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Abstract

Hepatitis B virus (HBV) infection is a global health problem and more than 350 million people worldwide are chronic carriers of the virus. Despite the recent dramatic decline in HBV chronic patients through successful programs of hepatitis B surface antigen vaccination, South Korea is still recognized as an endemic area of HBV infection. HBV infections in South Korea exhibit several distinct features in epidemiologic and clinical aspects. In this review paper, we summarize the distinct HBV mutation patterns related to clinical severity and the molecular epidemiologic traits in Korean chronic patients based on previous reports. Generally, several lines of evidence, including our previous results, have led to the conclusion that a combination of the exclusive predominance of genotype C2, which is prone to mutations, the high prevalence of basal core promoter double mutations, and the presence of distinct immune responses against HBV proteins in the Korean population may generate the distinct HBV variants rarely or not encountered in other areas, which results in distinct clinical manifestations in Korean chronic patients. This may provide a novel insight into the relationships between clinical severity, HBV genotype distribution, and HBV naturally occurring variants.
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Core tip: In this review paper, we summarize the distinct hepatitis B virus (HBV) mutation patterns related to clinical severity and the molecular epidemiologic traits in Korean chronic patients based on previous reports. Generally, several lines of evidence have led to the conclusion that a combination of the exclusive predominance of genotype C2, which is prone to mutations, the high prevalence of basal core promoter double mutations, and the presence of distinct immune responses against HBV proteins in the Korean population may generate the distinct HBV variants rarely or not encountered in other areas, which results in distinct clinical manifestations in Korean chronic patients.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a global health problem, and more than 350 million people worldwide are chronic carriers of the virus[1]. The infection is associated with a large spectrum of clinical manifestations ranging from acute or fulminant hepatitis to various forms of chronic infection, including asymptomatic carriers, chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)[2]. HBV vaccination was first introduced into the Korean population in 1983[3], and it dramatically reduced the prevalence of hepatitis B surface antigen (HBsAg) positive chronic carriers from more than 10% to 3.7% in 2007 during a period of approximately 30 years[4].

Despite the recent dramatic decline in HBV chronic patients through the successful program of HBsAg vaccination, South Korea is still recognized as an endemic area of HBV infection. HBV infections in South Korea have exhibited some distinct features from both epidemiologic and clinical aspects. First, among the Organisation for Economic Co-operation and Development nations, South Korean infections have exhibited the highest incidence of HCC that is primarily induced by HBV infection[5]. Second, relatively lower antiviral responses against alpha interferon and/or lamivudine were found in Korean patients compared with patients in other countries[6]. Third, of particular note, it was reported that only genotype C2 infections, which are known to be more prone to mutations and are related to greater severity in liver diseases compared with genotype B[7], were found in an exclusive manner in this area[8], which contribute to the distribution of characteristic HBV mutation patterns related to the progression of liver diseases. These features lead to the hypothesis that there may be a distinct naturally occurring HBV mutation related to clinical severity and lower antiviral responses in chronic patients in South Korea. In order to prove this hypothesis, we have attempted to determine the HBV variants related to the progression of liver diseases, particularly HCC, and to analyze the mutation frequency in HBV encoding antigens from Korean patients[9-22].

In this review paper, we summarize the distinct HBV mutation patterns related to the clinical severity and molecular epidemiologic traits in Korean chronic patients, primarily focusing on the mutation patterns of 4 regions, preS[9,15,16], surface (S)[12,13,20], precore/core (preC/C)[11,17], and X[14,18,22].

DISTRIBUTION OF HBV GENOTYPES IN KOREAN CHRONIC PATIENTS

HBV has been divided into eight genotypes, types A-H, based on one of the following criteria: an intergroup divergence of 8% or greater in terms of its complete genome nucleotide sequence or a 4.1% divergence or greater for the surface antigen gene[23-25]. These genotypes reflect the geographical distribution of HBV. It has also been suggested that the area-specific localization of HBV genotypes is associated with anthropologic history[26]. In addition, remarkable differences have been reported in the clinical and virological characteristics of patients infected with different genotypes[27]. For example, in Asia, genotype C has been found to have a greater ability to induce disease than genotype B[7]. Our previous molecular epidemiologic study based on the direct sequencing protocol targeting the partial S gene (541 bp) found that all HBV strains from 209 Korean chronic patients belonged to genotype C2 (100%)[8]. Other studies based on serology[28] and polymerase chain reaction (PCR) restriction fragment length polymorphism analysis, or genotypic-specific PCR[29], also support these results. The exclusive predominance of genotype C infection without coexistence with other genotypes is the most distinct epidemiologic trait shown in Korean chronic patients[8], and this may affect the clinical manifestations of Korean chronic patients as well as the virological traits such as mutation frequency.

MUTATION FREQUENCY AND PATTERNS IN THE PRES REGION IN KOREAN CHRONIC PATIENTS

The envelope of HBV is composed of three forms of HBsAg sharing 226 amino acids at the C-terminus: the large (coded using the preS1/S2/S gene), middle (the preS2/S gene), and small (the S gene) envelope proteins. During the viral life cycle, at least two essential functions have been attributed to the preS domain: attachment to the hepatocyte membrane and budding of the virus at the endoplasmic reticulum (ER)[30,31]. Thus far, several lines of evidence that mutants occurring naturally in the preS region correlate with more progressive forms of liver disease have been documented[32-34]. The mutations, particularly deletions, in the preS region may affect the ratio between the small and large envelope proteins, which results in the ER stress associated with the aggravation of liver disease. Furthermore, integration of the truncated large or middle envelope protein into the host chromosome enhances the potential development of HCC by increasing the transactivating capacity[35].

