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Abstract

Several factors influence the clinical course of hepatitis B (HBV) and hepatitis C (HCV) virus infection. The human leukocyte antigen (HLA) system, the major histocompatibility complex (MHC) in humans, has been considered one of the most important host factors with respect to outcomes. To date, conventional genotyping studies have shown that HLA class II loci are mainly associated with spontaneous clearance of HBV and HCV. However, the specific HLA locus associated with the outcomes of hepatitis virus infection remains unclear. A recent genome-wide association study (GWAS) using a comprehensive approach for human genotyping demonstrated single nucleotide polymorphisms (SNPs) associated with the outcomes of hepatitis virus infection. Examination of large numbers of cohorts revealed that several SNPs in both HLA-DPA1 and HLA-DPB1 loci are associated with persistent HBV infection in Asian populations. To date, however, few studies have focused on HLA-DP because polymorphisms of HLA-DP haplotype do not vary greatly as compared with other loci of HLA. It is not engouh studies to reveal a function of HLA-DP. GWAS additionally detected candidate SNPs within HLA loci associated with chronic HBV or HCV hepatitis, hepatic fibrosis, and the development of hepatocellular carcinoma. The results of one cohort were not always consistent with those of other cohorts. To solve several controversial issues, it is necessary to validate reported SNPs on HLA loci in global populations and to elucidate the HLA-allele-regulated molecular response to hepatitis virus infection.
© 2013 Baishideng. All rights reserved. 
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Core tip: The conventional genotyping studies have shown that human leukocyte antigen (HLA) typing was one of the most important host factors with respect to outcomes of hepatitis B and C virus infections. However, the specific HLA locus associated with the outcomes remains unclear. Recently a genome-wide association study for human genotyping demonstrated single nucleotide polymorphisms associated with the outcomes of hepatitis virus infection. Now it has been confirmed that several single nucleotide polymorphisms in both HLA-DP loci were associated with persistent hepatitis B virus infection in Asian populations.
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INTRODUCTION 

The human leukocyte antigen (HLA) system, the major histocompatibility complex (MHC) in humans, has long been considered the most important region in the human genome with respect to infection, inflammation, autoimmunity, and transplantation medicine[1,2]. In humans, HLA complex consists of more than 200 genes located close together on chromosome 6. Genes in this complex are categorized into three basic groups: class I (HLA-A, -B, and -C), class II (HLA-DR, -DQ, and -DP), and class III (some genes involved in inflammation and other immune-system activities). Interactions among HLA-restricted T lymphocytes, B lymphocytes, natural killer (NK) cells, and cytokines influence immune response to viral infection. HLA class I and II molecules are expressed as cell surface antigens that bind to peptide epitopes on CD8+ T cells and CD4+ T cells, respectively. Effective presentation of viral antigens by the HLA system induces good immune response. 

It is well known that some patients infected with hepatitis B (HBV) or hepatitis C (HCV) virus spontaneously recover and can escape from persistent infection[3-5]. Progression of liver diseases by chronic viral infection also differs among patients. In addition, the response to HBV vaccination is different in each person. To identify immune systems against invaders in individual patients, HLA haplotypes related to persistent viral infection or providing protection against such infection have been examined. Singh et al. reported a detailed review about associations of HLA types with HBV and HCV infections among global populations[6]. They speculated that there was a limited chance of detecting globally common HLA types related to outcomes or disease progression associated with hepatitis viral infection because HLA loci are diverse owing to racial admixture, environmental and selection pressure, and inherent polymorphic nature, leading to allelic variations among different ethnic groups. 

Recent genome-wide association studies (GWAS) have demonstrated single nucleotide polymorphisms (SNPs) associated with the outcomes of hepatitis virus infection[7-14]. Imputation-based association analysis showed that some of the SNPs are located near HLA loci in chromosome 6p21[7,8,15]. Conventional genotyping and GWAS are different approaches for analysis. Conventional genotyping examines selected targeted genes, while GWAS can comprehensively examine hundreds of thousands of SNPs[16]. Although both approaches have suggested that HLA loci play important roles in the outcomes of viral hepatitis, the precise regions of HLA loci detected by each approach differed. In the present review, we summarize and compare the latest data obtained by GWAS with previous data obtained by conventional HLA typing. 

Association between hepatitis viral infection and HLA alleles identified by genotyping 
Singh et al[6] suggested that an association of HLA DR*13 alleles in HLA Class II was protective in both HBV and HCV infections in several populations. HLA DRB1*11 and HLA DQB1*0301 were protective in HCV infection, but were associated with persistent HBV infection. 

A recent meta-analysis showed that HLA-DR*03 and HLA-DR*07 were associated with an increased risk of persistent HBV infection in 19 individual case-control studies including 9 Han Chinese cohorts, 3 Korean cohorts, 2 Iranian cohorts, and 1 cohort each of Caucasian, Gambian, Taiwanese, Thai, and Turkish subjects[17]. In contrast, HLA-DR*04 and HLA-DR*13 were associated with clearance of HBV infection. In Chinese Han populations, HLA-DR*01 was associated with clearance of HBV infection, while in other ethnic groups there was no association between HLA-DR*01 and HBV infection. 

