGA TTC CTA GGA CC-
3'; Reverse: 5'-GGT GAG TGA TTG GAG GTT G-3'; Probe: 5-CAG AGT CTA GAC TCG

TGG TGG ACT TC-3") (Table 1). For generation standard curve, first, the pHY106-HBV

15



plasmid DNA were measured by spectrometer at 260 nm and roughly adjusted to 1x10°
copies/ml. Then, the exact amount of plasmid DNA was quantified as 3.4 x 10°* copies/ml by
COBAS® AMPLICOR HBV MONITOR Test (Roche Molecular System, Branchburg, NJ,

USA) and diluted serially in 10-fold ranging from 3.4 x 10%to 3.4 x 10° copies/ml,

16



3. Results

3-1. Replication competency of clinical isolates

Full-length HBV DNA was successfully amplified and introduced into pHY 106 vector. The

viral replication competency of HBV-genotype A2- and C2- was determined by Southern blot.

Of the strains, the well replicated strain (Genotype A2, Lane 1; Genotype C2, Lane 1) from each

genotype was selected and used for subsequent study (figure 1).

3-2. Influence of BCP mutations and PC mutations on intracellular viral replication

To evaluate the influence of BCP, PC, and BCP+PC mutation on intracellular viral

replication in genotype A2 and C2, pHY106-HBV DNA containing these mutations were

transiently transfected into Huh7 cell line and the replicating intermediates were detected by

Southern blot (figure 2A). The signals of density were normalized to wild type of each HBV

genotype. BCP mutation, PC mutation and BCP+PC mutations were all increase the

intracellular viral replication regardless of HBV genotypes. In genotype A2, the BCP mutation

and BCP+PC mutation increased the viral replication 6.5 times and 7.0 times compared with

wild-type, respectively, and PC mutation alone increased the viral replication of 2.8 times. In

genotype C2, all the mutant types had similar effect (BCP mutation. 2.5 times; BCP+PC

17



mutation, 2.7 times, PC mutation, 2.6 times vs. wildtype) on the intracellular viral replication

compared with wild-type. Interestingly, the BCP mutation was seemed to be more effective in

HBYV with genotype A2 than genotype C2. (Figure 2B)

3-3. Influence of BCP and PC mutations on extracellular HBV DNA level

In contrast to the influence of mutations on the intracellular viral replication, there were no

remarkable differences between wild type and mutant type. Only in genotype A2, the BCP

mutation slightly increased the extracellular HBV DNA level (Figure 3). The relative fold-

change in viral secretion is as followed: in genotype A2, BCP mutation. 1.64 times; BCP+PC

mutation, 1.2 times, PC mutation, 0.82 times compared with wild-type; in genotype C2, BCP

mutation. 1.01 times; BCP+PC mutation, 1.1times, PC mutation, 0.99 times compared with

wild-type.

3-4. Sensitivity to antiviral agents

Sensitivity of wild type- and mutant-type of HBV to antiviral agents was evaluated in

different concentration of LMV (Final concentration: 0, 0.01, 0.1, 14m), ETV (Final

concentration: 0, 0.00001, 0.0001, 0.001 #m) and CLV (Final concentration: 0, 0.001, 0.01, 0.1

4my and the IC50 value was used to compare the relative sensitivity. The BCP mutation, PC
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mutation and BCP+PC mutation either in genotype A2 or genotype C2 all decreased the

sensitivity to antiviral agents at various levels (Figure 4~6 and Table 2). Importantly, in HBV

strains with these mutations, several folds of antiviral agents were needed to suppress the HBV

replication intensively (example: IC90).
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Isolation of HBV DNA from CHB patients
l Sequencing Analysis
Choosing of HBV with Genotype A2 & C2
Full-length PCR (primer pair, P1/P2) pHY106 vector

Sap 1 enzyme

i T4 ligase
pHY106-HBV DNA with genotype A2 & C2

l Transfection into Huh7 cell

Replication Competency

l Well replicated strain

Site-directly mutagenesis

(BCP, PC, BCP+PC mutation)

NS
[ h

Viral replicating capacity Sensitivity to antiviral agents

(HBV with BCP, PC, BCP+PC mutation) (lamivudine, entecavir, clevudine)

