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Abstract

Hepatitis B (HBV) and hepatitis C (HCV) viral infection
or co-infection leads to risk of development of chronic
infection, cirrhosis and hepatocellular carcinoma (HCC).
Immigration and globalization have added to the
challenges of public health concerns regarding chronic
HBV and HCV infections worldwide. The aim of this
study is to review existing global literature across ethnic
populations on HBV and HCV related human leukocyte
antigen (HLA) associations in relation to susceptibility,
viral persistence and treatment. Extensive literature
search was conducted to explore the HLA associations
in HBV and HCV infections reported across global
populations over the past decade to understand the
knowledge status, weaknesses and strengths of this
information in different ethnic populations. HLA DR13
is consistently associated with HBV clearance globally.
HLADRB1*11/*12 alleles and DQB1*0301 are associated
with HBV persistence but with HCV clearance worldwide.
Consistent association of DRB1*03 and *07 is observed
with HCV susceptibility and non-responsiveness to
HBV vaccination across the population. HLA DR13 is
protective for vertical HBV and HCV transmission in
Chinese and Italian neonates, but different alleles
are associated with their susceptibility in these
populations. HLA class I molecule interactions with
Killer cell immunoglobulin like receptors (KIR) of natural
killer (NK) cells modulate HCV infection outcome via
regulating immune regulatory cells and molecules. HLA
associations with HBV vaccination, interferon therapy
in HBV and HCV, and with extra hepatic manifestations
of viral hepatitis are also discussed. Systematic studies
in compliance with global regulatory standards are
required to identify the HLA specific viral epitope, stage
specific T cell populations interacting with different HLA
alleles during disease progression and viral clearance of
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chronic HBV or HCV infections among different ethnic
populations. These studies would facilitate stage specific
therapeutic strategies for clearance of HBV and HCV
infections or co-infections across global populations and
aid in identification of HBV-HCV combined vaccine. HLA
associations of chronic HBV or HCV development with
confounding host factors including alcohol, drug abuse,
insulin resistance, age and gender are lacking and
warrant detailed investigation across global populations.
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INTRODUCTION

Hepatitis B (HBV) together with hepatitis C (HCV)
accounts for 75% of liver diseases and are regarded a
major threat to public health worldwide. Hepatitis B and C
co-infections have raised major concern in HIV, transplant
and other immunosuppressed patients. Intravenous drug
abuse is currently the main risk but nosocomial infection
is also of concern for HBV and HCV infection. Three
independent factors seem to be associated with fibrosis:
age, daily alcohol consumption and male gender. Over two
billion people are expected to be infected with HBV during
their lifetime and about 350 million are estimated to be
chronic cartiers”. Chronic carriers develop life-threatening
liver cirrhosis or HCC. Hepatitis C infected patients have
greater chances to develop chronic hepatitis and liver
cancer. About 54% to 86% of infected individuals develop
chronic manifestation, and females and children tend to
have lower rate of chronicity. It is estimated that about
200 million people around the world are HCV infected. 4.1
million (1.6%) Americans have been infected with HCV,
of whom 80% are chronically infected™.

The mechanism of HBV and HCV pathogenesis
remains elusive. Host genetic factors are proposed to
be governing the pathology of disease progression or
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regression along with the viral and environmental factors.
Interplay of HLA restricted T lymphocytes, antibody-
secreting B-lymphocytes, NK cells and cytokines,
conditions the immune response to viral infections.
Effective presentation of viral antigens to CD4+ T cells
and CD8+ T cells by HLA class II and class I molecules
respectively, is the key regulation of optimum immune
response against viral infection, and further dictates viral
clearance or persistence. Inconsistency is observed in
response to HBV vaccination and intetferon treatment
following HBV and HCV infection. Varied response
to vaccination is implicated to specific combinations
of polymorphic HLA class II alleles that influence the
capacity of HLA class II molecules to bind and present
antigen to CD4+ cells that augment antibody production
and cytotoxic T lymphocytes activation. Numerous clinical
and laboratory investigations have identified several
immunogenetic factors involved in conditioning viral
hepatitis. Gene polymorphisms and heterozygosity at HLA
loci enable HLA molecules to present a wide array of
antigens and diversify the properties of HLA molecules
with respect to antigen binding and presentation'”.

HLA associations with respect to HBV and HCV
infection susceptibility, protection, disease severity,
interferon treatment response and response to vaccination
have been intensively investigated across the global
populations. We have attempted to review the published
literature on HLA associations with HBV and HCV
infections with the purpose of identifying common HLA
allele association with hepatitis B and C. Convergence of
this information would provide but not be limited to (a)
insight into the immunopathogenesis of HBV-HCV co-
infections and superinfections, (b) identification of genetic
markers to predict the course of infection/treatment
response and (c) enable designing of combined vaccine
strategies for viral hepatitis B and C.

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS B INFECTION IN GLOBAL
POPULATIONS

Viral persistence and viral clearance

Viral clearance (acute infection) or persistence (chronic
infection) is conditioned by immune response mechanisms
regulated by HLA molecules. HLA associations with
susceptibility and protection from persistent HBV
infection, though robust, are inconsistent even within
the same population. HLA allele associations with HBV
clearance and persistence in global population are outlined
in Tables 1 and 2.

HILA Class | allele associations: susceptibility to HBV
infection and chronicity is attributed to HLA A*0206
allele in Taiwanese, B35 in Chinese!”, B18, B35, B40,
Cw3 allele in Russian, A3 and B18 in Kazakhs" B8-
Cw-7 haplotype in Senegalesew, and HLA A*01-B*08-
DRB1*03, B-44-Cw1601 and B*44-Cw*0501 haplotype
in American Caucasians!’ (Table 1). Also, HLABS in
European Caucasians is associated with non-response to
HBV vaccination (Table 3) indicating inefficient immune

response against HBV antigen in HLLA B8 carriers'”.

HLA B61 in Taiwanese!”, A*26 in Japanese™ and

A*0301 in American Caucasians'’ are protective (Table 2).
HILA A2 and A11 are protective alleles for HBV chronicity
in Russians and Kazakhs respectively’”™. HLA A-24 and
Cw1 are related to lower risk for chronic manifestations of
HBV infection in Turkey"”.
HLA Class [I allele associations: HLA class II alleles
HLA DRB1*13 and HLA DRB1*11/*12 are consistently
associated with viral clearance and viral persistence
of HBV infection respectively in major populations
(Table 2). In contrast HLA DRB1*11/*12 alleles are
associated with HBV clearance in Chinese"™”'"! and HLA
DRB1*13 is reported as a susceptibility gene for chronic
HBYV infection in Turkish populations”. HLA DR7 and
DRB1*15 are also protective for HBV infection in Chinese
but associated with chronic infection in Turkish and
Indian populations respectively™*'¥. HLLA DR15 is also
reported to be associated with responsiveness to HBsAg
vaccine in European Caucasian populations (Table 4).
These variations observed in HLLA allele associations ate
confounding and suggest influence of other genes on the
effect of these alleles on disease outcome.

HLA DR13 is associated with protection from vertical
transmission of HBV and HCV in Chinese and Italian
infants'™"" and with HBV clearance across the population
(Table 2). The protectiveness of HLA DR13 is proposed
to be cither due to proficient antigen presentation by
DR13 molecules or linked polymorphisms in neighboring
immune regulatory gene.

Hepatitis B viral persistence and disease chronicity is
associated with HLA DQA1*0501 and HLA DQB1*0301
in Chinese and African Americans""" and with HLA
DR9 in Chinese and Koreans"""”. In Chinese populations
HLA DR3 is associated with HCV petsistence and vertical
transmission'""”!, Pellegris ez a/*studied HBV and HCV
related HCC in Italian subjects, 73 with liver cirrhosis
and 32 without liver cirrhosis. They have suggested
the possibility of HLA DQ1 allele association with
susceptibility to liver cell destruction and HLA DR3 with
absence of cell destruction in HCC subjects showing liver
cirrhosis and no cirrhosis respectively.