As for HCV infection, a study performed in patients from the United Kingdom and the United States reported that the inhibitory NK cell receptor KIR2DL3 and HLA-C1 ligand, HLA class I interact directly to promote spontaneous viral clearance[18]. In global populations, HLA class II, especially several alleles in HLA-DRB1, has been linked to persistent HCV infection[19,20]. Interestingly, Spanish and American groups reported an association between MICA genotypes in HLA class III and clearance of HCV[21,22]. 

Association between hepatitis viral infection and SNPs in HLA locus identified by GWAS 
A recent GWAS discovered many SNP candidates associated with common diseases[16]. In research on viral hepatitis, several SNPs associated with outcomes, including the HLA coding region of chromosome 6p21.3, were detected by GWAS.
HBV infection 

Kamatani et al[7] reported the results of a case-control association study of HBV infection in 2009. They showed that rs3077 SNP near HLA-DPA1 gene and rs9277535 SNP near HLA-DPB1 were associated with persistent HBV infection in Japanese cohorts. In addition, HLA haplotype analysis showed that HLA-DPA1*0202-DPB1*0501 and HLA-DPA1*0202-DPB1*0301 were risk types for persistent HBV infection, and HLA-DPA1*0103-DPB1*0402 and HLA-DPA1*0103-DPB1*0401 were protective types for HBV infection. The same group performed a second GWAS analysis involving a larger number of cohorts[8]. The study validated that rs3077 SNP near HLA-DPA1 gene and rs9277535 SNP near HLA-DPB1 were strongly associated with persistent HBV infection. Other SNPs, rs2856718 and rs7453920 within HLA-DQ locus, were also associated with persistent HBV infection. Moreover, HLA haplotype analysis indicated that HLA-DQA1*0102-DQB1*0303 and HLA-DQA1*0301-DQB1*0601 were risk types for persistent HBV infection, while HLA-DQA1*0102-DQB1*0604 and HLA-DQA1*0101-DQB1*0501 were protective types for HBV infection. GWAS of Han Chinese populations also showed that the HLA-DPA1 and HLA-DPB1 genes were related to persistent HBV infection. The first study from China indicated that 4 SNPs related to HLA-DPA1 gene, including rs3077, and 7 SNPs related to HLA-DPB1, including rs9277535, were associated with chronic HBV infection[9]. Another study showed that rs7453920 and rs2856718 SNPs near HLA-DQ were associated with persistent HBV infection in addition to the rs3077 and rs9277535 SNPs[10] (Table 1). 
A recent report from another Japanese group showed that rs3077 SNP near HLA-DPA1 gene and rs9277542 SNP near HLA-DPB1 gene were associated with persistent HBV infection [12]. Studies using genotyping methods validated that the rs3077 and rs2395309 SNPs near HLA-DPA1 gene and the rs9277542 SNP near HLA-DPB1 were associated with HBV infection in Han Chinese populations[23-25]. 

GWAS revealed three independent variants within HLA complex that were related to a poor response to HB vaccine in the Indonesian population. Specifically, rs3135363 SNP near HLA-DR, rs9277542 SNP near HLA-DPB1, and rs9267665 in HLA class III were associated with antibody titers after HB vaccination[10]. 

A comparison between cohorts with and without hepatocellular carcinoma (HCC) showed that rs9272105 SNP near HLA-DQA1/DRB1 and rs455804 SNP near GRIK1 were significantly associated with HCC development in Chinese patients with HBV[11]. There was a partial association of the genotype of rs9272105 to HLA-DRB1*0405 and *0901. Another study showed that rs2856718 SNP at HLA-DQ and rs3077 SNP at HLA-DPA1 had a protective effect against HCC progression as compared with the dominant SNP of rs2856718 in Han Chinese populations[13]. In 2013, it was reported that rs9275319 at HLA-DQ and rs7574865 at STAT4 were independently associated with the risk of HCC in Han Chinese populations[14]. There was a moderate association of the genotype of rs9275319 SNPs with HLA-DQB1*0401 and HLA-DQA1*0303. On the other hand, there was no significant association between HCC development by HBV infection and HLA alleles in Korean or Japanese populations[26]. It thus remains unclear whether specific HLA loci play important roles in hepatocarcinogenesis in patients with HBV. 
HCV infection
It is globally recognized that interleukin-28B gene polymorphisms originally detected by GWAS are associated with spontaneous clearance of HCV, as well as with the response to combination therapy with pegylated interferon and ribavirin in patients with HCV[27,28]. However, this SNP is not located in HLA loci. A recent study identified rs4273729 SNP near HLA DQB1*0301 as a candidate allele for spontaneous clearance of HCV in populations with European and African ancestry[29]. HLA DQB1*0301 and IL28B are independently associated with spontaneous resolution of HCV infection. 