Scheme 1. Procedure of the present study
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Table 1. Primers used in present study

Oligo Name Genotype  Sequence

For full-length PCR

5’-CCGGAAAGCTTGAGCTCTTCTTTTTCACCTCTGCCT

Pl A,C
AATCA-3’

- N 5°CCGGAAAGCTTGAGCTCTTCAAAAAGTTGCATGGT
’ GCTGG-3’

For mutagenesis

BCP (F, Gt A) A GAGGAGATTAGGTTAATGATCTTTGTATTAGGAGGC
BCP (R, Gt A) A GCCTCCTAATACAAAGATCATTAACCTAATCTCCTC
BCP (F, Gt C) C GAGGAGATTAGGTTAATGATCTTTGTACTAGGAGGC
BCP (R, Gt C)) C GCCTCCTAGTACAAAGATCATTAACCTAATCTCCTC
PC (F, G1896A) A, C GCCTTGGGTGGCTTTAGGGCATGGACATTGACC

PC (R, G1896A) A C GGTCAATGTCCATGCCCTAAAGCCACCCAAGGC

PC (F, C1858T, Gt A) A TCTCTTGTACATGTCCTACTGTTCAAGCCTCCAA
PC (R, C1858T, Gt A) A TTGGAGGCTTGAACAGTAGGACATGTACAAGAGA
For real-time PCR

Forward A, C 5'-ACATCAGGATTCCTAGGACC-3'

Reverse A, C 5'-GGTGAGTGATTGGAGGTTG-3'

Probe A,C 5'-CAGAGTCTAGACTCGTGGTGGACTTC-3'
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Table 2. Sensitivity of wild type- and mutant type-HBV to LMV, ETV and CLV

Drug/strain IC50 (Mean+SD) Resistance fold

Lamivudine Genotype A2

WT 0.011+0.001 1.0
BCP 0.025+0.013 2.4
PC 0.032+0.006 3.0
BCP+PC  0.071%0.005 6.6
Genotype C2
WT 0.012+0.001 1.0
BCP 0.028+0.007 2.3
PC 0.048+0.01 3.9
BCP+PC  0.032+0.01 2.6
Entecarvir  Genotype A2
WT 1.05E-05+1.7120e-6 1.0
BCP 3.98E-05+3.8723¢-5 3.8
PC 8.58E-05+8.7611e-5 8.2
BCP+PC  5.13E-05+4.7412e-5 4.9
Genotype C2
WT 1.17E-05+1.07E-6 1.0
BCP 8.91E-05+8.12E-5 7.6
PC 1.26E-04+4.87E-6 10.7
BCP+PC  5.09E-05+2.18E-5 4.3
Clevudine Genotype A2
WT 0.0011+0.0001 1.0
BCP 0.0030+0.0022 2.4
PC 0.0049+0.0005 4.5
BCP+PC  0.0032+0.0007 29
Genotype C2
WT 0.0035+0.0001 1.00
BCP 0.0073+0.004 2.10
PC 0.0086+0.001 2.46
BCP+PC  0.0108+0.001 3.10

Note. Results are from duplicated experiment. The resistance fold is the IC50 ratio mutant/WT and
present as Mean+SD. Abbreviation: WT, wild-type; BCP, Basal Core Promoter; PC, Precore.
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Figure 1. Replication competency of pHY106-HBV with genotype A2 and genotype C2

Five clones from each genotype were transfected into Huh7 cell and the replication competency

were detected by Southern blot.
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Figure 2. Effect of BCP, PC and BCP+PC mutation on intracellular viral replication
ApHY106-HBV with wild- or mutant-type were transfected into 8x10° Huh7 cells and the
intracellular HBV DNA were detected by Southern blot. B. The relative intracellular viral
replication is represented as fold changes compared with wild-type strain. Abbreviation: WT,

wild-type; BCP, Basal Core promoter; PC, Precore.
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Figure 3. Effect of BCP, PC and BCP+PC mutation on HBV secretion
The extracellular HBV DNA was detected by Real Time PCR using sequence specific Tagman
probe and the result were compared with wild type-HBV of each genotype. Abbreviation: WT,

wild-type; BCP, Basal Core promoter; PC, Precore
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Figure 4. Sensitivity of wild type- and mutant type-HBYV to Lamivudine (LMYV)