HLA Class [l allele associations: Polymorphisms in
cytokine genes influence outcome of HBV infection.
In Chinese populations tumor necrosis factor-alpha
(TNF)alpha-857GG is associated with self-limiting
infection while TNF-alpha-857 CC and -238G/A
polymorphism*"**! with chronic HBV infection.
Polymorphism at position -238 G/A in TNF alpha is
associated with chronic HBV infection and defective
viral clearance™ in German Caucasians. The carriers of
the -592A allele in IL-10 promoter and -308G/-238G
haplotype homozygotes in the TNF-alpha promoter region
have higher risk of persistent HBV infection in Koreans™.
In Italian patients the genotype -308G/G and haplotype
TCGG (-T1031, -C863, -G308, -G238) are associated
with an unfavorable prognosis in those with chronic HBV
infection™. TNF-alpha promoter polymorphism -308A is
common in Iranian population but is not associated with
hepatitis B disease chronicity®. 1118 polymorphism at
position -137G is associated with chronic HBV infection
while -137C is protective in Chinese. Polymorphism at
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HLA Effect Country and cases Healthy Recovered Chronic  Reference
controls infection

HLA I

HLA A*0206 VP Taiwan (Taiwanese Aborigines) 34 229 138 [4]

HLA B-35 VP Taiwan (Han Chinese) 98 324 98 [4]

HLA A*2 VP/Disease severity Japan [8]

HLA B18, B35, B40, Cw3 Susceptibility to chronic  Russia [5]
HBV infection

HLA A3, B18 Susceptibility to chronic  Kazakh [5]
HBYV infection

HLA: B8-Cw?7 haplotype Liver cancer associated ~ Senegal 96 98 [6]
with HBV infection

HLA B*8 VP USA (Caucasians) 342 194 [7]

HLA A*01-B*08-DRB1*03, B*44-Cw*1601 VP USA (Caucasians) 342 194 [7]

and B*44-Cw*0501 haplotype

HLA I

HLA DRB1*1202# VP Taiwan (Han Chinese) 98 324 98 [4]

HLA DQA1*0302 VP China 148 (R), 212 (AC) 207 [113]

HLA DRB1*0301, DQA1*0501, DQB1*0301 VP China 106 30 54 [10]

HLA DR9, DQ9 vpP China 56 30 [11]

HLA-DRB1*06, DRB1*08, and DRB1*16 VP China 200 72 [14]

HLA DR9 VP Korea (ESRD patients) 946 243 83 [19]

HLA DRB1*11# and DRB1*15 VP India 100 26 [12]

HLA DQA1 *0501, DQB1 *0301 vpP USA (African American) 60 31 [18]

HLA DR3 Susceptibility to HBV China (Pregnant women) 40 78 [15]
infection & vertical
transmission

HLA-DRB1*1201/1202# Susceptibility to liver China (Cirrhosis subjects from 108 116 [13]
cirrhosis Hubei area)

HLA B13, B8, DR7, DR13, DQ3 Susceptibility to chronic  Turkey 50 50 9]
HBYV infection

HLA DQAT1 0501, DQB1 0301, DRB1 VP USA (African American) 60 31 [18]

1102# haplotype

VP: viral persistence/chronic infection; AC: Asymptomatic carriers; Common VP alleles: DQB1*0301, #: DRB1*11/12; ESRD: End stage renal disease; R:

Recovered; HBV Hepatitis B virus.

position -137C may be associated with higher production
of IL18 that augments IFN-gamma production and thus
better immune response against HBV infection. Genetic
ability to produce low levels of IFN-gamma is related to
susceptibility for chronic HBV infection™. Polymorphism
of IL10 promoter at position -819T/C and -592A/C is
related to chronic infection™. Decreased 11.10 production
owing to -819T and -592A allele contributes to the
asymptomatic carrier state and thus is relevant for disease
progression in Japanesem. Frodsham ¢ a/*"'have identified
an HLA class II cytokine receptor gene cluster as a major
susceptibility locus for HBV infection »iz genome analysis
in Gambian populations. Polymorphism at the type I
IFN receptor gene, IFN-AR2, and the IL-10RB gene is
associated with viral clearance. TNF-alpha polymorphism
at position -244G/A is not present in American Caucasian
and Egyptian hepatitis B patients but is present in
Egy{%tian healthy individuals suggesting its protective
role™.

Response to HBV vaccination

Variegated antibody response following standard HBV
vaccination in otherwise healthy individuals is observed,
with 5%-10% showing no response. It is suggested
that non-responsiveness may also be associated with
antigen-specific HLA determined deficiency in the T cell
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repertoire and not only with defective antigen presentation
or HLA class II affinity for hepatitis surface antigen
(HbsAg) derived peptide™. Clinical evidence suggests
strong association of HLA genes with response to HBV
vaccination in the global population, which is outlined
in Tables 3,4 and 5. Martinetti ¢f a/”" explored HBV
vaccination response in neonates to identify the genetic
predisposing factors influencing the response.

HLA class | allele associations: HLLA class | and
class I molecules are synergistically involved in the
immune response to recombinant HbsAg, with a stronger
association of HLA DRB1 locus™. HLA class [ loci (A,
B and C) association with vaccine responsiveness is not
clear and is considered mainly due to its strong linkage
disequilibrium with HLLA DR locus. Non-responsiveness to
HbsAg vaccination is reported to be associated with HLA
Al, B15, and B40 in Indians of Asian origin, HLA A1,
A2, B8, and B7 in Caucasians and HLLA B54 in Chinese.
Responsiveness is associated with HLA A11 in Indians of
Asian origin and A10, Al and B7 in Caucasians (Tables 3
and 4).

HLA class [[ allele associations: HLLA DR alleles in
several populations are major determinants of response
to HBV vaccination. Clinical studies have supported
HLA DR3 and DR?7 association with non-responsiveness
to HBsAg vaccination (Table 3). HLA haplotype
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HLA Effect Country and cases NC R Cl Reference
HLA I HLA B61 Early HBeAg seroconversion Taiwan (chronically infected 81 [114]

children)
HLA A*26 No disease progression Japan [8]
in HBV carriers
HLA A-24 and Cw1 Low risk for HBV related Turkey 50 50 [9]
chronic disease
HLA A2 vC Russia [5]
HLA Al1 vC Kazakh [5]
HLA A*0301 vC USA (Caucasians) 342 194 [7]
HLA T
HLA DRB1*4001 vC Taiwan (Taiwanese Aborigines) 98 324 98 [4]
HLA DRB1*0406, DRB1*0701  VC Taiwan (Han Chinese) 98 324 98 [4]
HLA DQA1*0301, DQA1*0102 VC/AC China 148 (R) & 212 (AC) 207 [113]
HLA DRB1*1101/ *1104, vC China 106 30 54 [10]
DQA1*0301
HLA DR12 (DRB1*1201) VvC China 56 30 [11]
HLA-DRB1*07 VC/Protection from HBV infection. China 200 72 [14]
HLA DR6 (DRB1*13) VvC Korea (ESRD patients) 946 243 83 [19]
HLA DRB1*13 VvC India 100 26 [12]
HLA DRB1*1301 and VvC Gambia (children & Adult 891 & 25 218 & 195 185 & 40 [110]
DRB1*1302 men)
HLA DRB1*1301/1302 vC Spain 24 11 38 [115]
HLA DRB1*1301/1302 vC Germany 101 117 [116]
HLA DR13 (DRB1*13) vC Germany 208 33 32 [117]
HLA DQB1*0503 Early HBeAg seroconversion Taiwan (Chronically infected 81 [114]
children)
HLA DR13 Resistance to HBV infection & China (Pregnant women) 40 78 [15]
vertical transmission
HLA-DRB1*1501 /1502 Protection from liver cirrhosis China (Cirrhosis subjects from 108 116 [13]
Hubei area)
HLA DR5 No disease progression in HBV Japan [8]

carriers

VC: Viral clearance/self limiting infection, AC: Asymptomatic carriers; Common VC alleles: DRB1*13; ESRD: End Stage Renal Disease; R: Recovered; HBV:

Hepatitis B virus.