Comparisons between cohorts with and without HCC showed that rs2596542 SNP at the 5´ flanking region of MICA in HLA class III was significantly associated with HCC development in Japanese patients with HCV [30]. Soluble MICA levels in serum were significantly lower in AA genotype of rs2596542 and were associated with a high risk of HCC progression. The same group identified 2 SNPs in the MHC region that were associated with progression from chronic hepatitis to cirrhosis. These SNPs were located at rs910049 and rs3135363 on chromosome 6p21.3[31]. Imputation-based association analysis showed that HLA-DQA1*0601 and HLA-DPB1*0405 were associated with progression of cirrhosis (Table 2). 

FUTURE DIRECTIONS 

Ongoing association studies are evaluating the effects of genetic variations on the outcomes of hepatitis virus infection in large groups of patients. However, most SNPs identified by association studies did not link to phenotype, and many other SNPs remained untyped. Imputation-based association analysis exploits information on patterns of multi-marker correlation (“linkage disequilibrium”) from publically available databases to estimate (“impute”) patient genotypes associated with identified SNPs and thereby assess the relations of such genotypes to phenotypes [32,33]. Owing to this method, the relations between SNPs and HLA haplotypes associated with the outcomes of HBV or HCV infection are becoming clearer. 

In HBV infection, conventional genotyping showed that HLA class II, DR and DQ haplotypes were the most important regions of host genetic factors for outcomes. However, GWAS showed that rs3077 SNP near HLA-DPA1 gene and rs9277535 SNP near HLA-DPB1 gene were associated with persistent HBV infection in Asian populations[7,9,12,13]. HLA-DPA1 and DPB1 have also been associated with responsiveness to HB vaccination[10,34,35]. To date, however, few studies have focused on HLA-DP because polymorphisms of HLA-DP haplotype do not vary greatly as compared with other loci of HLA[36]. The structures of HLA-DP and HLA-DP molecules are similar to those of other HLA class II molecules. Therefore, similar to the functions of other HLA class II molecules, HLA-DP and HLA-DP molecules might affect the ability of HLA class II molecules to present antigens to CD4-positive helper T cells and result in immune response to HBV. Recently, HLA-DPA1 and HLA-DPB1 mRNA expressions in normal liver were respectively associated with SNP types rs3077 and rs9277535 in European populations. The mRNA expressions of HLA-DPA1 and HLA-DPB1 were low in genotypes rs3077-G and 9277535-G, which were associated with a high risk of persistent HBV infection [37]. However, another study in European- and African-Americans showed that rs9277534 of the HLA-DPB1 allele (496-A/G) was a novel variant associated with persistent HBV infection [38]. In contrast to the former study, the 496-GG genotype was associated with both higher mRNA expression of HLA-DP and persistent HBV infection. 

Inconsistent results have been obtained for the association between HLA alleles and HCC in patients with HBV infection. In Han Chinese populations, several SNPs in HLA class II have been associated with progression of HCC. However, no common SNP was confirmed by independent researchers. In addition, SNPs in chromosomes 1p36.22, 2q32.2, and 21q21.3, were also associated with HBV-related HCC[39]. Further examinations are definitely required to elucidate the role of HLA loci on the progression of HCC in patients with HBV. 

GWAS indicated that HLA loci are related to important host factors involved in several aspects of HCV infection. First, HLA DQB1*0301 was reported to be independently associated with spontaneous clearance of HCV infection. Previous HLA haplotype analysis showed that HLA DQB1*0301 was associated with HCV clearance in French females, African-Americans, and Italian populations[40-42]. Thus, GWAS confirmed the results of previous results. However, the mechanism by which such alleles affect HCV clearance remains undetermined. 

In the Japanese population, rs4273729 SNP near HLA DQB1*0301 and MICA SNP in- HLA class III were respectively associated with progression of hepatitis to cirrhosis [31] and HCC[30] in patients with HCV. This is attractive information for the prediction of clinical course, but several issues remain to be defined. First, HCC most frequently develops in cirrhotic patients infected with HCV. It is not known why different SNPs are identified in continuous pathological conditions such as HCC and hepatic cirrhosis in patients with HCV. Next, an intronic SNP in the DEPDC-5 gene, without an HLA locus, was also associated with HCC development in the Japanese population[43]. In European populations, several SNPs without HLA loci were associated with the progression of hepatic fibrosis[44]. The progression of chronic hepatitis C has been confirmed to depend on multiple factors, including age, gender, infection period, obesity, alcohol intake, and treatment[45]. It is suspected that the effects of HLA loci on fibrosis progression or the development of HCC (or both) differ in the each population studied. 

In conclusion, genome association analysis of large numbers of cohorts indicated that HLA loci are one of the most important host determinants of the clinical characteristics of HBV and HBC infections, acting in conjunction with factors such as viral load, viral genotype, age, alcohol intake, and hepatic fibrosis. However, it is necessary to validate reported SNPs on HLA loci in global populations and to elucidate HLA-allele-regulated molecular responses to hepatitis virus infection. 

