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Abstract

Chronic hepatitis B virus (HBV) infection can cause a broad
spectrum diseases, including from asymptomatic HBV carriers
or cryptic hepatitis, to acute hepatitis, chronic hepatitis, Liver
cirrhosis and primary hepatocellular carcinoma. The variable
pattern and clinical outcome of the infection were mainly
determined by virological itself factors, host immunological
factors and genetic factors as well as the experimental
factors. Among the human genetic factors, major candidate
or identified genes involved in the process of HBV infection
fall into the following categories: (1) genes that mediate
the processes of viral entry into hepatocytes, including genes
involved in viral binding, fusion with cellular membrane and
transportation in target cells; (2) genes that modulate or
control the immune response to HBV infection; (3) genes
that participate in the pathological alterations in liver tissue;
(4) genes involved in the development of liver cirrhosis and
hepatocellular carcinoma associated with chronic HBV
infection, including genes related to mother-to-infant
transmission of HBV infection; and (5) those that contribute
to resistance to antiviral therapies. Most of the reports of
human genes associated with HBV infection have currently
focused on HLA associations. For example, some investigators
reported the association of the HLA class 1l alleles such as
DRB1*1302 or HLA-DR13 or DQA1*0501-DQB1*0301-
DQB1*1102 haplotypes with acute and/or chronic hepatitis
B virus infection, respectively. Several pro-inflammatory
cytokines such as Thl cytokines (including IL-2 and IFN-g)
and TNF-a have been identified to participate the process
of viral clearance and host immune response to HBV. In
contrast, the Th2 cytokine IL-10 serves as a potent inhibitor
of Thl effector cells in HBV diseases. The MBP polymorphisms
in its encoding region were found to be involved in chronic
infection. Thus, reports from various laboratories have shown
some inconsistencies with regard to the effects of host
genetic factors on HBV clearance and persistence. Since
genetic interactions are complex, it is unlikely that a single
allelic variant is responsible for HBV resistance or
susceptibility. However, the collective influence of several
single nucleotide polymorphisms (SNPs) or haplotype (s)
may underlie the natural combinational or synergistic
protection against HBV. The future study including the multi-
cohort collaboration will be needed to clarify these preliminary
associations and identify other potential candidate genes.
The ongoing study of the distributions and functions of the
implicated allele polymorphisms will not only provide insight

into the pathogenesis of HBV infection, but may also provide
a novel rationale for new methods of diagnosis and
therapeutic strategies.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is one of the most
common infectious diseases and leads to high morbidity and
mortality due to the development of liver cirrhosis (LC) and
hepatocellular carcinomas (HCC). It is estimated that HBV is
present in areservoir of more than 130 million chronic carriers,
representing more than 10 % of Chinese populationt¥. In
particular, more than 23 million of Chinese HBV-infected
subjects clinically manifest liver damage with abnormally
elevated ALT levelsand HBV active replication. Generally,
exposure to HBV can cause a broad spectrum ranging from no
infection to different clinical conditiond?. What produces the
individual or ethnic differences in infection, severity, and
outcome? The reasons for this variation in the natural history
of HBV infection are not fully understood, but are
environmental factors and thefollowing: (1) Virological factors
such asviral load, genotype, and genetic divergence due to
viral gene mutations. HBV mutates very rapidly and uses high
genetic variability as an effective mechanism for escaping the
host immune response. (2) Immunological factorsincluding
the innate and adaptive immune responses against viral
infection, which play important roles in modulating both the
antiviral immune response and host susceptibility to HBV. The
rapid mutationsin HBV epitopes recognized by HBV -specific
CTLsmay cause both humoral and cell-mediated virus-specific
immune responses to quickly lose their ability to efficiently
control the virug*9. (3) The host genetic factors are believed
to be responsible for clinical outcomes of many infectious
diseases®.

Inthelast decade, the virological and immunological factors
of HBV have been extensively studied, but the examination of
the relationship between host genetics and HBV resistanceis
gtill inits infancy!*>*4. Therefore, this review focuses on the
recent progress in study of human genetic alleles associated
with chronic HBV infection, and discuss the unanswered
questions and future directions in this field.