A. Replicating capacity of wild type-and mutant type-HBV in different concentration of LMV

was detected by Southern blot. B. The density of signal from LMV-treated strain were

normalized to non-treated strain either in wild type or mutant type of HBV, and the data were

used for analyzing IC50 value by non linear regression method. Abbreviation:WT, wild type;

BCP, Basal Core promoter; PC, Precore
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Figure 4. Sensitivity of wild type- and mutant type-HBYV to Lamivudine (LMYV)

C. Replicating capacity of wild type-and mutant type-HBV in different concentration of LMV

was detected by Southern blot. D. The density of signal from LMV-treated strain were

normalized to non-treated strain either in wild type or mutant type of HBV, and the data were

used for analyzing IC50 value by non linear regression method. Abbreviation: WT, wild type;

BCP, Basal Core promoter; PC, Precore
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Figure 5. Sensitivity of wild type- and mutant type-HBV to Entecarvir (ETV)

A. Replicating capacity of wild type-and mutant type-HBV in different concentration of ETV
was detected by Southern blot. B. The density of signal from ETV-treated strain were
normalized to non-treated strain either in wild type or mutant type of HBV, and the data were
used for analyzing IC50 value by non linear regression method. Abbreviation: WT, wild type;

BCP, Basal Core promoter; PC, Precore
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Figure 5. Sensitivity of wild type- and mutant type-HBV to Entecarvir (ETV)

C. Replicating capacity of wild type-and mutant type-HBV in different concentration of ETV
was detected by Southern blot. D. The density of signal from ETV-treated strain were
normalized to non-treated strain either in wild type or mutant type of HBV, and the data were
used for analyzing IC50 value by non linear regression method. Abbreviation: WT, wild type;

BCP, Basal Core promoter; PC, Precore
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Figure 6. Sensitivity of wild type- and mutant type-HBYV to Clevudine (CLV)

A. Replicating capacity of wild type-and mutant type-HBV in different concentration of CLV

was detected by Southern blot. B. The density of signal from CLV-treated strain were

normalized to non-treated strain either in wild type or mutant type of HBV, and the data were

used for analyzing IC50 value by non linear regression method. Abbreviation: WT, wild type;

BCP, Basal Core promoter; PC, Precore
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Figure 6. Sensitivity of wild type- and mutant type-HBYV to Clevudine (CLV)

C. Replicating capacity of wild type-and mutant type-HBV in different concentration of CLV

was detected by Southern blot. D. The density of signal from CLV-treated strain were

normalized to non-treated strain either in wild type or mutant type of HBV, and the data were

used for analyzing IC50 value by non linear regression method. Abbreviation: WT, wild type;

BCP, Basal Core promoter; PC, Precore
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4. Discussion

In the present study, we evaluated the BCP mutation (A1762T/G1764A) and PC mutation

(G1896A) on the impact of viral replication and sensitivity to nucleoside analogues (lamivudine,

entecavir and clevudine) either in genotype A2 or in genotype C2.

Recently, it has been reported that elevated serum HBV DNA level and HBV genotype C are

strong independent risk factor of HCC (Chen, et al.,2006, Yang, et al.,2008). HBV is a DNA

virus that replicates via reverse transcription of RNA intermediate and can be increased by the

naturally occurring nucleotide mutations in virus genome (Baumert, et al.,1998, Buckwold, et

al.,1996, Delius, et al.,1983, Moriyama, et al.,1996).

Among them, BCP mutation is the frequently occurring mutation during viral

replication(Okamoto, ef al.,1994). In the present study, BCP mutation increased the intracellular

viral replication regardless of genotypes and this result is consistent with the previous in vitro

studies(Baumert, et al.,1998, Buckwold, et al.,1996, Moriyama, et al.,1996). BCP, which is

mapped between nucleotide 1742 and 1849 and contains four TATA-like boxes, has central role

in precore mRNA and pregenomic mRNA transcription during HBV replication (Chen, et

al.,1995, Yuh, et al.,1992). In vitro studies have shown that the BCP mutation enhanced viral

replication by suppressed the precore mRNA transcription to reduce HBeAg production and
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increased pregenomic mRNA transcription. HBeAg has been reported to inhibit HBV DNA

synthesis, thus the reduction of HBeAg production by BCP mutation increase viral replication.

