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ABSTRACT

  

  Despite the pathogenic role of the basal core promoter (BCP) and the 

precore mutations in chronic hepatitis B virus (HBV) infection, their role in 

the progression of liver disease is still controversial. We analyzed whether 

the accumulation of these mutations might enhance the progression of 

HBV-related liver disease. Forty consecutive patients at each clinical status 

were analyzed. Clinical statuses were as follows: HBeAg-positive 

asymptomatic carrier (HBeAg+ ASC) (defined as HBeAg+, anti-HBe-, HBV 

DNA+ by hybridization, normal transaminase); inactive HBsAg carrier; chronic 

hepatitis B; liver cirrhosis. The genotype and the BCP /precore regions were 

determined by PCR using genotype specific primers and direct sequencing, 

respectively. All patients excepted 1 were infected with genotype C of HBV. 

The A to T mutation at nucleotide 1762 and/or G to A mutation at nucleotide 

1764 were found in 30% in HBeAg+ ASC, 65.7% in inactive HBsAg carrier, 

95% in chronic hepatitis B, and 90% in liver cirrhosis (p < 0.001). The 

prevalence of the G to A mutation at nucleotide 1896 was 5% in HBeAg+ ASC, 

22.5% in inactive HBsAg carrier, 32.5% in chronic hepatitis B, and 50% in 

liver cirrhosis, respectively (p<0.001). The T to C/A mutation at nucleotide 

1753 in the BCP and G to A mutation at nucleotide1899 in the precore were 

more frequent in liver cirrhosis than in the other clinical statuses (p < 0.05). 

In conclusion, sequential accumulations of mutations in the BCP/precore have 

an important role in the progression of HBV-related liver disease.

Keywords: hepatitis B virus basal core promoter mutation genotype precore 

mutation chronic hepatitis B
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I. INTRODUCTION

Hepatitis B virus (HBV) infection is a global health problem and has 

infected more than 2 billions of people worldwide (Lavanchy et al,. 2004). 

HBV belongs to hepadnaviridae family, which are hepatotropic DNA virus. 

HBV has a partially double-stranded 3.2kb genome and replicates via reverse 

transcription of an RNA intermediate(Delius et al., 1983; Summers et al., 

1982). Because HBV polymerase, which serves as reverse transcriptase, 

lacks of proofreading function, mutations in HBV genomic DNA occur during 

DNA replication (Locarnini et al., 2003). The most frequently occurring HBV 

mutations include A to T mutation at nucleotide 1762 and G to A at nucleotide 

1764 (A1762T/G1764A) in the basal core promoter (BCP), which usually 

occurs together (Okamoto et al., 1994), and G to A mutation at nucleotide 

1896 (G1896A) in the precore region (Brunetto et al., 1989; Brunetto et al., 

1990). The core promoter region of HBV was mapped between nucleotide 

1613 and1849 (Yuh et al., 1992; Lo et al., 1994), 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 (Yuh et al., 1992; Chen et 

al., 1995). The A1762T/G1764A mutation located at the second TATA-like 

box in the BCP (nt1742-nt1849) region often present in chronic HBV 

infected patients (Okamoto et al., 1994; Sato et al., 1995). In addition,it was 

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 et al. 

(1995) reported that the A1762T/G1764A mutations in the BCP were 

associated with fulminant hepatitis. However, subsequent studies (Laskus et 

al., 1995; Sterneck et al., 1996; Liu et al., 2004) have denied this. In addition, 

some studies reported that the A1762T/G1764A mutation in the BCP were 
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associated with the progression of the liver disease (Lindh et al., 1999; 

Shindo et al., 1999). But other studies 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.  

Another common mutation in the natural course of chronic HBV infection 

is the precore stop (G1896A) mutation(Carman et al., 1989; Brunetto et al., 

1991), which creates a premature stop codon to prevent the production of 

HBeAg. HBeAg, known as an accessory protein of HBV, is not essential for 

viral replication (Chang et al., 1987; Chen et al., 1992), but has been used 

clinically as a marker of viral replication.

The G1896A mutation in the precore was originally hypothesized to a 

cause of fulminant hepatitis B (Carman et al., 1989; Carman et al., 1991; 

Omata et al., 1991; Liang et al., 1991) or severe chronic hepatitis (Brunetto 

et al., 1989; Brunetto et al., 1990; Carman et al., 1989; Okamoto 1990), 

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 (Tur-Kaspa et al., 1992; 

Akarca et al., 1994).

Precore stop codon mutation (G1896A) was considered that it was 

associated with more severe liver disease because of its high prevalence in 

patients with liver cirrhosis and hepatocellular carcinoma (Ikeda et al., 

1998).However, the precore stop codon mutation had also been detected 

frequently in either HBeAg-positive patients or HBeAg-negative 

asymptomatic carriers (Okamoto et al., 1994). So, it is still in debate on the 

relationship between precore stop mutation and severity of liver disease. 