References

1 Lechler R, Warrens A. HLA in health and disease. Academic, 2000
2 Shiina T, Hosomichi K, Inoko H, Kulski JK. The HLA genomic loci map: expression, interaction, diversity and disease. J Hum Genet 2009; 54: 15-39 [PMID: 19158813 DOI: 10.1038/jhg.2008.5]

3 Yim HJ, Lok AS. Natural history of chronic hepatitis B virus infection: what we knew in 1981 and what we know in 2005. Hepatology 2006; 43: S173-S181 [PMID: 16447285]

4 Ni YH. Natural history of hepatitis B virus infection: pediatric perspective. J Gastroenterol 2011; 46: 1-8 [PMID: 20812021 DOI: 10. 1007/s00535-010-0304-7]

5 Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002; 36: S35-S46 [PMID: 12407575]

6 Singh R, Kaul R, Kaul A, Khan K. A comparative review of HLA associations with hepatitis B and C viral infections across global populations. World J Gastroenterol 2007; 13: 1770-1787 [PMID: 17465466]

7 Kamatani Y, Wattanapokayakit S, Ochi H, Kawaguchi T, Takahashi A, Hosono N, Kubo M, Tsunoda T, Kamatani N, Kumada H, Puseenam A, Sura T, Daigo Y, Chayama K, Chantratita W, Nakamura Y, Matsuda K. A genome-wide association study identifies variants in the HLA-DP locus associated with chronic hepatitis B in Asians. Nat Genet 2009; 41: 591-595 [PMID: 19349983 DOI: 10.1038/ng.348]

8 Mbarek H, Ochi H, Urabe Y, Kumar V, Kubo M, Hosono N, Takahashi A, Kamatani Y, Miki D, Abe H, Tsunoda T, Kamatani N, Chayama K, Nakamura Y, Matsuda K. A genome-wide association study of chronic hepatitis B identified novel risk locus in a Japanese population. Hum Mol Genet 2011; 20: 3884-3892 [PMID: 21750111 DOI: 10.1093/hmg/ddr301]

9 Guo X, Zhang Y, Li J, Ma J, Wei Z, Tan W, O'Brien SJ. Strong influence of human leukocyte antigen (HLA)-DP gene variants on development of persistent chronic hepatitis B virus carriers in the Han Chinese population. Hepatology 2011; 53: 422-428 [PMID: 21274863 DOI: 10.1002/hep.24048]

10 Png E, Thalamuthu A, Ong RT, Snippe H, Boland GJ, Seielstad M. A genome-wide association study of hepatitis B vaccine response in an Indonesian population reveals multiple independent risk variants in the HLA region. Hum Mol Genet 2011; 20: 3893-3898 [PMID: 21764829 DOI: 10.1093/hmg/ddr302]

11 Li S, Qian J, Yang Y, Zhao W, Dai J, Bei JX, Foo JN, McLaren PJ, Li Z, Yang J, Shen F, Liu L, Yang J, Li S, Pan S, Wang Y, Li W, Zhai X, Zhou B, Shi L, Chen X, Chu M, Yan Y, Wang J, Cheng S, Shen J, Jia W, Liu J, Yang J, Wen Z, Li A, Zhang Y, Zhang G, Luo X, Qin H, Chen M, Wang H, Jin L, Lin D, Shen H, He L, de Bakker PI, Wang H, Zeng YX, Wu M, Hu Z, Shi Y, Liu J, Zhou W. GWAS identifies novel susceptibility loci on 6p21.32 and 21q21.3 for hepatocellular carcinoma in chronic hepatitis B virus carriers. PLoS Genet 2012; 8: e1002791 [PMID: 22807686 DOI: 10.1371/journal.pgen.1002791]

12 Nishida N, Sawai H, Matsuura K, Sugiyama M, Ahn SH, Park JY, Hige S, Kang JH, Suzuki K, Kurosaki M, Asahina Y, Mochida S, Watanabe M, Tanaka E, Honda M, Kaneko S, Orito E, Itoh Y, Mita E, Tamori A, Murawaki Y, Hiasa Y, Sakaida I, Korenaga M, Hino K, Ide T, Kawashima M, Mawatari Y, Sageshima M, Ogasawara Y, Koike A, Izumi N, Han KH, Tanaka Y, Tokunaga K, Mizokami M. Genome-wide association study confirming association of HLA-DP with protection against chronic hepatitis B and viral clearance in Japanese and Korean. PLoS One 2012; 7: e39175 [PMID: 22737229 DOI: 10.1371/journal.pone.0039175]

13 Hu L, Zhai X, Liu J, Chu M, Pan S, Jiang J, Zhang Y, Wang H, Chen J, Shen H, Hu Z. Genetic variants in human leukocyte antigen/DP-DQ influence both hepatitis B virus clearance and hepatocellular carcinoma development. Hepatology 2012; 55: 1426-1431 [PMID: 22105689 DOI: 10.1002/hep.24799]