Bw54CREG, C4RFLP (6.5 kb + 12.0 kb)-DR4-DRw53-
DQw4, (DQA1*0301-DQB1*0401) is in increased
frequency in Japanese non-responders (NR) while HLA
group DR1, DRw6, DQw1 are in low frequency in the
non—respondersmJ to HbsAg vaccine. HLA DR3, DR4,
DR7, DR13 (DRB1*1302), DR14, DR16 is associated with
non-responsiveness and HLA DR1, DR5, DR11, DR13
(DRB1*1301) and DR15 with responsiveness (Tables 3
and 4) to HBV vaccination across the population. HLA
DR alleles associations were not reported in Indian (Asian)
populations. Higher frequency of HLA DR4, DR7 and
DR14 is associated with non-responsiveness and HLLA DR1
with responsiveness in Japanese, Chinese and Caucasian
populations (Tables 3 and 4). HLA DR10 and DR51
association with HBV vaccine responsiveness is reported
only in Indian (Asian) population””. HLA DRB1*13
alleles carriers are hyper responsive to anti measles vaccine
and HLA DR7 with non-responsiveness, resembling the
pattern of response for recombinant HbsAg vaccine™.
HLA DP alleles -DPB1*1101 with non-responsiveness,
DPB1*0401 with responsiveness- are significant in
determining the HBV vaccination responsemJ in Belgian
populations. HLA DQ2 (DQB1*02) is predominantly
associated with non-responsiveness to HBV vaccine in
Indian (Asian) and Caucasian populations (Table 3). HLA
DQB1*0202, DQB1*0502, DQB1*0604 and DQA1*0102

alleles are associated with non-responsiveness and

DQB1*0301, DQB1*0501, DQB1*0603, DQA1*0101
and 0103 with responsiveness in different European
populations to this vaccine. Despite robust association
in wide population HLA DQ2 did not qualify to be a
non-responder marker™ for HBV vaccine in European
populations. However it was suggested to be an indicator
for sub-optimal response to HBV vaccination in
homozygous subjects.

HLA class [l allele associations: HLA class Il
complement allele C4AQO is strongly associated with
non-responsiveness to anti HBV vaccination'. Tt may
contribute to inefficient complement activation and thus
failure of B cells to secrete anti-HB immunoglobulinm’m.
Complement protein production is linked to HLA
haplotypew. Other HLA class Il genes including BfF,
Cw4, Cw2, and C4AG6 are associated with responsiveness
to HBV vaccination in the Caucasian population (Table
4). Kramer ¢z a/*? studied the TCR/CD3 density in non-
responders and responders following vaccination in end
stage renal disease (ESRD) patients. In these patients
lower density of TCR/CD3 was reported in responders
carrying C4A*6 and BfF alleles in comparison to non-
carriers. Low TCR/CD3 density is related with non-
responsiveness and is found associated with HLA A1-B8-
DR3 haplotype. The HLA DR3 (associated with HBV
vaccine non responsiveness) positive responders lacked

C4A*6 and BfF alleles. HLLA A1, C4A*6 and Bf*F alleles

www.wjgnet.com
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HLA Effect Country Vaccinees Rs NRs Reference
HLA I HLA B54 Non- responsiveness ~ China Healthy vaccinees 30 29 [118]
HLA A*0602, A*1101 and B*35 Non-responsiveness/ Japan Healthy medical students [35]

antibody production
HLA A1, A10, B15, B40. Non responsiveness  India Healthy volunteers 150f87Rs 15 [37]
HLA A10, CW4 Non-responsiveness — Turkey Health care workers 12 [119]
HLA A1, B8 Non-responsiveness ~Germany, Poland ESRD Patients on hemodialysis 119 34 [44,46]
HLA B8 Non-responsiveness  Belgium Homosexual vaccinees 39 9 [120]
HLA A2 Non-responsiveness  Spain Hemodialysis patients [121]
HLA Il HLA DR7## Non- responsiveness China Healthy vaccinees 30 29 [118]
HLA DRB1*07## Non-responsiveness ~ China (Han) Healthy vaccinees 145 118 [122]
HLA DR14, DR52 Non- responsiveness Chinese (Taiwan) Non responder vaccinees 26 [123]
HLA DRB1*0405, DRB1*1101, DR4 Non-responsiveness/ Japan Healthy medical students [35]
antibody production
HLA DQ2$ Non responsiveness  India Healthy volunteers 15 of 87 15 [37]
HLA DR7# Non-responsiveness  Turkey Health care workers 12 [119]
HLA DR3, DQ2$ Non-responsiveness ~Germany, Poland ESRD Patients on hemodialysis 119 34 [44,46]
HLA DR3 Non-responsiveness  Belgium Homosexual vaccinees 59 9 [120]
HLA DRB1*07#, *DQB1*02$, and Non-responsiveness  Belgium Vaccinees 134 117 [39]
DPB1*1101
HLA DRB1*03, DRB1*14 Non-responsiveness  France Hemodialysis patients 301 114 [124]
HLA DRB1*1302, DQB1*0604, Non-responsiveness  Sweden Healthy vaccinees 69 53 [48]
DQA1*0102
HLA DRB1*0701#, DQB1*0202$  Non-responsiveness UK Vaccinees 117 86 [125]
HLA DRB1*0701#, DQB1*0202$ ~ Non-responsiveness UK HBsAg Non responders [45]
HLA DQB1*02$ Non-responsiveness  Italy Neonates 76 49LR, 43SR 19TNR  [34]
HLA DRB1*1601, DQB1*0502, Non-responsiveness  Slovenia Health care workers 60 36 [126]
DQA1*0102 Haplotype
HLA DR3, DR7#, DQ2$ Non-responsiveness  Spain Hemodialysis patients [121]
HLA DRB1*3, DRB1*7, DRB1*14x Non-responsiveness ~Germany Healthy adults & Infant 53 & 56 73 & 62 [127]
vaccinees
HLA-BS8, SC01, DR3 and HLA Non-responsiveness USA Healthcare worker 20 [33,49]
B44-FC31, DR7#
HLA DRB1*07# Non-responsiveness ~ USA Healthy vaccinees 85 79 [128]
HLA II HLA C4A*6, C4A*QO0##, Non-responsiveness Germany, Poland ESRD Patients on hemodialysis 119 34 [46]
Bf*F, Bf*S07
HLA C4AQO## Non-responsiveness  Italy Neonates 40 26LR, 21SR, 10TNR  [41]
HLA C4AQO## Non-responsiveness  Italy Neonates 76 49LR, 43SR 19TNR  [34]
HLA C4AQO## Non-responsiveness ~ Germany Healthy vaccinees 53 73 [42]

Rs: Responders; NRs: Non-responders; ESRD: End stage renal disease; LR: Low responders, SR: Slow responders; TNR: Total non-responders. Common HLA

alleles $: DQ2, #: DR7, ##: C4AQ0, DR3.

are associated with non-responders as well as responders
but occur within different haplotypes in non-responders
and responders for HBV vaccination.

Homozygous individuals for non-responder haplotype
are strongly non-responsive to HBV vaccination when
compared to the heterozygous state!™. Homozygotes for
HLA A1, B8, DR3, and DQ?2 alleles are found exclusively
in non-responders while heterozygotes are mostly non-
responders1461 for HBV vaccination.

Non-uniformity observed in HLA association may be
due to interaction between HLA factors within a haplotype.
In Belgian populations HLA DPB1*0201 is associated
with non-responsiveness to HBV vaccine when it occurs
with haplotype DRB1*0701/DRB4*0101—DQB1*020*[391.
Also interaction with non-HLA genes in addition to HLA
genes may influence responsiveness to HBV vaccination'”.
Presence of certain HLA genes in both responder and
non-responder subjects suggests a role for other genes
(cytokines, T cell receptors etc) in influencing the response
to anti Hepatitis B vaccination and HLA alleles may be
markers for such association™. Several susceptibility genes
for immunoglobulin deficiency associated with haplotype
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HILA-B8, SCO01, and DR3 atre found in higher frequency
in HBV wvaccine non—respondersm’m. Low levels of 1.2
cause hypo-response to HBV vaccination™. 11,10 ACC
haplotype is associated with lower production of 1L10 and

thus favor strong humoral immune response to HbsAgm.

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS C INFECTION IN GLOBAL
POPULATIONS

Viral persistence and viral clearance

Activation of T helper (TH) 1 response is associated
with self-resolving viral infection and that of TH2
with chronicity. The reactivation mechanism of T cells
contributing to activation of particular TH CD4+ cells
during HCV infection is not understood. Since negative
finding by Vitte ez a/"in Caucasians, several HLA
alleles and haplotypes have been found associated with
susceptibility and resistance to hepatitis C infection,
progression to liver damage and cirrhosis, development
of hepatocellular carcinoma and response to interferon
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HLA Effect Country Vaccinees Rs NRs Reference
HLA I, HLA Al, B7, B12 Responsiveness (Low) Germany Poland ESRD Patients on hemodialysis 119 34 [46]
HLA Al, A19, B5, B27, Cw2, Cw4 Responsiveness (High) Germany Poland ESRD Patients on hemodialysis 119 34 [46]
HLA II, HLA DRB1*02 Responsive China (Han) Healthy vaccinees 145 118 [122]
HLA DRB1*0101, DRB1*08032, DQA1, DQB1, Responsiveness Japan Healthy medical students [35]
DPA1 and DPB1
HLA DR4 Responsiveness (Low) Germany, Poland ESRD Patients on hemodialysis 119 34 [46]
HLA DRB1*010, DR5, DPB1*040, Responsiveness Belgium Vaccinees 134 117 [39]
DQB1*0301, DQB1*0501.