Our report regarding the prevalence of preS deletions in Korean chronic patients demonstrated that a relatively high level of preS deletions was found in Korean chronic patients (30.8%, 37/120 patients)[16]. The comparisons of the clinical information between chronic patients with and without preS deletions indicated that patients with deletions were older (54.3 ± 12.7 vs 45.1 ± 18.2, P = 0.006), had more severe liver disease (liver cirrhosis and HCC; 73% vs 41%, P = 0.001), and had a higher HBV DNA level (378.4 vs 70, P = 0.009) than those without the deletion. These results suggest that the acquisition of preS deletions may contribute to the progression into severe types of disease such as HCC and liver cirrhosis, at least in genotype C-infected Korean chronic patients[16].

Although preS deletion in Korean chronic patients was significantly associated with severe forms of liver diseases, a difference between the preS1 and preS2 deletions in relation to HCC and liver cirrhosis was found. For example, preS1 deletions were observed more frequently in HCC patients than in patients with liver cirrhosis [32.5% (13/40 patients) vs 19.9% (4/21 patients)], and the opposite was observed in preS2 deletion variants [15.0% (6/40 patients) vs 38.1% (8/21 patients)], which suggests that the preS1 and preS2 deletions cause different patterns of disease progression, at least in Korean chronic patients[16].  Furthermore, a discrepancy between the two deletion groups according to hepatitis B e antigen (HBeAg) serostatus was also observed. While the preS1 deletion was not related to the HBeAg serostatus (HBeAg negative vs HBeAg positive; 21.3% vs 18.6%), the frequency of preS2 deletions was positively related to the HBeAg negative serostatus (HBeAg negative vs HBeAg positive; 23% vs 6.8%, P = 0.02), which implies that preS2 may be more sensitive to the host immune response than preS1[16].

A total of four types of specific mutations in the preS region, i.e., two types in the preS1 region (preS1 start codon deletion[16] and W4P/R mutation[9]) and two types in the preS2 region (preS2 deletion[16] and F141L mutation[15]), were related to disease progression in Korean chronic patients (Table 1). The deletion type of the preS1 start codon, which leads to the deletion of 11 amino acids at the N-terminus of the large surface protein characteristic of genotype D, exhibited a very high prevalence in HCC patients [22.5% (9/40) HCC vs 5.3% (1/38) asymptomatic carriers, P = 0.048][16]. It has been reported that some genotype D strains lead to intracellular retention of surface proteins in mixed infections with genotype A, which could induce hepatic carcinogenesis through activating the ER stress pathway[36]. Although the exact mechanism remains to be elucidated, the possible cause of HCC in the deletions of the preS1 start codon might be similar to the genotype D case described above. This deletion type was also found in two of three Korean HCC patients in a previous report[21], but it has rarely been found in chronic patients from other countries. Therefore, the possibility that the deletion of the preS1 start codon might be prevalent among Korean patients cannot be excluded. Our recent report[10] that the preS1 start deletion was found with a high frequency in Korean patients related to HBV occult infection also strongly supports this hypothesis.

Furthermore, our recent molecular epidemiologic study based on real time PCR introduced novel preS1 substitutions (W4P/R) that were significantly related to severe liver diseases in Korean chronic patients infected with genotype C [HCC and liver cirrhosis (12.4%, 19/153 patients) vs chronic hepatitis and carrier (1.1%, 1/94 patients), P < 0.001], which changes the tryptophan to proline or arginine at the 4th codon from the preS1 start. Surprisingly, all W4P/R mutants (20 patients) were found in male patients only, which implies that the W4P/R mutation may occur predominantly in males[9]. Therefore, our study led to the conclusion that W4P/R may make an important contribution to the disease severity in male chronic patients infected with genotype C. It may also provide a partial explanation as to the relatively high ratio of male to female incidence of HCC generation in Korean chronic patients. To our knowledge, W4P/R is the first mutation of the virus gene associated with gender disparity[9].

Our previous molecular epidemiologic study based on the MboⅡ PCR restriction fragment length polymorphism analysis method proved that two types of preS2 mutations, i.e., the preS2 deletion and F141L mutation, were significantly related to severe forms of liver diseases in Korean chronic patients[15]. Of these two mutations, several lines of evidence have already suggested that the preS2 deletion correlates with more progressive forms of liver disease through affecting the ratio between the small and large envelop proteins, which results in the ER stress associated with the aggravation of liver disease[37]. The relationship of the F141L mutation to disease progression was first introduced by our study. Our data demonstrated that F141L mutations, but not preS2 deletion, are significantly prevalent in HCC patients compared with patients with any other stage of liver disease and even LC patients, which suggests that F141L and preS2 deletion affect different stages in the progression of liver disease[15]. While pre-S2 deletions may have a function in the transition from chronic hepatitis to liver cirrhosis, the F141L mutation have a pivotal function in the progress from liver cirrhosis to HCC. Using a functional study based on the stable cell lines, we proved that large surface proteins with the F141L mutation could contribute to the pathogenesis of HCC through the induction of cell proliferation and transformation[15].