14 Jiang DK, Sun J, Cao G, Liu Y, Lin D, Gao YZ, Ren WH, Long XD, Zhang H, Ma XP, Wang Z, Jiang W, Chen TY, Gao Y, Sun LD, Long JR, Huang HX, Wang D, Yu H, Zhang P, Tang LS, Peng B, Cai H, Liu TT, Zhou P, Liu F, Lin X, Tao S, Wan B, Sai-Yin HX, Qin LX, Yin J, Liu L, Wu C, Pei Y, Zhou YF, Zhai Y, Lu PX, Tan A, Zuo XB, Fan J, Chang J, Gu X, Wang NJ, Li Y, Liu YK, Zhai K, Zhang H, Hu Z, Liu J, Yi Q, Xiang Y, Shi R, Ding Q, Zheng W, Shu XO, Mo Z, Shugart YY, Zhang XJ, Zhou G, Shen H, Zheng SL, Xu J, Yu L. Genetic variants in STAT4 and HLA-DQ genes confer risk of hepatitis B virus-related hepatocellular carcinoma. Nat Genet 2013; 45: 72-75 [PMID: 23242368 DOI: 10.1038/ng.2483]

15 Servin B, Stephens M. Imputation-based analysis of association studies: candidate regions and quantitative traits. PLoS Genet 2007; 3: e114 [PMID: 17676998]

16 Manolio TA. Genomewide association studies and assessment of the risk of disease. N Engl J Med 2010; 363: 166-176 [PMID: 20647212 DOI: 10.1056/NEJMra0905980]

17 Yan ZH, Fan Y, Wang XH, Mao Q, Deng GH, Wang YM. Relationship between HLA-DR gene polymorphisms and outcomes of hepatitis B viral infections: a meta-analysis. World J Gastroenterol 2012; 18: 3119-3128 [PMID: 22791948 DOI: 10.3748/wjg.v18.i24.3119]

18 Khakoo SI, Thio CL, Martin MP, Brooks CR, Gao X, Astemborski J, Cheng J, Goedert JJ, Vlahov D, Hilgartner M, Cox S, Little AM, Alexander GJ, Cramp ME, O'Brien SJ, Rosenberg WM, Thomas DL, Carrington M. HLA and NK cell inhibitory receptor genes in resolving hepatitis C virus infection. Science 2004; 305: 872-874 [PMID: 15297676]

19 Yee LJ. Host genetic determinants in hepatitis C virus infection. Genes Immun 2004; 5: 237-245 [PMID: 15103322]

20 Hong X, Yu RB, Sun NX, Wang B, Xu YC, Wu GL. Human leukocyte antigen class II DQB1*0301, DRB1*1101 alleles and spontaneous clearance of hepatitis C virus infection: a meta-analysis. World J Gastroenterol 2005; 11: 7302-7307 [PMID: 16437632]
21 López-Vázquez A, Rodrigo L, Miña-Blanco A, Martínez-Borra J, Fuentes D, Rodríguez M, Pérez R, González S, López-Larrea C. Extended human leukocyte antigen haplotype EH18.1 influences progression to hepatocellular carcinoma in patients with hepatitis C virus infection. J Infect Dis 2004; 189: 957-963 [PMID: 14999597]

22 Karacki PS, Gao X, Thio CL, Thomas DL, Goedert JJ, Vlahov D, Kaslow RA, Strathdee S, Hilgartner MW, O'Brien SJ, Carrington M. MICA and recovery from hepatitis C virus and hepatitis B virus infections. Genes Immun 2004; 5: 261-266 [PMID: 15029237]

23 An P, Winkler C, Guan L, O'Brien SJ, Zeng Z. A common HLA-DPA1 variant is a major determinant of hepatitis B virus clearance in Han Chinese. J Infect Dis 2011; 203: 943-947 [PMID: 21402545 DOI: 10.1093/infdis/jiq154]

24 Wang L, Wu XP, Zhang W, Zhu DH, Wang Y, Li YP, Tian Y, Li RC, Li Z, Zhu X, Li JH, Cai J, Liu L, Miao XP, Liu Y, Li H. Evaluation of genetic susceptibility loci for chronic hepatitis B in Chinese: two independent case-control studies. PLoS One 2011; 6: e17608 [PMID: 21408128 DOI: 10.1371/journal.pone.0017608]

25 Li J, Yang D, He Y, Wang M, Wen Z, Liu L, Yao J, Matsuda K, Nakamura Y, Yu J, Jiang X, Sun S, Liu Q, Jiang X, Song Q, Chen M, Yang H, Tang F, Hu X, Wang J, Chang Y, He X, Chen Y, Lin J. Associations of HLA-DP variants with hepatitis B virus infection in southern and northern Han Chinese populations: a multicenter case-control study. PLoS One 2011; 6: e24221 [PMID: 21904616]

26 Sawai H, Nishida N, Mbarek H, Matsuda K, Mawatari Y, Yamaoka M, Hige S, Kang JH, Abe K, Mochida S, Watanabe M, Kurosaki M, Asahina Y, Izumi N, Honda M, Kaneko S, Tanaka E, Matsuura K, Itoh Y, Mita E, Korenaga M, Hino K, Murawaki Y, Hiasa Y, Ide T, Ito K, Sugiyama M, Ahn SH, Han KH, Park JY, Yuen MF, Nakamura Y, Tanaka Y, Mizokami M, Tokunaga K. No association for Chinese HBV-related hepatocellular carcinoma susceptibility SNP in other East Asian populations. BMC Med Genet 2012; 13: 47 [PMID: 22712471 DOI: 10.1186/1471-2350-13-47]