Many studies suggested that mutation at nucleotide1896 was associated with 

specific genotype of HBV. Because this mutation was restricted to HBV 

genotype with T at nucleotide1858, which makes base pair with G at 
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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. (Lok et al., 1994; 

Li et al., 1993)

However, the reason why the previous studies showed different results 

in the role of these mutations is not clear. Recently, it has been suggested 

that HBV genotype has clinical implication in terms of progression of liver 

disease and genetic mutations. 

HBV genotypes are divided into 8 genotypes (A-H), based on intergroup 

divergence of 8% or greater of the entire genome sequence (Okamoto et al., 

1988; Norder et al., 1994; Stuyver et al., 2000; Arauz-Ruiz et al., 2002) and 

show characteristic geographic distribution (Norder et al., 1994; Lindh et al., 

1997; Lee et al., 2001; Ding et al., 2001; Orito et al., 2001: Cho et al., 2001) 

genotype A is predominantly found in North America, northwest Europe, 

India, and central Africa; genotypes B and C are mostly found in Asia; 

genotype D is commonly found in the Mediterranean area and India; genotype 

E is predominantly found in Africa; genotype F is found in American natives, 

Polynesia, and Central and South America; and genotype G has been reported 

in the USA and France. And recently, reported genotype H is found in Central 

America. (Arauz-Ruiz et al., 2002)

Some studies found that HBV genotype B is associated with a higher rate 

of spontaneous HBeAg seroconversion (defined as undetectable HBeAg/HBV 

DNA, and acquisition of anti-HBe) compared with genotype C (Chu et al., 

2002; Sugauchi et al., 2002; Sumi et al., 2003). Patients with genotype C and 

D showed poor response to interferon- therapy compared with patients with 

genotype B and A, respectively (Kao et al., 2000; Wai et al., 2002; Tharkur et 

al., 2002), but also, higher relapse rate after lamivudine-induced HBeAg loss 

(defined as undetectable HBeAg/HBV DNA) (Chien et al., 2003). In addition, 

prevalence of HBV genotype C and D is more frequent in patients with liver 

cirrhosis and hepatocellular carcinoma compared with genotype B and A, 
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respectively (Kao et al., 2000, Sugauchi et al., 2002), indicating that HBV 

genotypes themselves may have clinical relevance. 

Many previous studies analyzed the associations between the HBV 

genotypes and the precore/BCP mutations. It has been reported that the 

precore mutation was more frequently found in genotype B compared with 

genotype C .In contrast, the BCP mutations were more frequently found in 

genotype C compared with genotype B. (Lindh et al., 1999 Orito et al., 2001). 

Therefore, the different distribution of HBV genotype in the previous studies 

might act as confounding factors in the role of the precore/BCP in the 

progression of the liver disease. Therefore, it needs to study the role of the 

precore/BCP mutation in the progression of liver disease in adjusting the HBV 

genotype. 

Previously, it has been reported that A1762T/G1764A mutations in the 

BCP was found around 90% of the patients with chronic liver disease 

regardless of clinical outcomes of chronic liver disease and HBeAg status in 

Korea, in which most of the patients were infected with genotype C of HBV 

(Lee et al., 2001). This finding suggests that A1762T/G1764A mutations by 

themselves did not have any clinical relevance in the progression of chronic 

liver disease. Therefore, we assume that another mutation or accumulation of 

genetic mutation might be associated with the progression of chronic liver 

disease. Therefore, the aim of this study was to determine the frequency of 

the precore/BCP mutations in various manifestations of chronic liver disease 

in the natural course of HBV infection from HBeAg-positive healthy carrier 

to liver cirrhosis, which is an end result of liver damage. Thereby, we were to 

evaluate the role of genetic mutations in the progression of chronic liver 

disease associated with HBV infection.
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II. PATIENTS AND METHODS

1. Patients

The study patients with chronic HBV infection were enrolled between 

January 2002 and December 2003 at Cheju National University Hospital. This 

study included newly diagnosed patients as well as returning patients 

attending for follow-up visits. They were followed at 3- to 6- month 

intervals. At every visit, physical examinations, tests for serum biochemistry, 

-fetoprotein and ultrasonography were performed. Computed tomography or 

magnetic resonance imaging and liver biopsy were performed, if clinically 

needed. 