It should also be noted that two types of preS deletion related to disease progression in Korean chronic patients, i.e., the deletion in preS1 start codon and preS2 deletion, were also significantly prevalent in HBV occult subjects compared with chronic patients at the carrier stage[10], which indicates that they may induce a mechanism such as the defect in the secretion of virions or HBsAg leading to ER stress, which can explain both occult infection and disease progression. 

MUTATION FREQUENCY AND PATTERNS IN THE S REGION IN KOREAN CHRONIC PATIENTS

The S gene of HBV contains a dominant neutralizing epitope, termed the “a” determinant, in the major hydrophilic region (MHR) of the S gene, which spans amino acid positions 100-160. The “a” determinant is widely regarded to be located between amino acids 124 and 147 of HBsAg[38]. Mutations in MHR, particularly the “a” determinant, are known to be associated with the generation of vaccine escape variants or persistent infection by reducing the binding affinity between the HBsAg and antibody to the HBsAg[39]. It is important that the prevalence and types of variants of the S gene found in endemic populations should be monitored, because this will affect policy decisions relating to vaccine and diagnostic reagents design[40,41]. When compared with previous results obtained in Japanese patients with genotype C by Ogura et al[42], our previous report demonstrated that there were several distinct epidemiologic traits in the prevalence of S variants in Korean chronic patients. First, an unexpectedly higher prevalence of naturally occurring MHR variants (46.5%, 47/101) was observed in the Korean patients compared with 24% prevalence in Japanese patients. Second, a relatively higher mutation frequency (37.3%, 22/59) and unique mutation patterns were observed in positions outside the “a” determinant region, while most mutations in Japanese patients were concentrated inside the “a” determinant region[20]. These traits observed in Korean patients may result from the exclusive predominance of the genotype C prone to mutations, which could influence the virological aspects of the HBV populations in the region[43]. Furthermore, the possibility of the presence of distinct immune pressures against HBV antigens in Korean patients cannot be excluded, and these could induce the distinct HBV mutation patterns that are not encountered in other areas. Our recent report regarding HBV occult infections demonstrating the presence of several novel HBsAg variants related to occult infections in Korean patients strongly supports this hypothesis[10].

Recently, we introduced a novel mutation type in the outside MHC regions of S gene (sW182*) that resulted in a premature stop at codon 182 in the S gene of genotype C[12]. Our molecular epidemiologic study based on a multi-probe real time PCR proved that the prevalence of sW182* was significantly higher in patients with progressive forms of the disease (HCC and liver cirrhosis) than in patients with less severe forms of the disease (chronic hepatitis and carrier) [31.8% (56/176 patients) vs 17.2% (17/99 patients), P = 0.010][12] (Table 1). Furthermore, an in vitro study based on the stable cell lines stable expressing the S protein with sW182* also strongly supported its relationship with HCC[12]. Interestingly, sW182* has been reported to be the most frequently encountered mutation among occult infections related to HBsAg mutations in Korean patients, which suggests the possibility of its horizontal transfer among the Korean population[10]. Comparison of the clinical data between patients with and without the sW182* mutation demonstrated that the HBV DNA levels of patients with variants were significantly lower than those with wild types, which indicates that there may be mechanisms that lower the DNA level itself. One potential mechanism is that the truncated S protein could interrupt the formation of normal virions, leading to a loss of infectivity and, in turn, DNA levels. The study using the full HBV genomic DNA harboring the sW182* mutation proved that it failed to form normal HBV virions, which also provided a likely explanation as to its prevalence in subjects with HBV occult infections as well as patients with severe types of liver diseases[12].

MUTATION FREQUENCY AND PATTERNS IN THE PREC/C REGION IN KOREAN CHRONIC PATIENTS

The HBV C protein (HBcAg), which is the protein shell of the virus core, is 183 residues long, of which 149 residues of the N-terminal are the assembly domain[44]. HBcAg is the principal target for the host immune response, particularly cytotoxic T lymphocyte attacks, in which non-synonymous mutations may lead to the production of immune escape variants, resulting in the persistence of HBV[45,46]. Moreover, since the mutation of HBcAg can lead to simultaneous mutations in HBeAg, which is a key HBV immune-regulatory protein, and can profoundly affect the natural course of HBV chronic infection[47]. 