27 Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto N, Nakagawa M, Korenaga M, Hino K, Hige S, Ito Y, Mita E, Tanaka E, Mochida S, Murawaki Y, Honda M, Sakai A, Hiasa Y, Nishiguchi S, Koike A, Sakaida I, Imamura M, Ito K, Yano K, Masaki N, Sugauchi F, Izumi N, Tokunaga K, Mizokami M. Genome-wide association of IL28B with response to pegylated interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat Genet 2009; 41: 1105-1109 [PMID: 19749757 DOI: 10.1038/ng.449]

28 Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O'Huigin C, Kidd J, Kidd K, Khakoo SI, Alexander G, Goedert JJ, Kirk GD, Donfield SM, Rosen HR, Tobler LH, Busch MP, McHutchison JG, Goldstein DB, Carrington M. Genetic variation in IL28B and spontaneous clearance of hepatitis C virus. Nature 2009; 461: 798-801 [PMID: 19759533 DOI: 10.1038/nature08463]

29 Duggal P, Thio CL, Wojcik GL, Goedert JJ, Mangia A, Latanich R, Kim AY, Lauer GM, Chung RT, Peters MG, Kirk GD, Mehta SH, Cox AL, Khakoo SI, Alric L, Cramp ME, Donfield SM, Edlin BR, Tobler LH, Busch MP, Alexander G, Rosen HR, Gao X, Abdel-Hamid M, Apps R, Carrington M, Thomas DL. Genome-wide association study of spontaneous resolution of hepatitis C virus infection: data from multiple cohorts. Ann Intern Med 2013; 158: 235-245 [PMID: 23420232 DOI: 10.7326/0003-4819-158-4-201302190-00003]

30 Kumar V, Kato N, Urabe Y, Takahashi A, Muroyama R, Hosono N, Otsuka M, Tateishi R, Omata M, Nakagawa H, Koike K, Kamatani N, Kubo M, Nakamura Y, Matsuda K. Genome-wide association study identifies a susceptibility locus for HCV-induced hepatocellular carcinoma. Nat Genet 2011; 43: 455-458 [PMID: 21499248 DOI: 10.1038/ng.809]

31 Urabe Y, Ochi H, Kato N, Kumar V, Takahashi A, Muroyama R, Hosono N, Otsuka M, Tateishi R, Lo PH, Tanikawa C, Omata M, Koike K, Miki D, Abe H, Kamatani N, Toyota J, Kumada H, Kubo M, Chayama K, Nakamura Y, Matsuda K. A genome-wide association study of HCV-induced liver cirrhosis in the Japanese population identifies novel susceptibility loci at the MHC region. J Hepatol 2013; 58: 875-882 [PMID: 23321320 DOI: 10.1016/j.jhep.2012.12.024]

32 de Bakker PI, McVean G, Sabeti PC, Miretti MM, Green T, Marchini J, Ke X, Monsuur AJ, Whittaker P, Delgado M, Morrison J, Richardson A, Walsh EC, Gao X, Galver L, Hart J, Hafler DA, Pericak-Vance M, Todd JA, Daly MJ, Trowsdale J, Wijmenga C, Vyse TJ, Beck S, Murray SS, Carrington M, Gregory S, Deloukas P, Rioux JD. A high-resolution HLA and SNP haplotype map for disease association studies in the extended human MHC. Nat Genet 2006; 38: 1166-1172 [PMID: 16998491]

33 Abecasis GR, Altshuler D, Auton A, Brooks LD, Durbin RM, Gibbs RA, Hurles ME, McVean GA. A map of human genome variation from population-scale sequencing. Nature 2010; 467: 1061-1073 [PMID: 20981092 DOI: 10.1038/nature09534]

34 Mineta M, Tanimura M, Tana T, Yssel H, Kashiwagi S, Sasazuki T. Contribution of HLA class I and class II alleles to the regulation of antibody production to hepatitis B surface antigen in humans. Int Immunol 1996; 8: 525-531 [PMID: 8671639]

35 Desombere I, Gijbels Y, Verwulgen A, Leroux-Roels G. Characterization of the T cell recognition of hepatitis B surface antigen (HBsAg) by good and poor responders to hepatitis B vaccines. Clin Exp Immunol 2000; 122: 390-399 [PMID: 11122245]

36 Askar M, Daghstani J, Thomas D, Leahy N, Dunn P, Claas F, Doran S, Saji H, Kanangat S, Karoichane M, Tambur A, Monos D, El-Khalifa M, Turner V, Kamoun M, Mustafa M, Ramon D, Gandhi M, Vernaza A, Gorodezky C, Wagenknecht D, Gautreaux M, Hajeer A, Kashi Z, Fernandez-Vina M. 16(th) IHIW: global distribution of extended HLA haplotypes. Int J Immunogenet 2013; 40: 31-38 [PMID: 23302097 DOI: 10.1111/iji.12029]