Moriyama K et al. reported that the BCP mutation increased pregenomic mRNA, a template of

viral genome replication, transcription to enhance viral replication(Moriyama, et al.,1996). But,

there still exist controversy on the effect of BCP on increasing pregenomic mRNA (Baumert, et

al.,1998, Buckwold, et al.,1996, Moriyama, et al.,1996, Scaglioni, et al.,1997). Interestingly, in

our study, BCP mutation more effectively increased viral replication in genotype A2 than in

genotype C2. Generally, BCP mutation was more frequent in genotype C2 than in genotype A2,

thus we supposed it might be more effective in HBV-genotype C2 replication. The mechanism

of different effect of BCP mutation on viral replication is not clear, however, it might be

associated with the viral quasi-species. In vitro studies showed the various viral replication

levels of clinical HBV isolates from the same patients (Parekh, et al.,2003, Yang, et al.,2004).

Furthermore, even in the same genotype, BCP mutation increased the viral replication in

different level (Parekh, et al.,2003, Scaglioni, et al.,1997, Tacke, et al.,2004).

Another frequent mutation is PC mutation, which creates a stop codon at codon 28 to abolish

the HBeAg synthesis. PC mutation also has been reported to increase viral replication via

prevention of HBeAg production and stabilized the stem-loop in pregenomic mRNA in vitro

(Brunetto, et al.,1991, Carman, et al.,1989, Lok, et al,1994). In our study, PC mutation
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increased the viral replication both in genotype A2 and C2. In contrast to BCP mutation, PC

mutation had similar effect on the viral replication of both genotypes. Overall, BCP and PC

mutations increased the intracellular viral replication regardless of genotypes.

In addition, influence of BCP and PC mutations on the secretion of HBV were also evaluated.

In result, these mutations slightly increased the extracellular HBV DNA level in HBV-genotype

A2, but had no remarkable effect on the secretion of HBV in genotype C2. It might be explained

by the minor effect of BCP and PC mutations on the secretion of HBsAg (Tacke, ef al.,2004,

Wang, et al.,2007).

To date, there exist two types of antiviral agents, immunomodulator (interferon) and viral

polymerase inhibitor (nucleos(t)ide analogue). Successful antiviral therapy can improve hepatic

inflammation and fibrosis, suppress viral replication, and even improve survival(Dienstag, et

al.,1999, Hadziyannis, et al.,2005, Marcellin, et al.,2003, Niederau, et al.,1996, van Zonneveld,

et al.,2004). The efficacy of antiviral therapy is related with the baseline serum HBV DNA level,

which represents viral replication, both in immunomodulator and nucloes(t)ide analogue

treatment(Kau, et al.,2008, Mommeja-Marin, et al.,2003, Perrillo, et al.,1990, Song, et al.,2004,

Song, et al.,2000, van Zonneveld, et al.,2004). In present study, IC50 value of lamivudine,

entecarvir and clevudine were higher in BCP- and PC-mutant HBV strains compared with wild-

type HBV strain. Because these antiviral agents are viral polymerase inhibitor, the amount of
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inhibited virus might be same both in wild-type and mutant type. In other words, it needs higher

concentration of antiviral agents to effectively suppress the virus containing BCP mutation and

PC mutation equal to the suppression level in wild-type strain.

In Korea, most of the HBV is genotype C2 and more than approximately 90% and 30% of

them possessed BCP mutation and PC mutation, respectively(Song, et al.,2006, Yoo, et

al.,2003). In contrast, the frequency of BCP mutation and PC mutations in HBV-genotype A2 is

less than 20% (Sugauchi, et al.,2004, Tanaka, et al.,2004). It means that most Korean patients

might need more amount of antiviral agent to suppress complete viral replication

In conclusion, BCP and PC mutations increased viral replication regardless of HBV

genotypes in vitro. In addition, patients with theses mutations might need more amount of

antiviral agents. In the future, clinical trials are needed to compare the effectiveness of antiviral

agents using current standard dose and higher dose in patients with these mutations.
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6. Abstract in Korean