Our previous report regarding the mutations in the precore/core (preC/C) region from 70 Korean chronic patients led to several significant results. First, a positive relationship between the preC/C mutation frequency and old age [wild type (36.9) vs mutation (51.9), P = 0.001] was found[11], which indicates that the accumulation of preC/C mutations during the natural course of chronic hepatitis B contributes to the persistent infection of HBV in areas where vertical infection is predominant. Second, the preC/C mutations were found more frequently in immuno-active regions than in immuno-inactive regions (2.2% vs 1.7%, P = 0.016)[11], which implies that the host immune pressure at the T cell level is the significant driving force of the preC/C mutations[48,49]. Notably, a significant higher level of mutation rates in the major histocompatibility complex (MHC) class Ⅱ restricted region (2.3% vs 1.7%, P = 0.009), but not in the MHC class Ⅰ restricted region, was found when compared with the immuno-inactive region, which indicates that former, i.e., the target of the CD4 T helper cell, is more prone to mutations induced by the host immune response than the latter, i.e., the target of the CD8 cytotoxic T cell[11]. Third, five mutations in the C region (C-P5H/L/T, C-E83D, CI97F/L, C-L100I, and C-Q182K/*) and one in the preC (preC-W28*), which is known to be a HCC-related preC mutation at nucleotide 1896 (G→A)[17,50], were found to be related to HCC patients compared with patients in other stages of the disease[11] (Table 1). It should be noted that four of the five HCC-related C mutations, i.e., C-P5H/L/T, C-E83D, C-I97F/L, and C-L100I, were located in the MHC class Ⅱ restricted regions (one at aa 1-20 and three at aa 81-105), which implies that evasion of the CD4 T cell-mediated immune response, primarily through mutations in the “hot spot” region of aa residue 81-105, has a function in the hepatocarcinogenesis of chronic patients infected with genotype C[11]. Of the five HCC-related mutations in the C region, two types (C-L100I and C-Q182K/*) were introduced for the first time in that study[11]. Collectively, our data indicates that the HBV variants in the C region, particularly in the MHC class Ⅱ restricted regions, may contribute to the HCC progress in chronic patients infected with genotype C via immune evasion of the CD4 T cell-mediated immune response. It also implies the presence of a distinct immune pressure at the CD4 T cell level against HBcAg in the Korean population, which results in contributing to the HBV persistent infections via the generation of immune evading HBcAg variants[11].

MUTATION FREQUENCY AND PATTERNS IN THE X REGION IN KOREAN CHRONIC PATIENTS

HBV X protein (HBx) has been the focus of significant attention in recent years because it is strongly implicated in hepatocarcinogenesis. It is a 154-amino acid protein with an N-terminal negative regulatory domain and a C-terminal transactivation domain. The HBx protein is multifunctional and affects gene transcription, signaling pathways, genotoxic stress responses, cell-cycle control, and apoptosis; it also has an essential function in viral replication[51,52]. Several reports have demonstrated that specific point mutations in the HBx gene are related to severe forms of liver disease, such as cirrhosis of the liver and/or HCC[22,53]. In addition, deletions, especially COOH terminal truncations or insertions, have also been frequently detected in tissues and sera samples in HCC patients[14]. 

Our previous report using a cohort of 267 Korean patients demonstrated that the prevalence of deletions or insertions in the X region was significantly higher in patients with severe liver disease, HCC, or cirrhosis of the liver (7.2%, 10/132) compared with patients who were carriers or had chronic hepatitis (1.5%, 2/135) (P = 0.017)[14], which implies that the deletions or insertions in the X region may contribute to disease progression in Korean patients with genotype C infection.

Our other report regarding mutations in the X regions from a cohort of 184 Korean patients demonstrated that a total of five mutation types (V5M/L, P38S, H94Y, I127T/N, and K130M and V131I) affecting the six codons were related to clinical severity[22] (Table 1). Several noteworthy findings regarding these mutations are as follows. First, the V5M/L mutation first discovered during the present study was always significantly more frequent in HCC patients than in other patients, even patients with liver cirrhosis (Table 1) [HCC (50%) vs liver cirrhosis (26.2%), P = 0.024][22], which implies that it has a pivotal function in the progression from liver cirrhosis to HCC. Second, three mutations (H94Y, I127V/I, and K130 and V131) were also related to mutational “hot spots” of the overlapped enhancer II (H94Y: C→T of nt 1653) or BCP (I127T/N:T→V of nt 1753, K130M and V131I: A→T of nt 1762 and G→A of nt 1764). In particular, the double mutations of K130 and V131 overlapped in the BCP mutations were observed with the highest frequency (66.1%, 123/184 patients), which strongly supports the previous result of the very high prevalence of BCP in Korean chronic patients[22]. The recent study using a large cohort of Taiwanese showed that the prevalence of the BCP double mutation was significantly higher in patients infected with HBV genotype C than in those infected with HBV genotype B (43.0% vs 21.4%; P < 0.001)[54]. But, even the prevalence of BCP double mutation in genotype C infected Taiwanese (43.0%) is lower than that in genotype C infected Korean (66.1%).

Third, two types of mutation, i.e., V5M/L [HBeAg negative (40%) vs HBeAg positive (19.1%), P = 0.004] and H94Y [HBeAg negative (30.4%) vs HBeAg positive (22.6%), P = 0.087], were related significantly and nearly significantly to HBeAg negative serostatus, respectively[22]. Fourth, three mutation types, i.e., V5M/L [K130M and V131I (36.6%) vs no mutation (8.2%), P < 0.001], H94Y [K130M and V131I (35%) vs no mutation (6.6%), P < 0.001], and I127T/N [K130M and V131I (31.7%) vs no mutation (11.5%), P = 0.003], were strongly related to the BCP mutations[22]. This implies that the subsequent substitutions in specific codons of the X region following BCP double mutations may have a pivotal function in the progression of liver disease, at least in Korean chronic patients. Our previous report that the deletions of long lengths and amino acid substitutions followed by BCP double mutations[19] might contribute to the diversity of HBV quasispecies strongly supports this hypothesis. 

In summary, our data suggest that an accumulation of mutations in the X region, in particular the subsequent mutations in specific codons following the BCP double mutations, contributes to disease progression in Korean patients with chronic genotype C infections (Figure 1).