37 O'Brien TR, Kohaar I, Pfeiffer RM, Maeder D, Yeager M, Schadt EE, Prokunina-Olsson L. Risk alleles for chronic hepatitis B are associated with decreased mRNA expression of HLA-DPA1 and HLA-DPB1 in normal human liver. Genes Immun 2011; 12: 428-433 [PMID: 21346778 DOI: 10.1038/gene.2011.11]

38 Thomas R, Thio CL, Apps R, Qi Y, Gao X, Marti D, Stein JL, Soderberg KA, Moody MA, Goedert JJ, Kirk GD, Hoots WK, Wolinsky S, Carrington M. A novel variant marking HLA-DP expression levels predicts recovery from hepatitis B virus infection. J Virol 2012; 86: 6979-6985 [PMID: 22496224 DOI: 10.1128/JVI.00406-12]

39 Zhang H, Zhai Y, Hu Z, Wu C, Qian J, Jia W, Ma F, Huang W, Yu L, Yue W, Wang Z, Li P, Zhang Y, Liang R, Wei Z, Cui Y, Xie W, Cai M, Yu X, Yuan Y, Xia X, Zhang X, Yang H, Qiu W, Yang J, Gong F, Chen M, Shen H, Lin D, Zeng YX, He F, Zhou G. Genome-wide association study identifies 1p36.22 as a new susceptibility locus for hepatocellular carcinoma in chronic hepatitis B virus carriers. Nat Genet 2010; 42: 755-758 [PMID: 20676096 DOI: 10.1038/ng.638]

40 Mangia A, Gentile R, Cascavilla I, Margaglione M, Villani MR, Stella F, Modola G, Agostiano V, Gaudiano C, Andriulli A. HLA class II favors clearance of HCV infection and progression of the chronic liver damage. J Hepatol 1999; 30: 984-989 [PMID: 10406174]

41 Alric L, Fort M, Izopet J, Vinel JP, Bureau C, Sandre K, Charlet JP, Beraud M, Abbal M, Duffaut M. Study of host- and virus-related factors associated with spontaneous hepatitis C virus clearance. Tissue Antigens 2000; 56: 154-158 [PMID: 11019916]

42 Thio CL, Thomas DL, Goedert JJ, Vlahov D, Nelson KE, Hilgartner MW, O'Brien SJ, Karacki P, Marti D, Astemborski J, Carrington M. Racial differences in HLA class II associations with hepatitis C virus outcomes. J Infect Dis 2001; 184: 16-21 [PMID: 11398104]

43 Miki D, Ochi H, Hayes CN, Abe H, Yoshima T, Aikata H, Ikeda K, Kumada H, Toyota J, Morizono T, Tsunoda T, Kubo M, Nakamura Y, Kamatani N, Chayama K. Variation in the DEPDC5 locus is associated with progression to hepatocellular carcinoma in chronic hepatitis C virus carriers. Nat Genet 2011; 43: 797-800 [PMID: 21725309 DOI: 10.1038/ng.876]

44 Patin E, Kutalik Z, Guergnon J, Bibert S, Nalpas B, Jouanguy E, Munteanu M, Bousquet L, Argiro L, Halfon P, Boland A, Müllhaupt B, Semela D, Dufour JF, Heim MH, Moradpour D, Cerny A, Malinverni R, Hirsch H, Martinetti G, Suppiah V, Stewart G, Booth DR, George J, Casanova JL, Bréchot C, Rice CM, Talal AH, Jacobson IM, Bourlière M, Theodorou I, Poynard T, Negro F, Pol S, Bochud PY, Abel L. Genome-wide association study identifies variants associated with progression of liver fibrosis from HCV infection. Gastroenterology 2012; 143: 1244-52.e1-12 [PMID: 22841784 DOI: 10.1053/j.gastro.2012.07.097]

45 Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis: incidence and risk factors. Gastroenterology 2004; 127: S35-S50 [PMID: 15508101]

P-Reviewers Liu HF, Timm J

 S-Editor Zhai HH L-Editor E-Editor

Table 1 Single nucleotide polymorphisms within human leukocyte antigen loci associated with outcomes of hepatitis B virus infection
	Ethnic group
	Outcome
	　
	HLA locus
	SNP
	Odds
	95%CI 
	HLA haplotype
	Odds
	Reference
	

	Japanese
	Chronic infection
	　
	HLA-DPA1
	rs3077
	0.56
	0.51-0.61
	　
	
	[7]
	

	
	
	
	HLA-DPB1
	rs9277535
	0.57
	0.52-0.62
	
	
	
	

	
	
	
	
	
	
	
	DPA1*0202-DPB1*0501
	1.45
	
	

	
	
	
	
	
	
	
	DPA1*0202-DPB1*0301
	2.31
	
	

	
	
	
	
	
	
	
	DPA1*0103-DPB1*0402
	0.52
	
	

	
	
	
	