HOST GENETIC FACTORS INVOLVED IN HBV INFECTION

HBV -infected subjects generally fall into one of the following
clinical types: (1) asymptomatic HBV carriers and cryptic
hepatitis; (2) acute hepatitis; (3) chronic hepatitis; (4) liver
cirrhosis with or without decompensated liver failure; and (5)
primary hepatocellular carcinoma associated with HBV
infection>*¥, However, the pattern and clinical outcome of
the infection are highly variable. Why is this? Previous
epidemiological investigation in humans suggests that thereis
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a strong genetic component to affect the individual

susceptibility to infectious pathogens*#+¢, although to date,

no single allele has not been clearly associated with HBV
persistence or disease severity. However, the following reflects
individual and ethnic differencesin responseto HBV infection.

(2) Infection with the same HBV virus has been found to cause
various clinical outcomes in patients. In adults suffering
from primary HBV infection, 90-95 % of the subjects can
successfully clarify the virus through self-limiting hepatitis
and only 5-10 % of adults become chronic HBV carrierg*”.
Among the chronically infected subjects, 20-30 % lead to
liver cirrhosis and -5 % develop hepatocellular carcinoma
through a long-term disease progression. Of teen-ager
subjects that acquire HBV infection from either perinatal
or horizontal transmission, more than 90 % develop chronic
infection. In China, mother-to-child transmission of HBV
was once a common source of chronic infection.

(2) The long-term follow-up studies indicate that some
individuals in high-risk groups (e.g. spousesin HBV-
infected families) never develop the disease. This suggest
the existence of an individual-specific resistance to HBV
infectionl*3,

(3) There is adifferent incidence and infection rate among
global ethnic groups. HBV infection is significantly
endemic in Asia and Africa, and there is a significantly
higher incidence of chronic HBV infection in Chinese
compared to Caucasians?®®.,

(4) In clinic, HBV-infected individual s may display complete,
partial or no response to interferon-a or Lamivudine
antiviral therapy alone or in combination.

(5) Around 85 % of hedthy subjects can produce the efficient
protective anti-HBsAg antibody upon the HBV vaccination,
while remaining fail.

The above-mentioned data suggests that the knowledge of
understanding human genetic factorsmay provide critical clues
not only to the ethnic diversity of HBV infection, but also to
the issue of disparity in therapeutic response'®. The human
genome project has indicated that there are approximately
thirty-five thousand genesin the human genome. Many of these
alleles contain polymorphisms such as single nucleotide
polymorphisms (SNPs) within the encoding or flanking regions.
It is estimated that there are 3.5 million SNPs within human
genome and there are likely to explain much of the genetic
diversity of individuals and ethnic groups™3. If a specific SNP
version is associated with afavorable outcome and low risk of
progression of HBV infection and liver disease, the allele may
be considered an * HBV resistant’ allele. Conversaly, aversion
of the SNP that confers an unwanted HBV phenotype (quick
disease progression or high risk of severe infection) may be
caleda‘' HBV susceptible’ allele. Current research isfocusing
on the hunt and identification for these alleles.

SELECTION OF CANDIDATE ALLELES

Two strategies are currently used in the study involving genetic
markers associated with disease phenotypes. The candidate
gene method is the typing of markers located near genes that
could be chemically related to the disease in question!?”.
Conversely, agenome-wide search scans markers throughout
the whole genome in search of chromosomal regionsthat could
be associated with disease susceptibility or resistance. The
choice of candidate genes for the first method is strongly
determined by the function (or putative function) of the gene
and its possible rolein the host response to HBV infection and
disease progression. Major genes involved in the process of
HBYV infection can beidentified by characterizing host response
to HBV exposure such asclinical response, biological response
(intensity of infection), and immunological response (levels