HLA DRB1*01, *DRB1*15# and Responsiveness France Hemodialysis patients 301 114 [124]

DRB1*16

HLA DRB1*1301, *DR15#, DQA1*0103, Responsiveness Sweden Healthy vaccinees 69 53 [48]

DQA1*0102, DQB1*0603,

HLA DRB1*11, DQB1*0301 Responsiveness Italy Neonates 76 49LR, 43SR  [34]
19TNR

HLA DRB1*1 DRB1*13, *DRB1*15# Responsiveness Germany Healthy adults & infant vaccinees 109 135 [127]

HLA Il C4A*6, C4B*2, Bf*F Responsiveness (High) Germany Poland ESRD Patients on hemodialysis 119 34 [46]

Rs: Responders; NRs: Non-responders, ESRD: End stage Renal Disease, LR: Low responders, SR: Slow responders, TNR-total non-responders common HLA

alleles: DRB1*01, #: DR15.

HAPLOTYPE Effect Country Vaccinees Rs NRs References

HLA DR4, 1122 (DRB1*0401-22, 1122)- Non-responsiveness China [129]

DR53 (DRB4*0101101, 0102/3)-DQB4

(DQB1*04)

HLA DR14-DR52 Non-responsiveness Chinese (Taiwan) Non-responder 33 [123]
vaccinees

HLA A1, B8, Bfs, C4AQ0, C4B1, DR3, DQ2 Non-responsiveness ~Germany, Poland ESRD Patients on 34 119 [46]

and HLA A1, B8, BfF, C4A6, C4B2, DR3, DQ2 hemodialysis

HLA DRB4*0101-DRB1*0301/DRB3* *0101 DQB1*0202 Non-responsiveness Belgium Vaccinees 134 117 [39]

and DPB1*0201 DRB1*0701/DRB4*0101, DQB1*020*

HLA DQB1*0604, DQA1*0102, DRB1*1302 Non-responsiveness Sweden Healthy vaccinees 69 53 [48]

haplotype

HLA C4A*Q0, DRB1*0301, DQB1*02 Non-responsiveness Italy Neonates 40  26LR,21SR 10TNR [41]

HLA C4AQ0, DQB1*02 Non-responsiveness Italy Neonates 76  49LR, 43SR 19TNR [34]

HLA B44-DRB1*0701-DQB1*0202 Non-responsiveness UK Vaccinees 117 86 [125]

HLA DRB1*1601, DQB1*0502, DQA1*0102 Non-responsiveness Slovenia Health care workers 60 36 [126]

haplotype

HLA B8-DR3 Non-responsiveness Germany Healthy adult & 109 135 [127]
infant vaccinees

HLA DQB1*0603, DQA1*0102, DR15 Responsiveness Sweden Healthy vaccinees 69 53 [48]

and HLA DQB1*0603, DQA1*0103, DRB1*1301

haplotype

HLA DRB1*11, DQB1*0301 Responsiveness Italy Neonates 76  49LR, 43SR 19TNR [34]

ESRD: End stage renal disease. Rs: Responders; NRs: Non responders; LR Low responders; SR: Slow responders, TNR: Total non-responders.

therapy in several populations. These are outlined in
Tables 6, 7 and 8. Associations with HLA class II genes
are reported more often than HLA class I . HLA class
I allelic diversity is suggested to have little influence on
fibrosis and disease severity associated with chronic HCV
infections™

HIA class | allele associations: Susceptibility to HCV
infections is associated with A*19 in Saudi peoplel54J and
with HLA A*28, A*¥29, B¥14, DR7 in Egyptians™. HLA
A11-C*04 is associated with HCV persistence in Ireland”™.
HLA B-35 and B8 are strongly associated with chronic
HCV infection, with HLA B-35 being positively related
to chronic viral infection regardless of viral type[5’57j. In
American whites, HCV persistence is associated with HLA

Cw*04 and HLA B53, homozygosity of HLA Cw*04
have stronger effect on persistence than single copy of the
allele.

Protection from HCV infection is associated with
HILA-B51, -B52, -B55, -B56, -B61, B70, -Cw1, -Cw3, and
-Cw4 in Japanese populations[S()J. In Ireland HILA B27 and
A*03 have strong association with self-resolving HCV
infection'®. Spontaneous HCV clearance is associated
with HLA B-27 in German women cohorts®" and HLA
A*1101, B57 and Cw0102 are reported to be associated
with viral clearance in American whites™. HLA C allele
association with HCV clearance is found in Japanese
(Cw1, Cwd)™, Russian (Cw4)” and American populations
(Cw0102)"" (Table 6). HLA Cw*0602 protects from
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HLA Effect Country NC R Chronicinfection  Reference
AC  CLD/CHC
HLA I HLA-B61, Cw3, VP/HCV infection Japan 293 60 [69]
HLA B54 VP with CLD Japan 916 33 97 [68]
HLA B55, -B56, B70 VP Japan 172 113 [59]
HLA A3, B-35, B-46 VP Korea 206 137 [109]
HLA A28, A29, B14 HCV infection Egypt [55]
HLA A-19 HCV infection Saudi people. 122 146 [54]
HLA-A10, HLA-B35, HLA-B40 VP-CLD Russia [5]
and HLA-Cw3
HLA-A30, B35, B41, Cw2, VP-CLD-LC Russia 107 [57]
A1-B35, A9-B8
HLA BS, B18 VP-CHC Ireland 86 141 [60]
HLA C*04 VP Ireland (Whites) 86 139 [56]
HLA B14 VP & active hepatitis C Italy 489 117 [130]
HLA B18 Susceptibility to CLD Spain 116 48 93 [131]
HLA-A*2301 and HLA-Cw*04 VP USA 231 444 [58]
HLA-Cw*07, Risk factor for vertical Italy (infants born to 44 uninfected infants 21 [16]
infection HCV+ mothers) born to HCV+ mothers
HLA 11 HLA DR4, DQB1*0401 VP/ HCV infection Japan 293 60 [69]
DQB1*0402
HLA DRB1*0405, DQB1*0401 VP with CLD Japan 916 33 97 [68]
HLA DRB1*0405, DQB1*0401 VP with LC Japan 1216 50 67 [70]
HLA DQB1*0503 VP with LC Japan 201 43 60 [132]
HLA DRB1*0301#, DQB1*0201, VP/CHC Thailand 140 43 21 36 [133]
DQB1*0502
HLA, DRB1*0803, DQB1*0601 VP Korea 206 137 [109]
and DQB1*0604
HLA DRB1*0301# P Egypt (Hemophilic and 15 Healthy & 25 HCV- 10 HCV+ 15 (HCV- [134]
HCV-, HCC+ patients) HCC+)
HLA DR7 HCV infection Egypt [55]
HLA-DRB1*0701, DRB1*15, Viral persistence UK (European) 85 170 [135]
DRB4*0101
HLA DQB1*0201 VP-CHC Ireland 86 141 [60]
HLA DRB1*0701 (HCV 1b) VP Ireland (females receiving 84 72 [136]
HCV 1b contaminated
AntiD immunoglobulin)
HLA DRB1*1001, DRB1*1101 ~ VP/CLD Italy 179 41 99 [137]
HLA DQB1*0502 VP-CLD Italy 200 35 42 107 [138]
HLA DR14, DR17 VP-CLD Italy 70 34 39 [139]
HLA DRB1*0301 VP-CHC Germany 101 105 [140]
HLA DRB1*07 VP-CLD German & North Europeans 2045 99 [94]
HLA DR B1*13 and DRB1*14  Susceptibility to infection German & North Europeans 2045 99 [94]
HLA DR3# Susceptibility to chronic disease Spain 116 48 93 [131]
HLA DRB1*13 and DRB1*07  Necro inflammatory Poland 134 [95]
activity during infection
HLA DRB1*13 allele VP Poland 134 [95]
DRB1*03# and CLD/LC France 233 [141]
DQB1*0201(male gender)
HLA G*010401, -DRB1*0701, Risk factor for vertical infection Italy(infants born to 44 uninfected infants 21 [16]
-DRB1*1401 and homozygosity HCV+ mothers) born to HCV+ mothers
for HLA-G 14bp deletion
HLA DRB*4001 High viral load Taiwan [142]
HLA I MICA-A4 Susceptibility to CLD Spain 116 48 93 [131]

VP: Viral persistence/chronic infection; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; AC: Asymptomatic carriers;

LC: Liver cirrhosis. Common VP alleles: # DRB1*03, DRB1*0701.

vertical HCV transmission in infants while HLA CW*07 is
the susceptibility allele” for HCV.