	
	
	
	DPA1*0103-DPB1*0401
	0.57
	
	

	
	
	
	
	
	
	
	
	
	
	

	Japanese
	Chronic infection
	
	HLA-DQ
	rs2856718
	1.43
	1.33-1.54
	
	
	[8]
	

	
	
	
	
	rs7453920
	1.66
	1.49-1.85
	
	
	
	

	
	
	
	
	
	
	
	DQA1*0102-DQB1*0303
	19.3
	
	

	
	
	
	
	
	
	
	DQA1*0301-DQB1*0601
	5.02
	
	

	
	
	
	
	
	
	
	DQA1*0102-DQB1*0604
	0.16
	
	

	
	
	
	
	
	
	
	DQA1*0101-DQB1*0501
	0.39
	
	

	
	
	
	
	
	
	
	
	
	
	

	Chinese
	Chronic infection
	
	HLA-DPA1
	rs2395309
	0.71
	0.59-0.86
	
	
	[9]
	

	
	
	
	HLA-DPA1
	rs3077
	0.64
	0.53-0.78
	
	
	
	

	
	
	
	HLA-DPA1
	rs2301220
	0.67
	0.56-0.81
	
	
	
	

	
	
	
	HLA-DPA1
	rs9277341
	1.77
	1.39-2.25
	
	
	
	

	
	
	
	HLA-DPB1
	rs3135021
	0.78
	0.64-0.94
	
	
	
	

	
	
	
	HLA-DPB1
	rs9277535
	0.56
	0.47-0.68
	
	
	
	

	
	
	
	HLA-DPB1
	rs10484569
	1.6
	1.33-1.93
	
	
	
	

	
	
	
	HLA-DPB1
	rs3128917
	1.91
	1.59-2.3
	
	
	
	

	
	
	
	HLA-DPB1
	rs2281388
	1.66
	1.38-2.01
	
	
	
	

	
	
	
	HLA-DPB1
	rs3117222
	0.51
	0.42-0.61
	
	
	
	

	
	
	
	HLA-DPB1
	rs9380343
	0.61
	0.5-0.73
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Indonesian
	Vaccine response
	
	HLA-DR
	rs3135363
	1.59
	1.45-1.73
	
	
	[10]
	

	
	
	
	HLA-DPB1
	rs9277535
	0.82
	0.71-0.96
	
	
	
	

	
	
	
	HLA-III
	rs9267665
	2.13
	1.82-2.49
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Chinese
	HCC
	
	HLA-DQA1/DRB1
	rs9272105
	1.28
	1.22-1.35
	
	
	[11]
	

	
	
	
	GRIK1*
	rs455804
	0.84
	0.8-0.89
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Japanese, Korean
	Chronic infection
	
	HLA-DPA1
	rs3077
	0.46
	0.39-0.54
	
	
	[12]
	

	
	
	
	HLA-DPB1
	rs9277542
	0.5
	0.43-0.6
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Chinese
	Chronic infection
	
	HLA-DPB1
	rs9277535
	0.6
	0.51-0.7
	
	
	[13]
	

	
	
	
	HLA-DPA1
	rs3077
	0.81
	0.75-0.95
	
	
	
	

	
	
	
	HLA-DQ
	rs7453920
	0.6
	0.49-0.73
	
	
	
	

	
	
	
	HLA-DQ
	rs2856718
	0.75
	0.64-0.89
	
	
	
	

	
	HCC
	　
	HLA-DQ
	rs2856718
	0.7
	0.59-0.83
	　
	　
	
	

	
	
	
	HLA-DPA1
	rs3077
	0.78
	0.67-0.92
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Chinese
	HCC
	
	HLA-DQ
	rs9275319
	1.51
	1.38-1.66
	
	
	[14]
	

	
	
	　
	STAT4*
	rs7574865
	　
	　
	　
	　
	
	


HLA: Human leukocyte antigen; SNPs: Single nucleotide polymorphisms; HCC: Hepatocellular carcinoma.
	Ethnic group
	Outcome
	No. of cohorts
	HLA locus
	SNP
	Odds
	95%CI
	Haplotype
	Odds
	Reference
	

	Japanese
	HCC
	721 HCC vs 2890 HCV-negative controls
	MICA
	rs2596542
	1.34
	1.16-1.53
	
	
	[30]
	

	
	
	
	
	
	
	
	
	
	
	

	Japanese
	Cirrhosis
	682 cirrhosis vs 1045 Chronic hepatitis
	C6orf10
	rs910049
	1.73
	1.4-2.15
	
	
	[31]
	

	
	
	
	No gene
	rs3135363
	1.58
	1.32-1.9
	
	
	
	

	
	
	
	
	
	
	
	DQA1*0601
	2.8
	
	

	
	
	　
	　
	　
	　
	　
	DPB1*0405
	1.45
	
	


Table 2 Single nucleotide polymorphisms within human leukocyte antigen loci associated with outcomes of hepatitis B virus infection
SNPs: Single nucleotide polymorphisms; HCC: Hepatocellular carcinoma.
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