CONCLUSION

Several reports regarding HBV mutations from Korean chronic patients have led to the conclusion that the combination of four main factors, i.e., the exclusive predominance of only genotype C2 prone to mutations[8], the predominance of a perinatal infection route providing sufficient time for the generation of variants[55], the high prevalence of BCP double mutations leading to subsequent mutations with high frequency[19,22,50], and the presence of distinct immune responses against HBV in Korean population[11], may lead to the generation of the distinct HBV variants rarely or not encountered in other areas in the course of CHB (Figure 1). The production of HBV variants may contribute to clinical or epidemiologic manifestations that are distinct in Korean chronic patients. First, it could contribute to the progression into severe types of liver disease through persistent infection by evading host immune responses[9-22]. Second, several types of mutation such as sW182* in the S gene[12] and F141L in the preS1[15] could contribute to the HCC generation via enhanced transacting capacity. This provides a potential explanation for the high relapse after antiviral treatments being observed in Korean chronic patients compared with other countries[6]. Finally, it may be responsible for the generation of highly diverse HBV variants related to occult infections that have been observed in Korean patients[10] (Figure 1).

REFERENCES

1
Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337: 1733-1745 [PMID: 9392700 DOI: 10.1056/nejm199712113372406]

2
Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet Infect Dis 2002; 2: 395-403 [PMID: 12127351]

3
Chun BY, Lee MK, Rho YK. The prevalence of hepatitis B surface antigen among Korean by literature review. Korean J Epidemiol 1992; 14: 54-62

4
Korea Centers for Disease Control and Prevention. Report of National Health and Nutrition Examination Survey 2007

5
Korea National Statistical Office. The cause of the death. Available from: URL: http: //www.kostat.go.kr. 2007

6
Song BC, Suh DJ, Lee HC, Chung YH, Lee YS. Hepatitis B e antigen seroconversion after lamivudine therapy is not durable in patients with chronic hepatitis B in Korea. Hepatology 2000; 32: 803-806 [PMID: 11003626 DOI: 10.1053/jhep.2000.16665]

7
Orito E, Mizokami M, Sakugawa H, Michitaka K, Ishikawa K, Ichida T, Okanoue T, Yotsuyanagi H, Iino S. A case-control study for clinical and molecular biological differences between hepatitis B viruses of genotypes B and C. Japan HBV Genotype Research Group. Hepatology 2001; 33: 218-223 [PMID: 11124839 DOI: 10.1053/jhep.2001.20532]

8
Kim H, Jee YM, Song BC, Shin JW, Yang SH, Mun HS, Kim HJ, Oh EJ, Yoon JH, Kim YJ, Lee HS, Hwang ES, Cha CY, Kook YH, Kim BJ. Molecular epidemiology of hepatitis B virus (HBV) genotypes and serotypes in patients with chronic HBV infection in Korea. Intervirology 2007; 50: 52-57 [PMID: 17164558 DOI: 10.1159/000096313]

9
Lee SA, Kim KJ, Kim DW, Kim BJ. Male-Specific W4P/R Mutation in the Pre-S1 Region of Hepatitis B Virus, Increasing the Risk of Progression of Liver Diseases in Chronic Patients. J Clin Microbiol 2013; 51: 3928-3936 [PMID: 24025913]

10
Kim H, Lee SA, Kim DW, Lee SH, Kim BJ. Naturally occurring mutations in large surface genes related to occult infection of hepatitis B virus genotype C. PLoS One 2013; 8: e54486 [PMID: 23349904 DOI: 10.1371/journal.pone.0054486]

11
Kim DW, Lee SA, Hwang ES, Kook YH, Kim BJ. Naturally occurring precore/core region mutations of hepatitis B virus genotype C related to hepatocellular carcinoma. PLoS One 2012; 7: e47372 [PMID: 23071796 DOI: 10.1371/journal.pone.0047372]

12
Lee SA, Kim K, Kim H, Kim BJ. Nucleotide change of codon 182 in the surface gene of hepatitis B virus genotype C leading to truncated surface protein is associated with progression of liver diseases. J Hepatol 2012; 56: 63-69 [PMID: 21827734 DOI: 10.1016/j.jhep.2011.06.028]

13
Lee SA, Cho YK, Lee KH, Hwang ES, Kook YH, Kim BJ. Gender disparity in distribution of the major hydrophilic region variants of hepatitis B virus genotype C according to hepatitis B e antigen serostatus. J Med Virol 2011; 83: 405-411 [PMID: 21264860 DOI: 10.1002/jmv.21988]

14
Lee SA, Mun HS, Kim H, Lee HK, Kim BJ, Hwang ES, Kook YH, Kim BJ. Naturally occurring hepatitis B virus X deletions and insertions among Korean chronic patients. J Med Virol 2011; 83: 65-70 [PMID: 21108340 DOI: 10.1002/jmv.21938]

15
Mun HS, Lee SA, Kim H, Hwang ES, Kook YH, Kim BJ. Novel F141L pre-S2 mutation in hepatitis B virus increases the risk of hepatocellular carcinoma in patients with chronic genotype C infections. J Virol 2011; 85: 123-132 [PMID: 20962085 DOI: 10.1128/jvi.01524-10]

16
Mun HS, Lee SA, Jee Y, Kim H, Park JH, Song BC, Yoon JH, Kim YJ, Lee HS, Hyun JW, Hwang ES, Kook YH, Kim BJ. The prevalence of hepatitis B virus preS deletions occurring naturally in Korean patients infected chronically with genotype C. J Med Virol 2008; 80: 1189-1194 [PMID: 18461612 DOI: 10.1002/jmv.21208]