NK cells mediate direct killing of infected and
transformed cells contributing to viral clearance and
protection from tumor development. This killer activity
is under the control of HLLA class | molecule interaction
with inhibitory and activation receptors-killer cell
immunoglobulin like receptors (KIR) of NK cells. HLA
C molecules interact with KIRs of NK cells and modulate
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their cell killer activity. Activation receptor KIRDL3
and HLA-C1C1 ligand interact directly to influence
viral clearance in HCV infection™. KIRDL3 associated
protection is not found in individuals lacking HLLA-C1C1
allele””. HLLA C2C2 interaction with NK cell receptor is
associated with viral persistence in Spanish populations'®”,
KIR3DS1-HLA Bw4180 genotype is associated with
protection from development of HCC in HCV carriers™!.
HLA Cw?7 inhibitory interaction with NK cells is proposed
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HLA | Effect Country NC R Chronic infection Reference
AC CHC/CLD
HLA [ HLA-B51, -B52, B61, vC Japan 172 113 [59]
-Cw1, Cw3, and Cw4
HLA A2 AC Japan 172 113 [59]
B50 (21) vC Egypt [55]
HLA-BS, Protection from Saudi people 122 146 [54]
infection
HLA-Cw4 Protection from Russia [5]
chronic infection
HLA A*03,B*07,B*27,Cw*01 VC/Protection from  Ireland 86 141 [60]
chronic infection
HLA-A*1101,HLA-B*57 Viral clearance USA 231 444 [58]
and HLA-Cw*0102
HLA-Cw*0602 Protection against Italy (infants born to 44 uninfected infants 21 [16]
vertical infection HCV+ ve mothers) born to HCV+ mothers
HLA Bw4180/KIR3DS1 HCV carriers Spain 116 51 47 (LC), [64]
54 (HCC)
HLA-C1/KIR2DL3 VC/protection from UK 352 685 [62]
infection
HLA A*34,B*56 Low viral load Taiwan [142]
HLA 11 HLA-DR9- DQB1*0301 VC/protection from Japan 293 60 [69]
and DQB1*0303 HCV infection
HLA DRB1*1302, DRB1*1101## AC/no CLD Japan 916 33 97 [68]
and DQB1*0604 alleles
HLA DRB1*12(1201/1202), AC/no CLD Japan 201 43 60 [132]
DQBI*0301, DRB3*03
HLA DRB1*0901,DQB1*0303 AC-no LC Japan 1216 50 67 [70]
HLA DRB1*04, DRB1*0701, vC Thailand 140 43 21 36 [133]
DQA1*0201,DQB1*0301
HLA DRB1*0301, DQA1*0501 VC/protection from  Korea 206 137 [109]
and DQB1*0201 HCV infection
HLA DRB1*0101## vC Egypt (Hemophilic and 15 Healthy & 25 10HCV+ 15HCV-  [134]
HCV- HCC+ ve patients) HCV- HCC+
HLA DRI and DR3 VC/Protection from  Saudi people 122 146 [54]
infection
HLA DRB1*11# VC/Protection from  Turkey 43 49 [143]
infection
HLA DQA1*03 and DQB1*0302 VC/Protection from  N.European whites 177 104 [144]
chronic infection
HLA-DRB1*0301,DRB1*1101#, Viral clearance UK (European) 85 170 [135]
DRB1*1201# and HLA-DQB1*0301
HLA DRB1*04, DQA1*03 VC/Protection from UK 134 49 55 [145]
and DQB1*0301 chronic infection
HLA DQB1*0302 Protection from UK 134 49 55 [145]
infection
HLA DRB1*01##. (HCV 1b) vC Ireland (females who received 84 72 [136]
HCV 1b contaminated AntiD
immunoglobulin)
HLA DRB1*0101##, DRB1*0401, VC/Protection from  Ireland 86 141 [60]
DRB1*15 chronic infection
HLA DRB1*0101## Viral clearance Ireland 73 84 [78, 146]
HLA DR5# Protection from Italy 489 117 [130]
chronic hepatitis C
HLA I HLA DRB1*1601, Protection from HCV Sardinia (Thalassemia major 606 healthy & 116 [147]
DQB1*0502 infection for transfusion) 30 HCV- patients
HLA DRB1*1104, and DRB3*03 Protection from Italy 179 41 99 [137]
chronic manifestation
/carries
HLA DRB1*1104,DQB1*0301 vC Italy 200 35 42 107 [138]
HLA DR 11 VC/Protection from Italy 70 34 29 [139]
infection
HLA DQB1*0301 Protection from HCV Italy 144 29 [148]
related HCC
HLA DRB1*1301 and DQA1*0103  Protection from Germany 101 105 [140]
chronic HCV infection
HLA-DRB1*15011 Viral clearance/ Germany 21 49 [149]
Protection
HLA-DRB1*11(DR5) and Protection from CLD ~ Germany 501 108 [150]

HLA-DQB1*03(DQ3)
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HLA-DR11 AC/Protection from Spain 116 48 93 [131]
CLD

HLA DQB1*0301 Protection from Poland 103 129 [108]
chronic infection

HLA DRB1*11 Mild liver damage Poland 134 [95]

HLA DQB1*0301 and DRB1*1101 vC France 800 25 103 [74]

HLA DQB1*0301 and female sex vC France 800 63 282 [75]

HLA DRB1*11 Protection from France 233 [141]
progression of liver
disease

HLA DRB1*11 (female association) AC/less severity of France 83 233 [76]
chronic hepatitis

HLA DQB1*0301 VC (strongly in Black USA 200 374 [77]
subjects)

HLA DRB1*0101, DQB1*0501 VC (in white subjects) ~ USA 200 374 [77]

HLA DR13 Protection against Italy (infants born to 17 (serum 18 [17]
vertical infection HCV+ ve mothers) reverted)

HLA-DQB1*06, -G*0105N, DRB1*1104  Protection against Italy (infants born to 44 uninfected infants 21 [16]

and -DRB1*1302 alleles vertical infection HCV+ ve mothers) born to HCV+ mothers

HLA DRB1*1502 Low viral load Taiwan [142]

VC: Viral clearance; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; LC: Liver cirrhosis; AC: Asymptomatic carriers.
Common HLA alleles #: DR5 (DRB1*11, DRB1*12 allele), ##: DRB1*0101, DQB1*0301.

HLA Effect Country NC R  Chronic infection Reference
AC CLC/CHC

Viral persistence

HLA Cw3- DR4-DQB1*0401 or *0402, VP/chronic infection Japan 293 60 [69]

and HLA-B61-DR4 -DQB1*0401 or 0402

HLA B54-DRB1*0405-DQB1*0401 haplotype =~ VP-CLD Japan 916 33 97 [68]

HLA DRB1*0405-DQB1*0401 haplotype VP with LC Japan 1216 50 67 [70]

HLA DRB1*0301, DQA1*0501, DQB1*0201 P Thailand 140 43 21 36 [133]

A*01-B*08-Cw*07-DRB1*03011-DQB1*0201 VP-CHC Ireland 86 141 [60]

HLA DRB1*15-DQB1*0602 High viral load/increased Ireland (viremic females) 57 [71]
risk for disease severity

HLA A*11, C*04 VP Ireland (Whites) 86 139 [56]

HLA DQA1*0201-DQB1*0201 Susceptibility to Chronic hepatitis C ~ Italy 179 41 99 [151]

HLA DR3/MICA-A4/B18 Susceptibility to chronic disease Spain 116 48 93 [131]

HLA DRB1*0701-DQA1*0201-DQB1*02 VP-CLD Poland 103 129 [108]

and DRB1*1501-DQA1*01-DQB1*0602

HLA DRB1*0301 -DQB1*0201 VP USA [77]