of antibodies, cytokines or cell-mediated response against
HBV)1, These biological processes may then suggest genes
of interest for screening. Many of the candidate genesfall into
the following categories: (1) genes that mediate the processes
of viral entry into hepatocytes, including genesinvolved in
viral binding, fusion with cellular membrane and transportation
in target cells; (2) genes that modulate or control the immune
response to HBV infection; (3) genes that participate in the
pathological alterationsin liver tissue; (4) genesinvolved in
the development of liver cirrhosisand hepatocellular carcinoma
associated with chronic HBV infection, including genesrelated
to mother-to-infant transmission of HBV infection; and (5)
those that contribute to resistance to antiviral therapies'®®,
Thisstudy istill initsearly stages, and much more remainsto
be done on candidate genes, including the clarification of
sequence, identification of mutant SNPs, functional evaluation
of SNPs, and evauation of their association with diseases.

ADVANCES ASSOCIATED WITH INDIVIDUAL GENETIC

SUSCEPTIBILITY TO HBV INFECTION

Some candidate gene work has been completed at this time.
Since both chemokine receptor and HLA genes play critical
rolesin host immune responseto vira infection, they areamong
the first HBV candidate genes screened.

HLA class | and Il alleles

The genesfor HLA class| (HLA-A, -B, and -C) and class 1
(HLA-DRB1, -DQA1, -DQB1, -DPA1, and -DPBL1) arelocated
on the short arm of chromosome 6. As the primary modul ator
of host immune response, the HLA molecules present foreign
antigens to both the CD4+ T lymphocytes and the CD8+
cytolytic T cells, leading to both humoral and cell-mediated
immune response. The mgjority of the human genetic studies
associated with HBV infection has focused on HLA
associations?y. Thursz et alinvestigated a large cohort of
pediatric patients from Gambia and identified the association
of the HLA class Il allele DRB1*1302 with a self-limiting
course of acute hepatitis B[22, Hohler et al*”. confirmed the
effect of DBR1*1302 in Gambian adults that seemed to clear
the HBV infection in vivo. Thio et al!®! examined the
DQA1*0501, DQB1*0301 and DQA1-DQB1 haplotypes and
found the haplotype cluster of DQA1*0501-DQB1*0301-
DQB1*1102 had a significant association with viral
persistence. However, Zavaglia et al reported that no
correlation could be observed between the clearance of HBV
or HCV virusand HLA phenotypes?. Recently, Diepolder et
al reported that HLA-DR13 dleleis less frequent in patients
with chronic hepatitis B than in healthy controls or subjects
with a self-limiting hepatitis B!?%. Additional study has
confirmed astrong association between the HLA class|| dlele
DR13 and a salf-limiting course of acute HBV infection. Rapid
progression to chronic hepatitis B is rare in these patients,
suggesting that patients with HLA-DR13 can mount a more
vigorous CD+ T cell response to HBV core antigen during
acute HBV infection. Thebeneficia effect of HLA-DR13 dllele
on the outcome of HBV infection may either be the result of
more proficient antigen presentation by the HLA-DR13
molecules themselves or of a linked polymorphism in a
neighboring immunoregulatory gene. To date, no associations
between HLA class| alelesand the viral persistence or disease
progression in HBV -infected patients was found, though class
I molecule mediates the cytotoxic T lymphocyte (CTL)
response through the cytolytic and noncytolytic mechanismg®.
Future studies have to investigate whether one of these
polymorphisms or ayet unidentified immunoregulatory gene
is possibly associated with amore successful immune response
against HBV?#7,
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Cytokine and chemokines

Sinceindividual variation in cytokine release is predominantly
caused by polymorphisms near or within the genes'?29,
heterogeneity of the candidate gene in HBV-infected patients
serves as a probable biomarker for influence the disease
phenotypes. Severa pro-inflammatory cytokines such as Thl
cytokines(including IL-2 and IFN-g) and tumor necrosisfactor-
alpha (TNF-a) have been identified as participating in the vira
clearance and the host immune response to HBV. In contrast,
the Th2 cytokine IL-10 serves as a potent inhibitor of Thl
effector cellg*.