17
Kim H, Jee Y, Mun HS, Song BC, Park JH, Hyun JW, Hwang ES, Cha CY, Kook YH, Kim BJ. Comparison of full genome sequences between two hepatitis B virus strains with or without preC mutation (A1896) from a single Korean hepatocellular carcinoma patient. J Microbiol Biotechnol 2007; 17: 701-704 [PMID: 18051288]

18
Kim H, Jee Y, Mun HS, Park JH, Yoon JH, Kim YJ, Lee HS, Hyun JW, Hwang ES, Cha CY, Kook YH, Kim BJ. Characterization of two hepatitis B virus populations in a single Korean hepatocellular carcinoma patient with an HBeAg-negative serostatus: a novel X-Gene-deleted strain with inverted duplication sequences of upstream enhancer site II. Intervirology 2007; 50: 273-280 [PMID: 17570929 DOI: 10.1159/000103915]

19
Kim H, Jee YM, Song BC, Hyun JW, Mun HS, Kim HJ, Oh EJ, Yoon JH, Kim YJ, Lee HS, Hwang ES, Cha CY, Kook YH, Kim BJ. Analysis of hepatitis B virus quasispecies distribution in a Korean chronic patient based on the full genome sequences. J Med Virol 2007; 79: 212-219 [PMID: 17245716 DOI: 10.1002/jmv.20789]

20
Song BC, Kim SH, Kim H, Ying YH, Kim HJ, Kim YJ, Yoon JH, Lee HS, Cha CY, Kook YH, Kim BJ. Prevalence of naturally occurring surface antigen variants of hepatitis B virus in Korean patients infected chronically. J Med Virol 2005; 76: 194-202 [PMID: 15834881 DOI: 10.1002/jmv.20354]

21
Song BC, Kim H, Kim SH, Cha CY, Kook YH, Kim BJ. Comparison of full length sequences of hepatitis B virus isolates in hepatocellular carcinoma patients and asymptomatic carriers of Korea. J Med Virol 2005; 75: 13-19 [PMID: 15543574 DOI: 10.1002/jmv.20230]

22
Kim HJ, Park JH, Jee Y, Lee SA, Kim H, Song BC, Yang S, Lee M, Yoon JH, Kim YJ, Lee HS, Hwang ES, Kook YH, Kim BJ. Hepatitis B virus X mutations occurring naturally associated with clinical severity of liver disease among Korean patients with chronic genotype C infection. J Med Virol 2008; 80: 1337-1343 [PMID: 18551606 DOI: 10.1002/jmv.21219]

23
Norder H, Hammas B, Lee SD, Bile K, Couroucé AM, Mushahwar IK, Magnius LO. Genetic relatedness of hepatitis B viral strains of diverse geographical origin and natural variations in the primary structure of the surface antigen. J Gen Virol 1993; 74 ( Pt 7): 1341-1348 [PMID: 8336122]

24
Stuyver L, De Gendt S, Van Geyt C, Zoulim F, Fried M, Schinazi RF, Rossau R. A new genotype of hepatitis B virus: complete genome and phylogenetic relatedness. J Gen Virol 2000; 81: 67-74 [PMID: 10640543]

25
Okamoto H, Tsuda F, Sakugawa H, Sastrosoewignjo RI, Imai M, Miyakawa Y, Mayumi M. Typing hepatitis B virus by homology in nucleotide sequence: comparison of surface antigen subtypes. J Gen Virol 1988; 69 ( Pt 10): 2575-2583 [PMID: 3171552]

26
Orito E, Ichida T, Sakugawa H, Sata M, Horiike N, Hino K, Okita K, Okanoue T, Iino S, Tanaka E, Suzuki K, Watanabe H, Hige S, Mizokami M. Geographic distribution of hepatitis B virus (HBV) genotype in patients with chronic HBV infection in Japan. Hepatology 2001; 34: 590-594 [PMID: 11526547 DOI: 10.1053/jhep.2001.27221]

27
Kidd-Ljunggren K, Miyakawa Y, Kidd AH. Genetic variability in hepatitis B viruses. J Gen Virol 2002; 83: 1267-1280 [PMID: 12029141]

28
Usuda S, Okamoto H, Iwanari H, Baba K, Tsuda F, Miyakawa Y, Mayumi M. Serological detection of hepatitis B virus genotypes by ELISA with monoclonal antibodies to type-specific epitopes in the preS2-region product. J Virol Methods 1999; 80: 97-112 [PMID: 10403681]

29
Kim BJ, Song BC. [Distribution of hepatitis B virus genotypes according to the clinical outcomes in patients with chronic hepatitis B virus infection in Jeju island]. Korean J Gastroenterol 2003; 42: 496-501 [PMID: 14695706]

30
Dyson MR, Murray K. Selection of peptide inhibitors of interactions involved in complex protein assemblies: association of the core and surface antigens of hepatitis B virus. Proc Natl Acad Sci USA 1995; 92: 2194-2198 [PMID: 7892246]

31
Klingmüller U, Schaller H. Hepadnavirus infection requires interaction between the viral pre-S domain and a specific hepatocellular receptor. J Virol 1993; 67: 7414-7422 [PMID: 8230462]