APl YIBE 7H e X8l 2ol A viral factor] X E P HBV DNA
o] &3 BY radutelyze] FAde] Fag d5AAw #Egth 4% HBV
DNA level> Hpole] 29 HAle= 3} Ak gl vhole] 29 HAlsHe 43S +
= F2% AAZ e vlol# 2 {2 basal core promoter (BCP) 2} precore (PC)H-$

Hololw] =2 BCP mutation (A1762T/G1764A) T PC mutation (G1896A) 7} 21t}
o]2] gk o] Hlo]#~9] genotype 2 subgenotypedll Wl wHAIHIEO] o7} gLt}
ol Ao FQ A Genotype C2014 °F 80% o]Ate] 2kx}o|A BCPLF PC
Hol 7k WAl ek WhHo] AJgle]l F8 [FARER genotype A20A= YAARIE=
20% W RFolth. wEbA Genotype C7F the frxt& ol vlsl & wpolel 2~ A m g i7f
oy o] Hlolg|2¢ EAE F7FA7]E BCP 2 PCHol$} dAto] Qls HoR
Ak, =g AA7FA F-E9 in vio & Hlol2l~ X8 F5 A2 genotype

Ao A & = o genotype CE EEZ S invitro 2P o] Fa3lrial AL A

ATEH: genotype C25 ©]-&3F in vitro AP RIS 7531 BCPE PCH o7} v}
olgj 2o FAo digh 4 9 ufolel Aol et FFS Astazr st
A5 2 W BY HA 32t A4 HBV DNAE FE3 o A7IAEE

210 2 Genotype A29F C2%1 vlol#] 25 A eigt th5 nlo]e] 9] AA|FHd2E PCR
W o 2 FZESth th3 Sapl enzyme 2.2 AFE 31 gene expression vector 91 pHY106
off AZAAIZTE. genotype A2%F C2%1 Hlo]H 2~ FHAE 7FA AL Q)= plasmid DNAS

o =
R Ris

tlo
i)

= (e} =
golst ts2s 52

hul

off

=
=

o

Huh7 cell®l] transfection’]# ¥lo]|&l~ &5
plasmid DNA S wild type® #| &9 t}. E=3F BCPX o], PCH o] B BCP+PCH o] 7} v}
oz o] FAo et FFS AFEL7] 915Fe] site-directly mutagenesis W 0%

BCP, PC ¥ BCP+PCHo]Z 7}A] & plasmid DNAS WS T tFg ©] 55 Huh7 cell
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o transfectiond}o] wHlolg xol FAFE =W I dlo|y A w3 TS
southern blot 2. & 3}+¢15}91 v},

A3} BCP, PC Z18]3 BCP+PCHolE & B 7H ulo]g] 2] genotypedl] 13
glol B wild typeell Hlal] M W wie]ly =9 BAlE FI7FAIZ T vhole{ o] Al
E ogroge] Fule] digk IS FRletr] flate] wiY AF delA mpolgx
DNAE F%% Uha real time PCRE H}o]#]2~ DNAS| S FHAIGITE 27 o]y
g Wol7} vpolgj 2o M BfoRe] FHlol= & FIFS T4 Fe AS IRl

o tEo® Fupoly Ael tigh Wole] S &l shr] ffste] AA d/FelA

>~
i
ol
ki
g
fu
i)

F&-5+= &ntole] 2 AA|Q) lamivudine entecarvir 12 1L clevudines
steo] Zhz; 50%2] Hheoly A~E oAls = IC50%kS Fate] mluwEkdt). Ayl olwdk
Hol52 A= Fdx o #AIGle] EE mutant type] 1C50%k°] wild type ©l H]

g el Stk 58] FRF AL 2] wlolezo] o] HAow Mg

& 4 AU W R wlolg 2] Fo] WE 5 TAdY 59 Held s i
= HEhlY] feiM o w2 w9 kgl dastts As & 5 lsyth

4E: A, BCP R PC Hol= A A7l AL W Hio]#] 2o =4
THe 71 AZIARE vlolE e FHld 2 9IS vAA F=th

S, vpolel o] BAZL SrkekE @ 4

JHU
0(1

drkol Bz A 8] Jgo] ozt
ki ozl gk ¥l wjiEol BCP/PC mutation HIWHS}7A] €= genotype C7F

ge FaxEel us Gvutele s ARFel F& A Az,
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