For the analyse of HBV genotypes and mutations in various clinical 

statuses of chronic HBV infection, we classified the chronic liver diseases into 

four categories on the basis of laboratory tests, radiological tests, and liver 

biopsy in some cases. The definitions of chronic liver diseases were as 

follows: HBeAg-positive asymptomatic carrier, which is usually encountered 

in the period of immune tolerance phase, was defined as detectable HBsAg, 

HBeAg and HBV DNA (by hybridization) in serum, undetectable anti-HBeAg, 

and normal serum alanine amino transferase (ALT); inactive HBsAg carrier 

was defined as detectable HBsAg and anti-HBe in serum, undetectable 

HBeAg, undetectable levels of HBV DNA by hybridization, normal serum 

ALT, and without any evidence of liver cirrhosis and hepatocellular 

carcinoma; chronic hepatitis B was defined as persistent elevation or 

fluctuation of serum ALT over 6 months without any evidence of any other 

etiology of chronic liver disease; liver cirrhosis was diagnosed on the 

following criteria: having clinically relevant portal hypertension (esophageal 

varices and/or ascites, splenomegaly with platelet count < 100,000/mm3) 

(Bruix et al., 1996) and imaging features suggestive of liver cirrhosis on 

ultrasonography.

To allocate the same number of patients in each clinical status, 40 
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consecutive patients were enrolled in each chronic liver disease. Patients 

were excluded if they had any of the followings: acute hepatitis B, 

concomitant hepatitis C or D virus infection, any history of antiviral therapy, 

history of immunosuppressive therapy, and history of heavy alcohol drinking. 

For the analysis of genetic mutations and HBV genotypes, residual serum 

samples were used with written informed consent. 

2. Serologic testing

HBsAg, HBeAg and anti-HBe were assayed using commercially available 

enzyme immunoassay kits from Abbott Laboratories (Wiesbaden, Germany). 

HBV DNA levels were measured by the Digene Hybrid Capture assay (Digene 

Corporation, Gaithersburg, MD. USA). 

3. Genotyping of HBV 

Nucleic acids were extracted from 200㎕ serum that had been stored at 

80℃ using a High Pure Viral Nucleic Acid Kit (Roche, Penzberg, Germany). 

HBV DNA was amplified by nested polymerase chain reaction (PCR) using the 

universal primers for the outer primers, followed by two different mixtures 

containing genotype-specific inner primers (Table 1) as described earlier by 

Naito et al. (2001), which were designed on the basis of the conserved nature 

of nucleotide sequences in regions of the pre-S1 through S genes, and were 

evaluated on the basis of the differences in the sizes of the genotype-specific 

bands. We undertook all necessary precautions to prevent 

cross-contamination,  and negative controls were included at each step.

4. Sequencing of precore and basal core promoter

To detect the mutations in precore and basal core promoter region of 

HBV, we did bi-directional sequencing with ABI PRISM BigDye Terminator 

v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster, USA) using an 

automatic sequencing machine-ABI PRISM 3100 Genetic Analyzer. 
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(HITACHI, Tokyo, Japan). Before sequencing, we extracted HBV DNA from 

serum, amplified HBV DNA with nested PCR. And the templates purified from 

the second PCR products by QIAquick Gel Extraction Kit (Qiagen GmbH, 

Hilden, Germany) were used in sequencing.

In brief, HBV DNA was extracted from 200㎕ of serum using High Pure 

Viral Nucleic Acid Kit (Roche, Penzberg, Germany), and serum samples had 

been stored at -80℃ before using. HBV DNA was amplified by nested 

polymerase chain reaction (PCR). And the primers used in this study were as 

follows: the external primers were P1(5'-CATAAGAGGACTCTTGGACT-3',  

positions 1653-1672) and P2(5'-GGAAAGAAATCAGAAGGCA-3', positions 

1974-1956); internal primers were P3(5'-GGACTCTTGGACTCTCAGCAA 

-3', positions 1660-1680) and P4(5'-TCCACAGAAGCTCCAAATTCTT 

T-3', positions 1941-1919).

The first PCR was carried out in a tube containing 50 ㎕ which was 

composed of the following components: 0.2 μM concentration of each of the 

external primer, 0.2 mM concentration of each of the four dNTP, 1.5 mM 

MgCl2, Five microliters of 10×PCR buffer (Promega, Madison, USA), and 10 

㎕ of solution extracted from serum. The first round PCR was programmed to 

the first incubate the samples at 94℃ for 5min, followed by 40 cycles at 94℃ 

for 30sec, at 54℃ for 30sec, and then at 72℃ for 45sec, with a 10 minute 

extension step at 72℃. The second PCR was programmed same to the first 

PCR except annealing temperature (60℃) and the amounts of templates (2 ㎕  

of the first PCR products). Five microliters of the second PCR products were 

analyzed by electrophoresis in a 1% agarose gel stained with ethidium 

bromide and visualized with an ultraviolet translluminator. And the size of 

PCR products was estimated according to the migration pattern of a 100bp 

DNA ladder (Promega). Then, the second PCR products were purified from 

1% of Agarose gel using QIAquick Gel Extraction Kit (Qiagen GmbH). Two 

microliters of gel-extracted products were used as sequencing templates. All 

necessary precautions to prevent cross-contamination were performed, and 
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negative controls were included in each assay.