32
Hsieh YH, Su IJ, Wang HC, Chang WW, Lei HY, Lai MD, Chang WT, Huang W. Pre-S mutant surface antigens in chronic hepatitis B virus infection induce oxidative stress and DNA damage. Carcinogenesis 2004; 25: 2023-2032 [PMID: 15180947 DOI: 10.1093/carcin/bgh207]

33
Bock CT, Tillmann HL, Maschek HJ, Manns MP, Trautwein C. A preS mutation isolated from a patient with chronic hepatitis B infection leads to virus retention and misassembly. Gastroenterology 1997; 113: 1976-1982 [PMID: 9394738]

34
Trautwein C, Schrem H, Tillmann HL, Kubicka S, Walker D, Böker KH, Maschek HJ, Pichlmayr R, Manns MP. Hepatitis B virus mutations in the pre-S genome before and after liver transplantation. Hepatology 1996; 24: 482-488 [PMID: 8781311 DOI: 10.1002/hep.510240303]

35
Caselmann WH, Meyer M, Kekulé AS, Lauer U, Hofschneider PH, Koshy R. A trans-activator function is generated by integration of hepatitis B virus preS/S sequences in human hepatocellular carcinoma DNA. Proc Natl Acad Sci USA 1990; 87: 2970-2974 [PMID: 2158099]

36
Jeantet D, Chemin I, Mandrand B, Zoulim F, Trepo C, Kay A. Characterization of two hepatitis B virus populations isolated from a hepatitis B surface antigen-negative patient. Hepatology 2002; 35: 1215-1224 [PMID: 11981772 DOI: 10.1053/jhep.2002.32710]

37
Wang HC, Huang W, Lai MD, Su IJ. Hepatitis B virus pre-S mutants, endoplasmic reticulum stress and hepatocarcinogenesis. Cancer Sci 2006; 97: 683-688 [PMID: 16863502 DOI: 10.1111/j.1349-7006.2006.00235.x]

38
Howard CR. The structure of hepatitis B envelope and molecular variants of hepatitis B virus. J Viral Hepat 1995; 2: 165-170 [PMID: 7489342]

39
Banerjee A, Chandra PK, Datta S, Biswas A, Bhattacharya P, Chakraborty S, Chakrabarti S, Bhattacharya SK, Chakravarty R. Frequency and significance of hepatitis B virus surface gene variant circulating among ‘antiHBc only’ individuals in Eastern India. J Clin Virol 2007; 40: 312-317 [PMID: 17997353 DOI: 10.1016/j.jcv.2007.08.009]

40
Zuckerman AJ. Effect of hepatitis B virus mutants on efficacy of vaccination. Lancet 2000; 355: 1382-1384 [PMID: 10791517 DOI: 10.1016/s0140-6736(00)02132-2]

41
François G, Kew M, Van Damme P, Mphahlele MJ, Meheus A. Mutant hepatitis B viruses: a matter of academic interest only or a problem with far-reaching implications? Vaccine 2001; 19: 3799-3815 [PMID: 11427251]

42
Ogura Y, Kurosaki M, Asahina Y, Enomoto N, Marumo F, Sato C. Prevalence and significance of naturally occurring mutations in the surface and polymerase genes of hepatitis B virus. J Infect Dis 1999; 180: 1444-1451 [PMID: 10515802 DOI: 10.1086/315094]

43
Sugauchi F, Orito E, Ichida T, Kato H, Sakugawa H, Kakumu S, Ishida T, Chutaputti A, Lai CL, Gish RG, Ueda R, Miyakawa Y, Mizokami M. Epidemiologic and virologic characteristics of hepatitis B virus genotype B having the recombination with genotype C. Gastroenterology 2003; 124: 925-932 [PMID: 12671889 DOI: 10.1053/gast.2003.50140]

44
Wingfield PT, Stahl SJ, Williams RW, Steven AC. Hepatitis core antigen produced in Escherichia coli: subunit composition, conformational analysis, and in vitro capsid assembly. Biochemistry 1995; 34: 4919-4932 [PMID: 7711014]

45
Bozkaya H, Ayola B, Lok AS. High rate of mutations in the hepatitis B core gene during the immune clearance phase of chronic hepatitis B virus infection. Hepatology 1996; 24: 32-37 [PMID: 8707278 DOI: 10.1002/hep.510240107]

46
Kim D, Lyoo KS, Smith D, Hur W, Hong SW, Sung PS, Yoon SK, Mehta S. Number of mutations within CTL-defined epitopes of the hepatitis B Virus (HBV) core region is associated with HBV disease progression. J Med Virol 2011; 83: 2082-2087 [PMID: 22012714 DOI: 10.1002/jmv.22226]

47
Seeger C, Mason WS. Hepatitis B virus biology. Microbiol Mol Biol Rev 2000; 64: 51-68 [PMID: 10704474]

48
Thimme R, Chang KM, Pemberton J, Sette A, Chisari FV. Degenerate immunogenicity of an HLA-A2-restricted hepatitis B virus nucleocapsid cytotoxic T-lymphocyte epitope that is also presented by HLA-B51. J Virol 2001; 75: 3984-3987 [PMID: 11264388 DOI: 10.1128/jvi.75.8.3984-3987.2001]

49
Milich DR, McLachlan A. The nucleocapsid of hepatitis B virus is both a T-cell-independent and a T-cell-dependent antigen. Science 1986; 234: 1398-1401 [PMID: 3491425]