Tumor necrosis factor (TNF)-a is an important cytokine
involved in noncytotoxic antiviral mechanismgsY. This gene
islocated within the class 111 region of the MHC complex and
has five polymorphisms in its promoter region, located at
positions -1031(T/C), -863(C/A), -857(C/T), -308(G/A) and -
238(G/A) respectively [negative numbers represent number
of bases upstream from the transcription initiation site]52%,
Miyazoe et al reported the TNF-a gene promoter
polymorphismswere not linked to disease progression in HBV
carriersin Japan®?, however both Hohlert®3 found that the
two polymorphisms such as -308(G/A) and -238(G/A) were
significantly associated with HBV or HCV persistence in
patients. It is thought that the polymorphism influences the
expression of TNF-a, which may block HBV gene expression.
Similar to TNF-a, IFN-gclears HBV in vivo by anoncytolytic
effect. Hoffmann et al*®. showed that the Asian population
contains more | FN-g genotypes that result in low expression
than do Caucasian populations, which suggests the possibility
of an association between low IFN-gexpression in the highly
HBV -susceptible Asian population.

The promoter region of |L-10 gene contains three SNPs at
position -1082 (A/G), -819 (T/C), and -592 (A/C), which may
assort into three different haplotypes®. Miyazoe et al analyzed
the distributions of TNF-a and IL-10 promoter SNPs in
Japanese HBV-infected petitents and found that the -819T and
-592A wild-type allelesin the IL-10 gene promoter were
significantly more common in asymptomatic carriers than in
patients with chronic progressive liver diseases®, suggesting
that inheritance of the IL-10 gene promoter polymorphismsis
relevant to progression in chronic HBV infection, perhapse
due to decreased I1L-10 production induced by -819T and -
592A haplotype alele.

Mannose binding protein (MBP)

MBP is a calcium-dependent opsonin that plays an important
rolein innate immunity by activating the classical complement
pathway and phagocytosis. There are three identified
polymorphismsin the MBP gene encoding region (in codons
54, 57 and 52), leading to low serum concentrations and thus
abolishing its ability to affect host immunity because of an
opsonic defect. The middle surface protein of HBV viral
envelope contains a mannose-rich oligosaccharide to which
MBP could potentially bind. Thomas et al showed that 27 %
of Caucasian patients chronically infected with HBV were
homozygous or heterozygous for the codon 52 mutant allele
whereas only 11 % of patients with acute infection and 4 % of
controls carried the wild type allele, which suggests that the
codon 52 mutant gene has been associated with persistence of
HBYV infection®. The higher frequency of the codon 52
mutation among the HBV patients than among controls is
probably consistent with the fact that the mutation leadsto the
failure of opsonisation and phagocytosisof HBV. Y uen et al*,
reported that the codon 54 mutation was associated with
symptomatic persistent viral infection in Chinese patients. In
German Caucasians and Gambians, these M BP polymorphisms
were not associated with chronic infectioni?,

Vitamin D receptor, cytochrome P450 and Complement four
associated with HBV infection

The active form of vitamin D is an immunomodulatory
hormone that inhibits the Th1 response and activates the Th2
immune reaction. Bellamy et al. studied two known Vitamin
D receptor gene polymorphisms in Gambian HBV -infected
patients and found that the tt genotype of one polymorphism
was associated with viral clearance®t.

Thusfar, reports from various laboratories have shown some
inconsi stencieswith regard to the effects of host genetic factors
on HBV clearance and persistence. This ambiguity may be
attributable to one or more of the following reasons: (1) a
complex interaction between thevirus and host multiple aleles;
(2) the ethnic differences in the studied groups; (3) an
association with agenein linkage disequilibrium with an HLA
alele. Therefore, aglobal multicort studies may be needed to
integrate the genetic data and the clinical data for fully
clarification of underlying immunogenetic pathogenesis of
HBV infection. In addition, further candidate genes must be
identified and screened for associated polymorphisms.