 

5. Statistical analyses 

The results were expressed as mean SD. or percentage. The differences 

among the categorical variables were analyzed by Fisher's exact test or 

chi-square test. For the continuous variables, Student's t-test was used. A p 

value of less than 0.05 (two-tailed) was considered to be statistically 

significant. And the analysis software was Statistical Package for Social 

Science (SPSS) version 11.5.



- 9 -

III. RESULTS

The demographic and laboratory data of the 160 patients (102 male, 58 

female) enrolled in this study are summarized in Table 2. The mean age of 

the study groups is 26.4±10.3, 34.6±8.5, 35.2±14.2, and 54.2±9.9 years, 

respectively (p< 0.005). Female was more prevalent in inactive HBsAg 

carrier, in contrast, male was more prevalent in other spectrums of chronic 

liver disease (p< 0.005)

To study the prevalence of the precore and the BCP mutations according 

to the HBeAg status, we also classified the patients into HBeAg-positive 

group and HBeAg-negative group. In these groups, the mean age was 34.3±  

15.9 and 41.5±12.5 years, respectively (p=0.002). (Table 3.)

1. HBV genotype

All samples were positive for specific genotyping nested PCR and 

identified as genotype C including one mixed genotype (genotype B and C) 

regardless of various clinical outcomes of chronic HBV infection.

2. Prevalence of the precore/BCP mutations in relation to clinical outcomes

Overall, the A1762T/G1764A mutation in the BCP was found in 113 

(70.6%) of the 160 patients. In HBeAg-positive asymptomatic carrier, 12 

(30%) of 40patients, including 1 patient with mixed type, had 

A1762T/G1764A mutations in the BCP. In inactive HBsAg carriers, the 

A1762T/G1764A mutation was found in 27 (67.5%) of 40 patients, including 

5 patients with mixed type. In patients with chronic hepatitis B, 

A1762T/G1764A mutations were found in 38 (95.0%) of 40 patients, 

including 3 patients with mixed type. In liver cirrhosis, A1762T/G1764A 

mutations were found in 36 of 40(90%), including 4 patients with mixed type. 

In HBeAg-positive asymptomatic carriers, A1762T/G1764A mutations in the 
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BCP were less frequent than in other disease spectrums (p < 0.001). In 

addition, the prevalence of A1762T/G1764A mutations in the BCP in patients 

with chronic hepatitis B and liver cirrhosis was higher than in inactive HBsAg 

carriers. However, there were no significant differences between the patients 

with chronic hepatitis B and liver cirrhosis patients (p=0.675)(Table 

2)(Figure 1).

Overall, the prevalence of precore stop codon mutation (G1896A) was 44 

(27.5%) of the 160 patients. All patients had T at nucleotide 1858, which 

makes a base-pair with the 1896 nucleotide in stem loops structure of the 

pregenomic RNA of HBV. In HBeAg-positive asymptomatic carriers, precore 

stop codon mutation (G1896A) was found in 2 (5%) of 40 patients. In inactive 

HBsAg carrier, G1896A mutation was found in 9(22.5%) of 40, including 5 

mixed types. In patients with chronic hepatitis B, precore stop mutation was 

found in 13 (32.5%) of 40, including 8 mixed types. In patients with liver 

cirrhosis, G1896A mutation was found in 20 (50%), including 8 patients with 

mixed types. Even though, HBeAg-positive asymptomatic carriers have 

fewer frequencies of G1896A mutation than other clinical outcomes, 

(P<0.05). (Table 2), there were no significant differences among the patients 

with chronic hepatitis B, inactive HBsAg carrier, and liver cirrhosis (Table 

2)(Figure 2).

Other mutations were found in the precore/core promoter regions. Of 

these mutations, T to C or A at nucleotide 1753 (T1753C/A) located at the 

first TATA-like box was found in 23 (14.4%) of the patients. In addition, 

1754 mutation was found in 8 (5.1%) of the patients. The prevalence of these 

mutations is presented in Table 4. Interestingly, T1753C/A mutation in liver 

cirrhosis was occurred more frequently than that in other clinical outcomes 

(P<0.05)(Figure 3). 

Another precore mutation, G to A, at nucleotide1899 was detected in 10 

(6.25 %) of 160 patients. Eight (80%) of these 10 patients with this mutation 

were concomitant with G1896A mutation and most of this double mutations 
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occurred in patients with liver cirrhosis (Table 4).

3. Prevalence of G1896A mutation in the precore and A1762T/G1764A 

mutations in the BCP in relation to HBeAg status

In relation to HBeAg status, the A1762T/G1764A mutation in the BCP 

was found in 64.4% (including mixed type) and 78.1% (including mixed type) 

in HBeAg-positive and HBeAg-negative patients, respectively (p=0.058). 