HLA-Cw*04-B*53 VP USA 231 444 [58]

Viral clearance

HLA B44-DRB1*1302-DQB1*0604 and AC/no progression to CLD Japan 916 3 97 [68]

DRB1*1302-DQB1*0604

HLA DRB1*0901-DQB1*0303 AC-no LC Japan 1216 50 67 [70]

HLA A*03-B*07-DRB1*15-DQB1*0602 and VC/Protection from chronic infection Ireland 86 141 [60]

A*02-B*27-Cw*01-DRB1*0101-DQB1*0501

DRB1*0701 and DQB1*02 Stable viral load/slow disease Ireland (viremic females) 57 [71]
progression

HLA DRB1*1104, DQA1*0501, DQB1*0301 Protection from Chronic hepatitis Ttaly 179 41 99 [151]

haplotype

HLA DRB1*1104, DQB1*0301 vC Italy 200 35 42 107 [138]

HLA DRB1*0101 -DQB1*0501 haplotype Viral clearance (in white subjects) USA 200 374 [77]

VP: Viral persistence; VC: Viral clearance; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; AC: Asymptomatic carriers;

LC: Liver cirrhosis.

to be associated with HCC in Italian patients[zm. It is
notable that HLLA B8-Cw7 haplotype is associated with
HBV associated liver cancer'”. In an in vitro study, HLA E
is shown to inhibit NK cell mediated lysis of HCV infected
cells via interaction with NK cell receptor NKG2A,
contributing to HCV persistence!™. HLA E expression
on hepatocytes is stabilized by recognition of HCV core
protein by HLA A2 molecules™. Increased expression
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of inhibitory receptor CD94/NKG2A on NK cells was
found in chronic hepatitis C patients and is suggested to
contribute to immune tresistance towards HCV infection
and HCV mediated cellular transformation via modulating
dendritic cell function and cytokine secretion®*"”.

HLA class I[ allele associations: HLLA DRB1*0405
and DQB1*0401/0402 alleles are associated with viral
persistence and chronic HCV infection in ]apanese[()s’m].
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Also, DRB1*¥0405-DQB1*0401/0402 haplotype”™ and
HLA B54-DRB1*0405-DQB1*0401 haplotype ate
associated with HCV induced liver injury™. In Thailand
and most European Caucasians HLA DRB1*0301,
DQB1*0201 and DQA1*0201 are found associated with
chronic HCV infection and HLLA DRB1*0701 is associated
with disease severity throughout the European populations
(Table 6). In Irish viremic females increased risk for HCV
infection related disease severity and high viral load was
associated with HLA DRB1*¥15-DQB1*0602""". In Italy
HLA DQB1*0502 and DR14 and DR 17 are associated
with risk to liver cirrhosis and progressive liver damage
respectively (Table 6).

HLA DRB1*11 alleles and DQB1*0301 is consistently
associated with decreased disease severity of Hepatitis
C worldwide (Table 7)""*"!. In French populations
DQB1*0301 is associated with viral clearance in females
and DRB1*11 with protection from disease progression in
males”*"™ for hepatitis C infection. In contrast Reno ef al™
found association of DRB1*11 with HCV clearance in
the French female gender. HLA DQB1*0301 is linked to
HCV clearance in American populations showing stronger
association with African-Americans' . Carriers of HLA
DR11 and DQB1*0301 alleles may present the HCV
epitopes more efficiently to CD4+T cells than others and
thus show efficient viral clearance!™. Viral clearance is
associated with DRB1*0101 and DQB10501 in Ametican
Caucasians and with DRB1*0101 in Irish, Saudi, and
Egyptian populations (Table 7). HLA DRB1*0101 allele
appears to have better HCV specific T cell responsel78J
DRB1*0701-DQB1*02 haplotype is associated with low
HCV viral load in Ireland”". HLA DR7 is associated
with hepatitis C disease severity in several populations
and also with HBV infection, except for in Thailand
where it is associated with HCV viral clearance along
with HLA DQA*0201. HLA DR13 is protective for
vertical transmission in infants born to HCV+ ve
Italian mothers"*'". In infants born to infected mothers
HLA DRB1*1104 is associated with seroreversion and
DRB1#1101 with viral persistenceml for HCV infection.
In Japanese and the DRB1*0901-DQB1*0303 haplotype
is related to protection from cirrhosis in hepatitis C™ and
HLA B44-DRB1*1302-DQB1*0604 and DRB1*1302-
DRB1*0604 with asymptomatic carrier phenotype!™.
HLA class Il allele associations: HLA class [l and
cytokine genes have been reported in influencing HCV
infection outcome. HLA DR3/MICA-A*4, B*18 is
increased in patients with HCC but absent in HCV
carriers'™, Single Nucleotide Polymorphism (SNP)-863A
in TNF alpha gene is associated with HCV clearance in
African American patients, while wild-type haplotype
-863C/-308G is associated with viral persistence in the
same’™, TNF alpha-308 G is found associated with HBV
persistent infection in Chinese and Koreans but its status
with American populations for HBV is not known. 1L10
ATA haplotype possibly influences HCV clearance in
Ttalians™". Positive association is reported between TNF
alpha 238.2 promoter variant and chronic active hepatitis
B and C in Germans™. In Indian (Asian) populations the
TNF-beta (A/A) allele is indicated to be associated with

. .82
disease progressmn[ 1

HLA ALLELE ASSOCIATIONS WITH
RESPONSE TO INTERFERON THERAPY IN

HEPATITIS B AND C VIRAL INFECTIONS
Interferon treatment is currently the most adopted
therapy for chronic hepatitis patients. It upregulates the
expression of HLA DR, CD80 and ICAM- [ molecules
on dendritic cells and thus augmenting the immune
response[83]. Interferon treatment for chronic HBV and
HCYV infection is successful only in one third of patients.
HIA DR locus appears to be a prominent immunogenetic
factor influencing interferon treatment response. HLA
association in independent studies on Chinese populations
has reported HLA DRB1*14 and DQA1*0501 and
DQB1*0301 to be associated with responsiveness in
chronic hepatitis B. DRB1*07 allele carriers are prevalent
among chronic hepatitis B patients and associated with
non-responsiveness to anti HBV vaccination and IFN-
alpha treatment (Tables 1, 3 and 9).

In Chinese populations DRB1*04 is associated with
non-responsiveness to interferon therapy in HCV as well
as HBV infected subjects (Table 9)***. HLA DRB1*04 is
associated with male non-responders while HLADRB1*07
1s reported for female responsiveness in Chinese patients
with chronic HCV infection™. Japanese HLA allele
associations with response to interferon treatment is
inconsistent (Table 9) and involve HLLA class [ and class II
alleles for hepatitis C. HLA A24-B54-DR4 haplotype and
HLA B54 allele are predictors of poor response to IFN
therapy in Japanese hepatitis C subjectslgéj. High serum
level of IIL10 is also suspected to result in poor response
to interferon treatment in chronic HCV cases'"”. Low
serum levels of 1L10 are associated with responsiveness to
HBYV vaccination™

In Spanish populations HLA B44 is associated with
responsiveness to interferon + ribavirin therapy but not
when interferon therapy is given alone in hepatitis C
cases. Also, HLA class [l does not influence response
to interferon treatment in this populationlsﬂ. HLA
DRB1*0404 is associated with responsiveness in the
HCV infected Caucasian population[gs]. Pickarsha e /™
did not find any association of HLA DRB1* alleles with
response to Interferon alpha 2b treatment of Polish HCV
subjects, but in other populations these alleles are reported
to influence the response (Table 9). HLA DRB1*07 is
associated with non-responsiveness for HBV and for
HCYV infected subjects from France, but is associated with
responsiveness in HCV cases from Poland and Germany
and females subjects from China (Table 9).