50
Yoo BC, Park JW, Kim HJ, Lee DH, Cha YJ, Park SM. Precore and core promoter mutations of hepatitis B virus and hepatitis B e antigen-negative chronic hepatitis B in Korea. J Hepatol 2003; 38: 98-103 [PMID: 12480566]

51
Murakami S. Hepatitis B virus X protein: a multifunctional viral regulator. J Gastroenterol 2001; 36: 651-660 [PMID: 11686474]

52
Tang H, Oishi N, Kaneko S, Murakami S. Molecular functions and biological roles of hepatitis B virus x protein. Cancer Sci 2006; 97: 977-983 [PMID: 16984372 DOI: 10.1111/j.1349-7006.2006.00299.x]

53
Brunetto MR, Rodriguez UA, Bonino F. Hepatitis B virus mutants. Intervirology 1999; 42: 69-80 [PMID: 10516463]

54
Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, Wang LY, Lu SN, You SL, Chen DS, Liaw YF, Chen CJ. Associations between hepatitis B virus genotype and mutants and the risk of hepatocellular carcinoma. J Natl Cancer Inst 2008; 100: 1134-1143 [PMID: 18695135 DOI: 10.1093/jnci/djn243]

55
Lee DH, Kim JH, Nam JJ, Kim HR, Shin HR. Epidemiological findings of hepatitis B infection based on 1998 National Health and Nutrition Survey in Korea. J Korean Med Sci 2002; 17: 457-462 [PMID: 12172038]

P- Reviewers: Frider B, Kaya M, Tziomalos K    S- Editor: Gou SX    L- Editor: A    E- Editor: Wu HL

FIGURE LEGENDS

[image: image1.png]/
4 major factor
in korean

chronic p

patients_/

N
/(3

High prevalence of HBV variants with BCP double mutations

nce of distinct immune pressure against HBV proteins

The generation of distinct HBY variants or diverse quasispeci
in chronic patients during the natural course of CHB

The progression into

severe liver dis
persistent infection

High relapse after antiviral
treatment

Distinct clinical or
epidemiologic traits
in Korean patients

generation via
enhanced transacting

capacity

Emergence of divers
occult infection related
variants





Figure 1  The 4 major factors in Korean chronic patients leading to distinct clinical or epidemiologic traits for hepatitis B virus. Combinatorial effect of 4 major factors (1) exclusive predominance of genotype C2; (2) high prevalence of perinatal infection; (3) high prevalence of basic core promoter mutations; and (4) the presence of distinct immune pressure) could generate distinct hepatitis B virus (HBV) variants or diverse quasispecies during the natural course of chronic hepatitis B, resultantly leading to distinct clinical or epidemiological traits in Korean chronic patients. HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.
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Table 1  Mutations in 4 hepatitis B virus regions related to the progression of liver diseases in Korean chronic patients


  Region�
�
Mutations related to severe liver diseases�
P value�
Ref.�
�
  PreC/C�
PreC�
W28* [HCC 12/35 (34.3%) vs LC+ CH + C 5/35 (14.3%)]�
0.093�
Kim et al[11]�
�
�
C�
P5H/L/T [HCC 5/35 (14.3%) vs LC + CH + C 0/35 (0%)]�
0.020�
Kim et al[11]�
�
�
�
E83D [HCC 4/35 (11.4%) vs LC + CH + C 0/35 (0%)]�
0.039�
Kim et al[11]�
�
�
�
I97F/L [HCC 13/35 (37.1%) vs LC + CH + C 4/35 (11.4%)]�
0.024�
Kim et al[11]�
�
�
�
L100I [HCC 6/35 (17.1%) vs LC + CH + C 1/35 (2.9%)]�
0.046�
Kim et al[11]�
�
�
�
Q182K/* [HCC 4/35 (11.4%) vs LC + CH + C 0/35 (0%)]�
0.039�
Kim et al[11]�
�
  PreS�
preS1�
W4P/R [HCC 13/96 (13.5%) vs CH 0/32 (13.2%)]�
0.028�
           Lee et al[9]�
�
�
�
PreS1 start deletion [HCC 9/40 (22.5%) vs C 1/38 (2.6%)]�
0.048�
Mun et al[16]�
�
�
preS2�
F141L [HCC 26/99 (26.3%) vs LC 2/52 (3.8%)]�
0.001�
Mun et al[15]�
�
�
�
PreS2 deletion [HCC 35/99 (35.4%) vs CH 6/45 (13.3%)]�
0.020�
Mun et al[15]�
�
  S�
S�
W182* [HCC + LC 56/176 (31.8%) vs CH + C 17/99 (17.2%)]�
0.010�
           Lee et al[12]�
�
  X�
X�
V5M/L [HCC 30/60 (50.0%) vs LC 11/42 (26.2%)]�
0.024�
Kim et al[22]�
�
�
�
P38S [HCC 13/60 (21.7%) vs C 2/41 (4.9%)]�
0.023�
Kim et al[22]�
�
�
�
H94Y [HCC 24/60 (40.0%) vs C 2/41 (4.9%)]�
        < 0.001�
Kim et al[22]�
�
�
�
I127T/N [HCC 22/60 (36.7%) vs CH 6/41 (14.6%)]�
0.023�
Kim et al[22]�
�
�
�
KV130MI [HCC 52/60 (86.7%) vs CH 25/41 (61.0%)]�
0.004�
Kim et al[22]�
�
HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; CH: Chronic hepatitis; C: Carrier.