When the patients with G1986A mutations in the precore were excluded 

because they affect expression of the HBeAg status, A1762T/G1764A 

mutations in the BCP were found in 65.1% (including mixed type) and 70.4% 

(including mixed type) in HBeAg-positive and HBeAg-negative patients, 

respectively (p=0.52)(Table 5). However, G1896A mutations in the precore 

were more frequently found in HBeAg-negative patients compared with 

HBeAg-positive patients (39.7% vs. 17.2%; p=0.002) (Table 3).
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IV. DISCUSSION

In this study, we examined the prevalence of mutations in the 

precore/BCP region of HBV in 160 consecutive patients infected by hepatitis 

B virus in Korea according to different clinical manifestations. Thereby, we 

were to analyze the role of the precore/BCP mutations in the progression of 

chronic liver diseases. 

In our study, we found that Korean patients infected with hepatitis B virus 

mostly had genotype C regardless of various clinical outcomes. Similar results 

were found in other Korean studies, too (Lee et al., 2001; Cho et al., 2001). 

This result may relate to the anthropologic characteristics of the monoracial 

Korean peoples. 

Recently, many investigators were interested in the association between 

the precore/BCP mutations and severity of liver disease. The BCP has been 

known that it plays a central role in regulating pregenomic RNA and precore 

RNA transcription. (Yuh et al., 1992; Chen et al., 1995). It was also reported 

that the occurrences of the mutations in the precore/BCP region depend on 

HBV genotypes. The A1762T/G1764A mutation in the BCP were more 

frequent in genotype C than that in genotype B. On the contrary, G1896A 

mutation in the precore occurred less in genotype C than in genotype B (Orito 

et al., 2001; Lindh et al., 1999). In addition, G1896A mutation in the precore 

was to be restricted in the genotype, which had T at nucleotide 1858 (Chan et 

al., 1999; Lindh et al., 1997). Several studies reported that these double 

mutations enhanced the viral replication and suppressed precore RNA 

expression. (Lindh et al., 1999; Shindo et al., 1999; Moriyama et al., 1996). 

However, other studies reported that A1762T/G1764A mutations in the BCP 

region occurred very frequently regardless of HBeAg status and during the 

progressions of liver disease, but these were not associated with liver disease 

and viral replication. (Chun et al., 2000; Yoo et al., 2003), 
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In this study, the prevalence of T1762A/G1764A mutation in the BCP was 

70.6%. In Taiwan, 20% of patients infected by hepatitis B virus with genotype 

C had the core promoter mutation (T1762A/G1764A) (Kao et al., 2003), and 

in Hong Kong, 87.9% of patients with HBV genotype C had the core promoter 

mutations (Yuen et al., 2004). Despite of having same genotype, there are 

different occurrences of the core promoter mutations. However, the exact 

reason is unknown. It may be associated with the ethnics and geographic 

differences. We also found that the occurrences of the core promoter 

mutations were frequent in HBeAg-positive asymptomatic carriers (30%), it 

may be associated with the transmission of HBV infection, which was the 

major route of HBV infection in Korea. (Kang et al., 2004) 

The A1762T/G1764A mutations have fewer occurrences in 

HBeAg-positive asymptomatic carriers than other clinical manifestations. 

However, A1762T/G1764A mutations occurred more frequently in patients 

with chronic hepatitis B and liver cirrhosis than that in inactive HBsAg 

carriers, but there were no significant differences between the patients with 

chronic hepatitis B patients and liver cirrhosis. This finding suggests that 

A1762T/G1764A mutations occur after immune systems recognize the HBV 

and attack the HBV. Interestingly, we found that the double mutations 

(A1762T/G1764A) were comparable between inactive HBsAg carriers and 

chronic hepatitis B patients. However, there were no significant differences 

between chronic hepatitis B and liver cirrhosis patients. This finding suggests 

that these double mutations (T1762A/G1764A) might contribute to the 

persistence of hepatitis B virus in host, but these mutations by themselves 

would not be associated with the progression from chronic hepatitis to liver 

cirrhosis.

It also suggests that during the progression from chronic hepatitis to liver 

cirrhosis, there was no further accumulation of these mutations. This was 

quite contrast to the previous results that these mutations were more 

frequent in liver cirrhosis compared with chronic hepatitis B. 
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    Another common mutation at nucleotide 1896, which makes a premature 

stop codon and diminishes the production of HBeAg, has the same 

controversy as core promoter mutations (A1762T/G1764A) (Ikeda et al., 

1998; Ballard et al., 2000; Yoo et al., 2003). In our study, there were 

significant differences between HBeAg positive asymptomatic carriers and 

other three clinical outcomes in the presences of precore stop codon 

mutation. Although, there were significant differences between inactive 

HBsAg carriers and liver cirrhosis patient (22.5% vs. 50.0%, p=0,011), we 

didn't find statistical differences between chronic hepatitis B patients and 

inactive HBsAg carriers or liver cirrhosis patients (22.5% vs. 32.5%, p=0.317 

or 32.5% vs. 50.0%, p=0.112). But with the progression of the liver disease, 

the precore mutation was gradually accumulated and this mutation was more 

frequent in HBeAg negative patients than in HBeAg positive patients (39.7% 

vs. 17.2%, P=0.002). We found that the presences of the mutations in 

precore/BCP region were lower in HBeAg positive healthy carriers than that 

in other clinical manifestations. It may be that HBeAg positive asymptomatic 

carriers were staying in immune tolerance phase of natural course of hepatitis 

B virus infection and got less attacks than others from host immune system. 