HILA allele association with interferon treatment
response seems to differ for chronic HBV and HCV
infections in global populations. This can be attributed
to differences in the antigenic determinants of these two
different viruses and consequently differences in the HLA
molecules involved. However associations of same HILA
allele for hepatitis B as well as C with respect to therapeutic
response or non-response, though in different population,
warrants explanation. HLA typing for interferon treatment
receiving cohorts in different population would give an
insight towards the mechanism and immune interactions
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HLA Effect Country R NR References
Hepatitis B
HLA DQA1*0501 and DQB1*0301 Responsiveness China 32 28 [85]
HLA-DRB1*14 Responsiveness China 11 24 [14]
HLA DRB1*04,DQA1*0303 Non-responsiveness China 32 28 [85]
HLA-DRB1*07 (HBV type c) Non-responsiveness China 7 [152]
HLA-DQB1*07 Low response China 11 24 [14]
Hepatitis C
Non responsiveness
HLA T HLA B54 Non responsiveness Japan 20 47 [86]
HLATI, HLA DR9 Non responsiveness Japan [153]
HLA DR6 Non responsiveness Japan 21 32 [154]
HLA DRB1*04 (males and HCV1b) Non responsiveness China 10 11 [84]
HLA B1*13 Non responsiveness Turkey [155]
DRB1*07 Non responsiveness France 50 120 [75]
Responsiveness
HLA I HLA B55, B62 and Cw3 Responsiveness Japan 54 118 [156]
HLA B51, CW1 Responsiveness Japan [153]
HLA B44 Responsiveness to Interfron + Ribavirin Spain 53 52 [87]
HLA II HLA DRB*10101 Responsiveness Japan 32 106 [157]
HLA DR6 Responsiveness Japan 21 32 [154]
HLA DRB1*07 (females and HCV 2b) Responsiveness China 10 11 [84]
HLA DR2 Responsiveness Egypt 25 30 [158]
DQB1*06(HCV genotype 1) Responsiveness France 50 120 [75]
HLA DRB1*0404 Responsiveness Canada 6 64 [88]
Haplotypes
HLA A-24-B54-DR4 Non responsiveness Japan 20 47 [86]
HLA B7-DRB10101 Responsiveness Japan 32 106 [157]
DRB1*0701-DQA1*0201-DQB1*02 Responsiveness Poland 29 26 [108]

R: Responders to Interferon therapy; NR: Non-responders to interferon therapy.

involved. Interferon therapy involves adverse effects;
HLA studies will help identifying responder/no responder
markers that would help select patients suitable for
interferon therapy.

HLA ASSOCIATIONS WITH VERTICAL
TRANSMISSION OF HEPATITIS B AND

1921
Vertical transmission from infected mothers is a major

contributor to increased HCV and HBV infection.
Genetic factors in neonates surely influence the outcome
of vertical transmission. Liu e# a/" reported HLA DR3
carriers to be at risk of vertical transmission of HBV
and DR13 carriers to be resistant in Chinese populations.
In Italian subjects, HLA DR13 (DRB1*1302) and
DRB1*1104 were reported to be protective in neonates for
vertical transmission" """, HLA DRB1*1104 is associated
with seroreversion in infants born to infected mothers but
DRB1#*1101 is associated with viral persistence in such
infants. The difference in association related to sub allelic
differences could to be due to glycine/valine dimorphism
at position 86 of the antigen binding sites of the DR B1*
molecule. HLA DRB1*86GG was associated with HCV
infected children while DRB1*86VV homozygotes were
seroconverts' . HLA-DQB1*06, -G*0105N, -Cw*0602,
DRB1*1104 and -DRB1*1302 alleles are protective while
HLA-Cw*07, -G*010401, -DRB1*0701, -DRB1*¥1401 and
homozygosity for HLA-G 14bp deletion are risk factors
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for HCV vertical transmission in Ttalian children™,

HLA ASSOCIATIONS WITH THE
EXTRA-HEPATIC MANIFESTATIONS OF
HEPATITIS B AND HEPATITIS C VIRAL

INFECTIONS

HLA associations have been described for extra-hepatic
co-morbidities triggered by HCV and HBYV infection.
HLA DQB1*0603 is associated with development of
HBYV associated membranous nephropathy in South
African black children™. HLA DRB1*11 and HLA
DRB1*1302, DQB1*¥0404, DQB1*0604 are associated
with susceptibility and protection respectively to HBV
related glomerulonephritis in Korea”!. Sebastiani ez a/™
proposed involvement of HLA DRO6 in extra hepatic
manifestation of HCV related diseases. HCV associated
oral lichen planus was reported in HLA DRG6 carriers
(DRB1*13/*14 alleles)™. HLA DRB1*13 alleles are
reported to be associated with disease severity in chronic
HCV infection in European populations[94’95]. Chronic
HCV infection also shows association between DQB1*11
and DR3 with formation of cryoglobulinsr/z]. HILA studies
in this aspect would allow finding of HLLA marker for extra
hepatic manifestations of hepatic viral infections. Such
studies may help prevent post transplantation associated
liver damage in recipients. A recent study has suggested
donor—recipient mismatch at HLA DRB1 locus and HLA
B14 to be responsible for severe fibrosis development
in the recipient[%l. The knowledge of HLA gene marker
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association with risk for HBV/HCYV related disease
progression/cirthosis may be helpful while seeking donor-
recipient HLLA match before transplantation.

Czaja et al’ have suggested that genetic predisposition,
facilitated by viral infection may trigger autoimmune
hepatitis (AIH). Similarities in HLA associations in
viral hepatitis and AIH are observed. In European
and North American Caucasians HLA DRB1*0301 is
strongly associated with AIH I 7 and in most European
population DRB1*0301 is associated with HCV persistence
(Table 6). HLA DRB1*0405 is a susceptible allele for AIH

I as well as HCV viral persistence in ]apaneselﬁg’m’m. In
Germans DRB1*07 is a risk factor for ATH [T, and is also
found associated with HCV viral persistence”™””. Such
associations require an extensive study of HILA association
in AIH and viral hepatitis patients.

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS A, D AND E VIRAL INFECTIONS
HLA restricted virus specific T cells play an essential
role in Hepatitis A related hepatocellular injury, however
limited information about the host HLLA association in
HAV infection is available. HLA-A9 was suggested to be
the susceptibility factor in Brazil during an outbreak of
hepatitis A infection”, HLA-B27"” and HLA A1, BS,
DR3"" associations with fulminant hepatitis A infection
in HCV infected patients is reported. Hepatitis A viral
infection (HAV) is suspected to trigger AIH in genetically
susceptible patients carrying HLA DRB1*0401""", Strong
association of DRB1*1301 haplotype with protracted
forms of HAV infection that further developed to AIH in
pediatric patients is reportedlmj. Extensive investigation of
HAYV infected individuals worldwide will contribute to the
limited information regarding its HLA association and its
relation to HLA associations of HBV and HCV infections.

HILA association with Hepatitis D and E is not known.
Hepatitis E causes acute infections, and Hepatitis D is
associated with Hepatitis B infection. A high risk of
chronic delta (HDV) infection in Russians is associated
with HLA-B8 and HLLA-B35, and in Kazakhs with
HLA-B35 and HLLA-D40",

R o Eom oomE oo

DISCUSSION

Extensive allele diversity is observed in HLLA associations
with susceptibility and protection regarding HCV and
HBYV infections and disease progression in different
global ethnic populations. HLA loci diversity due to
racial admixture, environment and selection pressure
and by inherent polymorphic nature results in allelic
variation in different ethnic groups, correspondingly we
get different HLA associations with disease in different
populations. Thus association of disease outcome with
HLA alleles appears to depend upon the ethnicity of the
infected individual and therefore is inconsistent across the
populations despite being robust within an ethnic group.
The specific HLA associations with HBV and HCV
infections are different, agreeing to their differences
in viral properties and disease pathogenesis, with few

exceptions where they share few HLA loci. This could be
due to linkage disequilibrium of HLA alleles with disease-
associated genes or shared HLA restricted HCV and HBV
T cell viral epitopes. It is intriguing that HLA associations
are oppositely directed and indicate interactions with other
unidentified factors in influencing the HLA mediated
immune signaling. It is also observed that HBV and HCV
infections tend to suppress each other. HBV and HDV
can suppress HCV infection and HCV and HDV can have
negative effect on HBV. HCV super infection is seen to
reduce HBsAg expression and promote its clearance!™

HLA DRY is protective for HCV infection in
]apanese[69’7“] but is a susceptible factor for chronic
HBV in Koreans and Chinese'""” (Tables 1 and 6). In a
comparative study of HBV and HCV infected subjects,
MICA (*) 015 is associated with viral clearance in case
of HCV infection but with chronic infection in case of
HBV"™, HLA Class Il HLA DRB1*11 and DQB1*0301
are protective for HCV infections, but are also associated
with chronic HBV infection. Also, HLA DQB1*0301
is associated with responsiveness to interferon therapy
in chronic HBV infection™ and also to anti HBsAg
vaccination””. Interferon treatment may activate antigen
presentation by aiding generation of more DQB1*0301
respondlng cytototxic T 1yrnphocytes and thus a protective
response’™”. Constantini e/ /' did not find any association
between HCV clearance and alpha interferon therapy with
IL1, IL10 and TNF alpha genes. This warrants further
investigation with other HLA class [l genes to know
the influence of interferon and a protective association
of HLA DQB1*0301 allele in HCV clearance. Cytokine
genes should also be investigated for any synergistic
association with any of these HLA alleles in HBV
infection. Involvement of the same alleles with different
outcomes in response to viral infection in different
population is intriguing. Collaborative studies involving
well-characterized cohorts from different populations atre
needed.