PROSPECT FOR STUDY OF HBV RESISTANCE ALLELES

A growing body of evidence related to the genetic effects on
infectious diseases has shown only afraction of thetotal picture.
The most successful example is the identification of CCR5
delta32 allelein HIV-1 infection’®3. Since genetic interactions
are complex, it is unlikely that a single allelic variant is
responsible for HBV resistance or susceptibility!“l. However,
the collective influence of several SNPs or haplotype(s) may
exert the natural combinational or synergistic protection against
HBV . Recently devel oped genetic epidemiol ogy strategiesand
dense genome-wide search, together with the growing
availability of candidate alleles and suquence information
supply abasic platform for identifying genes associated in HBV
infection. These investigations will depend on the interactions
of many different factors including the viral phenotypes,
population traits, accurate measurement of environmental
factors, and previous knowledge. Genetic resistance to HBV -
induced persistent hepatitisislikely to involve acomplex array
of host genetic effects involving multiple variants and
haplotypes. Because of this, future study including the
multicohort collaboration will be needed to clarify these
preliminary associations and identify other potential candidate
genes?’. In addition, it will be necessary to functionally
characterize the identified associated genes, such as versions
of HLA molecules and MBP, and see whether the mutations
have functional significancein termsof individual susceptibility
to HBV infection. The ongoing study of the distributions and
functions of the implicated allele polymorphismswill not only
provide insight into the pathogenesis of HBV infection, but
may also provide a novel rationale for new methods of
diagnosis and therapeutic strategies*.

REFERENCES

1  Gu CH, Luo KX. Hepatitis B: Basic biology and clinical science.
Second edition. Beijing, People’s Medical Publishing House 2001:
1-6

2 lino S. Natural history of hepatitis B and C virus infections. On-
cology 2002; 62(Suppl 1): 18-23

3 Luo KX. Hepatitis B: Basic biology and clinical science. Second
edition. Beijing, People’s Medical Publishing House 2001: 56-70

4 Ferrari C. Hepatitis B virus immunopathogenesis. Annu Rev
Immunol 1995; 13: 29-60

5  Guidotti LG, Chisari FV. Noncytolytic control of viral infections
by the innate and adaptive immune response. Annu Rev Immunol
2001; 19: 65-91

6  Abel L, Dessein Al. The impact of host genetics on susceptibility



644 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

to human infectious diseases. Curr Opin Immunol 1997; 9: 509-516
McNicholl J. Host genes and infectious diseases. Emerg Infect Dis
1998; 4: 423-426

McNicholl JM, Cuenco KT. Host genes and infectious diseases.
HIV, other pathogens, and a public health perspective. AmJ Prev
Med 1999; 16: 141-154

McGuire W, Hill AV, Allsopp CE, Greenwood BM, Kwiatkowski
D. Variation in the TNF-alpha promoter region associated with
susceptibility to cerebral malaria. Nature 1994; 371: 508-510
Dean M, Carrington M, O”Brien SJ. Balanced polymorphism se-
lected by genetic versus infectious human disease. Annu Rev
Genomics Hum Genet 2002; 3: 263-292

Hill AV. Host genetics of infectious diseases: old and new ap-
proaches converge. Emerg Infect Dis 1998; 4: 695-697

Hill AV. The immunogenetics of human infectious diseases. Annu
Rev Immunol 1998; 16: 593-617

Thio CL, Thomas D L, Carrington M. Chronic viral hepatitis and
the human genome. Hepatology 2000; 31: 819-827

Kwiatkowski D. Genetic dissection of the molecular pathogen-
esis of severe infection. Intensive Carc Med 2000; 26(Suppl 1): S89-97
Weatherall D, Clegg J, Kwiatkowski D. The role of genomics in
studying genetic susceptibility to infectious disease. Genome Re-
search 1997; 7: 967-973

Powell EE, Edwards-Smith CJ, Hay JL, Clouston AD, Crawford
DH, Shorthouse C, Purdie DM, Jonsson JR. Host genetic factors
influence disease progression in chronic hepatitis C. Hepatology
2000; 31: 828-833