But, with the increasing of age, years of infection and immune activity, the 

hepatitis B virus was attacked by host immune system and made some 

mutations in its genome to escape from the stress. Through the immune 

clearance phase of natural course of HBV infection, HBV infected liver 

disease would clinically convert to inactive HBsAg carrier or chronic hepatitis 

B. 

For understanding, if there exist other mutations to correlate with the 

severity of liver disease, we also examined the additional mutations in 

precore/BCP region. Some additional mutations in precore/BCP region were 

found in our study, such as T to C or A at nucleotide 1753, T to C at 

nucleotide 1754, G to A at nucleotide 1899 and so on. Of these, T1753A/C 

mutation and G1899A mutation was found in up to 5% to 32.5% and 2.5% to 

20 %, respectively. Previously, it had been reported that approximately 50% 
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of G1896A mutation was likely to companied G1899A. (Sarin et al., 2002) In 

our study, we found 20% of G1896A mutations with G1899A mutation, and 

most of this mutation was found in liver cirrhosis patients. T to C or A at 

nucleotide 1753 substitution had been supposed that it would be associated 

with severity of liver disease. (Kidd-Ljunggrenet al, 1997; Takahashi et al., 

1998)  Our result suggested that mutation at nucleotide 1753 was associated 

with the progression to liver cirrhosis, because, in our data, the high 

frequencies of this mutation in liver cirrhosis patients were comparable with 

either inactive HBsAg carriers or chronic hepatitis B patients. To the 

contrary, there were no significant differences between inactive HBsAg 

patients and chronic hepatitis B patients. This mutation will be another 

genetic risk factor to progress the liver disease, even develop to the 

hepatocellular carcinoma. (Takahashi et al., 1998)

In HBeAg status, the basal core promoter mutations (T1762A/G1764A) 

and precore mutation (G1896A) were frequently occurred in both of the 

groups, but only precore mutation had significant differences in HBeAg status 

(17.2% vs. 39.7%, p=0.002). And in many HBeAg negative patients also 

could detect HBV DNA. It suggested that hepatitis B virus express precore 

stop codon mutant gene to diminish the production of HBeAg, which was the 

major target of immune system, to escape from the host immune attacks. 

From this study, we speculate the progression of chronic liver disease 

associated with HBV infection as follows: during the natural course of chronic 

HBV infection from immune tolerant phase to immune clearance phase, 

manifested as chronic hepatitis or inactive HBsAg carrier, A176T/G1764A 

mutations in the BCP occurred regardless of clinical manifestation. However, 

the prevalence of A176T/G1764A mutations did not increase in patients with 

liver cirrhosis compared with chronic hepatitis. In contrast, G1986A mutation 

in the precore occurred progressively in due order from the HBeAg-positive 

asymptomatic carrier, inactive HBsAg carriers, chronic hepatitis B and liver 

cirrhosis (5%  vs.  22.5%  vs.  32.5%  vs.  50 %).  In addition,   accompanying 
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T1753C/A mutation, which did not affect the course of other clinical 

manifestations, might enhance the progression from chronic hepatitis B to 

liver cirrhosis.
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Primer Sequences

  Outer primer

      Sense 5'-TCACCATATTCTTGGGAACAAGA-3'(2815-2837)

Antisense 5'-CGAAC ACTGAACAAATGGC-3' (685-704)

   Inner primer

Mix 1

Sense 5'-GGCTCCAGTTCCGGAACAGT-3' (67-86)

Antisense

Type A specific 5'-CTCGCGGAGATTGACGAGATGT-3'(113-134)

Type B specific 5'-CAGGTTGGTGAGTGACTGGAGA-3'(324-345)

Type C specific 5'-GGTCCTAGGAATCCTGATGTTG-3'(165-186)

Mix 2

     Sense

Type D specific 5'-GCCAACAAGGTAGGAGCT-3' (2979-2996)

Type E specific 5'-CACCAGAAATCCAGATTGGGACCA-3'(2955-2978)

Type F specific 5'-GCTACGGTGGGTTACCA-3' (3031-3051)

Antisense 5'-GGAGGCGGATCTGCTGGCAA-3'(3078-3097)

Table 1. Primer sequences for HBV genotyping used in this study
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Variables
HBeAg+ 

ASC

(n=40)

Inactive

HBsAg 

carrier

(n=40)

Chronic

Hepatitis B

(n=40)

Liver 

Cirrhosis

(n=40)