The difference in influence of HLA DRB1*11 and
DQB1*0303 in HCV and HBV infection outcome could
be due to variation in viral specific antigen presentation
and thus differences in immune responses. Investigating
the molecular mechanisms involving HLA DR*11 and
DQ*3 associated viral clearance in HCV would provide
better understanding of this aspect. Identifying HLA
DR*11 and DQ* 3 restricted viral HCV epitopes for
CD8+ cells would allow finding or designing similar HBV
specific epitopes. This can further be used therapeutically
to enhance viral clearance in HLA DR*11 and DQ*3
carrying HBV infected subjects. Investigating involvement
of shared epitopes for HBV/HCV may open up
opportunities for generating combined HBV-HCV vaccine
in the future.

Immunodominant antigenic epitopes have been
identified in HCV and they could be investigated for HLA
restricted stage specific presentation to develop HLA
specific vaccine and peptide-based immunotherapies'*”.
HLA B27 restricted HCV specific CD8+ epitope
recovered from female subjects has been identified".
Such CD8+ specific HLA restricted peptides have been
proposed as vaccine and have been shown effective against
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human metapneumovirus infection and disease in mice"”

Since immunization at present is the most effective
means of combating HBV infection, non-responders
always remain at risk of getting infected. Identifying non-
responding immunogenetic marker could help protect
non-responders by giving them alternative protective
therapy and would also permit avoiding administering
vaccine to identified non-responding groups in a given
population. Designing HLLA restricted epitope based anti-
HBYV vaccine is an alternative for non-tesponding groups.

Association of HLA DR13 alleles is protective in both
HCV and HBV infections in several populations (Tables
2 and 7) and is proposed to be involved in enhancing
immune response to various diseases . In contrast HCV
disease susceptibility and severity is linked to DR13 in
German and Polish populations”™”, though other reports
from Germany suggest its protective role (Table 7). It
is also protective in vertical transmission of HBV and
HCV infection (Tables 2 and 7). Recognizing HLLA DR13
restricted HBV and HCV T cell epitopes could lead to
identification of similar/common antigenic determinants
and open possibilities for designing a combined anti HBV-
HCYV vaccine.

HLA DRB1*07 is positively associated with severe
disease outcome in both HBV and HCV infections (Tables
1 and 6). This allele is related to non-responsiveness to
anti-HBV vaccination and interferon treatment in subjects
with chronic HBV and HCV infections (Table 9), but is
reported with responsiveness to interferon treatment in
individuals with chronic HCV infection from China and
Poland™'™. HLA B35 and B40 is associated with chronic
HBV and HCV infection in Russian populations™”, and
the authors suggest chronic hepatitis to be associated
with HLA B*35, independent of virus type. HLA B35
involvement is reported with viral persistence of HCV in
Koreans""” and of HBV in Han Chinese!”. HLA B8 is
associated with viral persistence and chronicity for both
HBV and HCV infections in Caucasian populations (Tables
1 and 6). HLA Cw*07 is a risk factor for vertical infection
in Ttalians"” and is associated with HBV related liver
cancer in Senegalese”. Such associations suggest inability
of these alleles to mount efficient immune responses for
viral clearance irrespective of the viral type and warrants
elaborate studies concentrating these alleles in several
populations, to identify predisposing genetic markers for
disease severity.

Studies focusing on viral hepatitis in the United States
(US) in American populations have suggested differences
in HLA allele association for Caucasians and African-
Americans. HBV viral persistence is associated with
HLA A*01-B*08-DRB1*03, B*44-Cw*1601 and B844-
Cw*0501 haplotype in Caucasian Americans while HLA
DQA1*0501, DQB1*0301 and DRB1*1102 haplotype
in African Americans'"'”. HLA A*0301 and HLA
DRB1*1302 is associated with HBV clearance in Caucasian
Americans, the later being associated with HBV viral
clearance in Gambian populations”™""", HCV persistence is
associated with HLA A*2301 in Caucasian Americans and
with the HLA-Cw*04 allele in both Caucasian and African
American populations. Also, two copies of HLA-Cw*04
showed stronger persistence than one copy of the allele™,
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Viral clearance showed stronger association with HLA
A*1101 and B*57 alleles in both Caucasians and African
Americans but HLA Cw*0102 showed stronger association
with viral clearance only in Caucasians™. Another study by
Thio et a/”" reported HLA DQB1*0301 to be associated
with viral clearance showing stronger associations in
African Americans than Caucasian Americans. Also HLA
DRB1*0101 and DQB1*0501 showed association with
HCV viral clearance, but only in Caucasian Americans.
No information is available on HLLA associations with
interferon treatment response and racial differences in US
American populations which needs investigation.

Variations in the immune response to viral insult
appear to be genetically inherited. Reports on HLA gene
associations with viral infections are inconsistent and
contradictory. Several factors including (1) alteration in
antigen binding affinity, (2) ineffective antigen presentation,
(3) ineffective interaction of Ag-MHC and TCRs, (4)
absence of specific T cells, (5) cytokine deficiency and
(6) inadequate complement activation may contribute to
defective/inefficient HLA mediated immune response
mechanisms and various disease manifestations. Indirect
associations of HLA in disease pathology have also been
proposed. Circulating autoantibodies against HLLA Class II
and class I molecules have been found, and may represent
autoimmune response against HLA molecules that may
induce HCV related chronic liver damage""". Complement
abnormality has been associated with several liver diseases.

Polymorphism of TNF alpha and IL.10 promoter has
been implicated to influence HBV and HCV infections
suggesting a vital role for cytokines in disease outcome.
Genes outside the major histocompatibility complex also
play a major role in determining the disease/treatment
outcome of viral hepatitis. Altered expression of CD45
isoforms influence HCV outcome in humans and
transgenic mice studies'”. NK stimulating and inhibitory
signaling receptor and HLA interaction influence viral
persistence or clearance. Association of viral persistence
and clearance is also reported with chemokine receptors’”

Due to (1) the highly polymorphic nature of HLA
genes, (2) diversity observed in genetic interactions and (3)
complexity of immune response, it has not been possible
so far to “Tag” any allele or loci as a potential candidate for
a particular disease or disease outcome. However clinical
evidence vividly indicates such associations. Thus, it is
prudent to argue that response to viral hepatitis infection
is immunogenetically governed by multiple candidate
genes (including HLA and non HLLA genes) acting either
independently or in association. HLA genes could be
directly involved or may be closely linked to genetic
markers for true susceptibility, protection and treatment
response genes.

Racial diversity, variations in the study design, methodology
and complex immune-regulatory mechanisms make it
difficult to find consistent association of HLA alleles with
a given HBV or HCV disease even in the same ethnic
group of the global population.

The host-virus interaction resulting in acute or chronic
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viral infection depends on cellular immune responses
that are regulated by the host’s HLA type and HLA
restricted viral escape mutants. Much research is required
for involving either the CD8 antigenic epitope or NK
cell (involving KIR ligands) based HLA associations
in individuals undergoing acute »s chronic infections in
different ethnic populations. Thus, novel strategies are
needed to combat the escape mechanisms utilized by
viruses in different ethnic populations.

Limited numbers of studies across various ethnic
populations have been conducted in relation to HBV
vaccination outcome or various therapeutic outcomes
against HBV or HCV infections. Thus, global network
studies will be useful for HLA disease associations in
different ethnic global populations in relation to various
therapeutic or HBV vaccination outcome and resulting
in viral clearance. Information on HLLA association with
disease outcome holds immense promise for designing
host specific therapeutic strategies. HLA studies involving
collaborative analysis of several immune regulatory host
genes including T cell repertoire variables in cohorts
from around the globe are needed to answer the puzzle
regarding various host related immunogenetic factors in
conditions resulting in varying outcomes of HBV or HCV
hepatitis infection or their co-infections.
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