Gender (M/F) 23/17 16/24 31/9 32/8

Age (years)* 26.4±10.3 34.7±8.5 35.2±14.2 54.2± 9.9
ALT(IU/L)* 27.9±11.2 30.5±6.8 354.4±530.0 137.7±205.5

Mutations in BCP
nt 1762 mutant

             mixed

11(27.5) 21(52.5) 34(85.0) 32(80.0)

1(2.5) 5(12.5) 3(7.5) 4(10.0)

nt 1764 mutant

             mixed

11(27.5) 22(55.0) 35(87.5) 32(80.0)

1(2.5) 5(12.5) 3(7.5) 4(10.0)

Overall mutation

(1762/1764)↑ 12(30.0) 27(67.5) 38(95.0) 36(90)

nt 1753 mutant

mixed

3(7.5) 4(10.0) 2(5.0) 9(22.5)

0 1(2.5) 0 4(10.0)

Overall mutation↕ 3(7.5) 5(12.5) 2(5.0) 13(32.5)

Mutation in Precore
nt 1896 mutant

            mixed

2(5.0) 4(10.0) 5(12.5) 12(30.0)

0 5(12.5) 8(20.0) 8(20.0)

Overall mutation§ 2(5.0) 9(22.5) 13(32.5) 20(50.0)

Accompanying mutation

 at nucleotide

1762/17641753?‡ 2(5) 4(10) 2(5) 11(27.5)

1762/1764/1896¶ 1(2.5)       9(22.5) 12(30.0) 18(45.0)

Table 2. Characteristics of patients and prevalence(%) of precore/core             

 promoter mutations in relation to clinical outcomes

↑p=0001, HBeAg+ASC vs. inactive HBsAg carrier; 

   p<0001,  HBeAg+ASC vs. Chronic hepatitis B; 

   p<0001,  HBeAg+ASC vs. liver cirrhosis; 

   p=0002, inactive HBsAg carrier vs. Chronic hepatitis B;

  



- 19 -

   p=0014 ,inactive HBsAg carrier vs. liver cirrhosis; 

   p=0675 ,Chronic hepatitis B vs. liver cirrhosis; 

↕p=0712, HBeAg+ASC vs. inactive HBsAg carrier; 

   p=0.64, HBeAg+ASC vs. Chronic hepatitis B; 

   p=0.005, HBeAg+ASC vs. liver cirrhosis; 

   p=0.432, inactive HBsAg carrier vs. Chronic hepatitis B; 

   p=0032 ,inactive HBsAg carrier vs. liver cirrhosis; 

   p=0002 ,Chronic hepatitis B vs. liver cirrhosis; 

§p=0023, HBeAg+ASC vs. inactive HBsAg carrier; 

   p=0.002, HBeAg+ASC vs. Chronic hepatitis B; 

   p<0001, HBeAg+ASC vs. liver cirrhosis; 

   p=0.317, inactive HBsAg carrier vs. Chronic hepatitis B; 

   p=0011 ,inactive HBsAg carrier vs. liver cirrhosis; 

   p=0112,Chronic hepatitis B vs. liver cirrhosis; 

‡p=0675, HBeAg+ASC vs. inactive HBsAg carrier; 

   p=1.0, HBeAg+ASC vs. Chronic hepatitis B; 

   p=0006, HBeAg+ASC vs. liver cirrhosis; 

   p=0.675, inactive HBsAg carrier vs. Chronic hepatitis B; 

   p=0045, inactive HBsAg carrier vs. liver cirrhosis; 

   p=0006,Chronic hepatitis B vs. liver cirrhosis; 

¶p=0007, HBeAg+ASC vs. inactive HBsAg carrier; 

   p=0.001, HBeAg+ASC vs. Chronic hepatitis B; 

   p<0001, HBeAg+ASC vs. liver cirrhosis; 

   p=0.446, inactive HBsAg carrier vs. Chronic hepatitis B; 

   p=0033, inactive HBsAg carrier vs. liver cirrhosis; 

   p=0166,Chronic hepatitis B vs. liver cirrhosis;

* Expressed as mean±SD.
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　 HBeAg-positive HBeAg-negative

Gender (Male/Female) 58/29 44/29

Age (years)* ¶ 34.3±15.9 41.5±12.5
ALT (IU/L)* § 172.1±384.3 93.45±178.4
nt 1762    Wild   32(36.8) 17(23.3)

   Mutant 49(56.3) 49(67.1)
   Mixed 6(6.9) 7(9.6)

nt 1764    Wild  31(35.6) 16(21.9)
   Mutant 50(57.5) 50(68.5)
   Mixed 6(6.9) 7(9.6)

Overall mutation↑

(1762/1764)
56(64.4) 57(78.1)

nt 1896    Wild     72(82.8) 44(60.3)
      Mutant 4(4.6) 19(26.0)
      Mixed 11(12.6) 10(13.7)

Overall mutation↕ 15(17.2) 29(39.7)

Table 3. Characteristics of patients and prevalence(%) of precore/core       

       promoter mutations in relation to HBeAg status

 ¶P=0.002, HBeAg-positive vs. HBeAg-negative

 §P=0.112, HBeAg-positive vs. HBeAg-negative 

 ↑P=0.058, HBeAg-positive vs. HBeAg-negative 

 ↕P=0.002, HBeAg-positive vs. HBeAg-negative

* Expressed as mean±SD.
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HBeAg+ 

ASC

(n=40)

Inactive

HBsAg carrier

(n=40)

Chronic

Hepatitis B

(n=40)

Liver 

cirrhosis

(n=40)
nt 1754
            Wild 37(92.5) 40(100) 39(97.5) 36(90)
          Mutant 3(5.0) 0 1(2.5) 4(7.5)
nt 1899
            Wild 39(97.5) 39(97.5) 40(100) 32(80)
          Mutant 1(2.5) 1(2.5) 0 8(20)

Table 4.  Prevalence(%) of other mutations in relation to clinical outcomes
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HBeAg-positive HBeAg-negative
Gender (M/F 56/27 31/23
Age (years)*↑ 34.3±16.2 39.5±11.7
ALT (IU/L)*↕ 166.2±387.2  72.6±143.3
A1762T/G1764A

Wild 29(34.9) 16(29.6)
              Mutant¶ 54(65.1) 38(70.4)

Table 5. Prevalence(%) of A1762T/G1764A mutations without G1896A 

mutation in precore in relation to HBeAg status

 ↑P=0.04, HBeAg-positive vs. HBeAg-negative

 ↕P=0.09, HBeAg-positive vs. HBeAg-negative 

 ¶P=0.52, HBeAg-positive vs. HBeAg-negative

  * Expressed as mean  SD.
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Figure 1. Comparison of the frequency of A1762T/G1764A mutations in 

relation to clinical outcomes
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Figure 2. Comparison of the frequency of the G1896A mutation in relation to 

clinical outcomes
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Figure 3. Comparison of frequency of the T1753C/A mutation in relation to 

clinical outcomes
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V. ABSTRACT IN KOREAN

HBV DNA의 basal core promoter와 precore에서 일어나는 변이

(A1762T/G1764A/G1896A) 및 HBV의 유전자형은 B형 간염 바이러스에 감염 된 

만성 간질환의 진행과 밀접한 관계를 가지고 있다고 보고 되였지만  이들 간의 연관성

에 대해서는 아직 까지 많은 논의를 하고 있다. 본 연구에서는 HBV에 감염된 만성 간

질환 환자를 연구대상으로 하여 임상경과에 따라 HBV DNA의 core promoter와 

precore에서 일어나는 변이의 축적과 만성 B형 간질환의 진행과의 연관성에 대하여 

연구하였다. 

본 연구에서는 160명의 만성 B형 간질환 환자를 연구대상으로 하였으며 임상적 

진단에 근거하여 네 개의 그룹 즉 활동성보균자(HBeAg+, anti-HBe- HBV DNA+ 

by hybridization, 그리고 혈청 ALT 정상, n=40), 비활동성 보균자(n=40), 만성간

염환자(n=40), 간경변증환자(n=40)로 분류하였다. HBV DNA의 core promoter와 

precore부위의 변이는 직접염기서열방법을 이용하여 측정하였고 HBV DNA의 유전

자형은 각 유전자형에 특이적인 primer를 이용하여 측정하였다. 모든 환자에서 유전

자형이 C인 HBV가 발견 되였으며 그 중 한명에서 유전자형 B와 C의 혼합형인 HBV

가 발견 되였다. Basal core promoter부위에서 A1762T/G1764A변이는 활동성 보

균자에서는 30%, 비활동성 보균자에서는 65.7%, 만성 B형 간염환자에서는 95%, 그

리고 간경변증환자에서는 90%가 발견 되였다. Precore부위에서 G1896A변이는 활

동성 보균자에서는 5%, 비활동성 보균자에서는 22.5%, 만성 B형 간염환자에서는 

32.% 그리고 간경변증 환자에서는 50%가 발견 되였다. Basal core promoter부위에

서의 T1753C/A변이와 precore부위에서의 G1899A변이는 간경변증 환자에서의 발

생빈도가 다른 세 그룹에 비하여 현저히 높다(p<0.05). 

한국에서의 HBV 유전자형은 대부분 C형이며, 유전자형이 C인 HBV에 감염된 만

성 B형 간질환에서는 임상경과에 관계없이 대부분 환자에서 basal core promoter와 

precore부위에서 변이가 발견되며 이들 변이의 축적은 HBV감염과 연관되는 만성간

질환의 진행과정에서 중요한 역할을 할 것이다.

색인단어: B형 간염 바이러스, basal core promoter 변이, precore변이, 유전자형, 만

성 B형 간염
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