Hohler T, Gerken G, Notghi A, Lubjuhn R, Taheri H, Protzer U,
Lohr HF, Schneider PM, Meyer zum Buschenfelde KH, Rittner
C. HLA-DRB1*1301 and *1302 protect against chronic hepatitis
B. J Hepatol 1997; 26: 503-507

Hoffmann SC, Stanley EM, Cox ED, DiMercurio BS, Koziol DE,
Harlan DM, Kirk AD, Blair PJ. Ethnicity greatly influences cytokine
gene polymorphism distribution. Am J Transplant 2002; 2: 560-567
Knolle PA, Kremp S, Hohler T, Krummenauer F, Schirmacher P,
Gerken G. Viral and host factors in the prediction of response to
interferon-alpha therapy in chronic hepatitis C after long-term
follow-up. J Viral Hepat 1998; 5: 399-406

Abel L, Dessein Al. Genetic epidemiology of infectious diseases
in humans: design of population-based studies. Emerg Infect Dis
1998; 4: 593-603

Almarri A, Batchelor JR. HLA and hepatitis B infection. Lancet
1999; 344: 1194-1195

Zavaglia C, Bortolon C, Ferrioli G, Rho A, Mondazzi L, Bottelli
R, Ghessi A, Gelosa F, lamoni G, Ideo G. HLA typing in chronic
type B, D and C hepatitis. J Hepatol 1996; 24: 658-665

Thursz MR, Kwiatkowski D, Allsopp CE, Greenwood BM, Tho-
mas HC, Hill AV. Association between an MHC class |1 allele
and clearance of hepatitis B virus in the Gambia. N Engl J Med
1995; 332: 1065-1069

Thursz MR. Host genetic factors influencing the outcome of
hepatitis. J Viral Hepat 1997; 4: 215-220

Thio CL, Carrington M, Marti D, O”Brien SJ, Vlahov D, Nelson
KE, Astemborski JA, Thomas DL. Class Il of HLA alleles and
hepatitis B Virus persistence African Americans. J Infect Dis 1999;
179: 1004-1006

Diepolder HM, Jung MC, Keller E, Schraut W, Gerlach JT, Gruner
N, Zachoval R, Hoffmann RM, Schirren CA, Scholz S, Pape GR.
A vigorous virus-specific CD4+ T cell response may contribute
to the association of HLA-DR13 with viral clearance in hepatitis
B. Clin Exp Immunol 1998; 113: 244-251

Ahn SH, Han KH, Park JY, Lee CK, Kang SW, Chon CY, Kim YS,
Park K, Kim DK, Moon YM. Association between hepatitis B vi-
rus infection and HLA-DR type in Korea. Hepatology 2000; 31:
1371-1373

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Westendorp RG, Langermans JA, Huizinga TW, Verweij CL,
Sturk A. Genetic influence on cytokine production in meningo-
coccal disease. Lancet 1997; 349: 1912-1913

van Deventer SJ. Cytokine and cytokine receptor polymorphisms
in infectious disease. Intensive Care Med 2000; 26(Suppl 1): S98-102
Fiorentino DF, Zlotnik A, Vieira P, Mosmann TR, Howard M,
Moore KW, O”Garra A. IL-10 acts on the antigen-presenting cell
to inhibit cytokine production by Th1 cells. J Immunol 1991; 146:
3444-3451

Knight JC, Kwiatkowski D. Inherited variability of tumor necro-
sis factor production and susceptibility to infectious disease. Proc
Assoc Am Physicians 1999; 111: 290-298

Hajeer AH, Hutchinson IV. TNF-alpha gene polymorphism:
clinical and biological implications. Microsc Res Tech 2000; 50:
216-228

Higuchi T, Seki N, Kamizono S, Yamada A, Kimura A, Kato H,
Itoh K. Polymorphism of the 5”-flanking region of the human
tumor necrosis factor (TNF)-alpha gene in Japanese. Tissue Anti-
gens 1998; 51: 605-612

Miyazoe S, Hamasaki K, Nakata K, Kajiya Y, Kitajima K, Nakao
K, Daikoku M, Yatsuhashi H, Koga M, Yano M, Eguchi K. Influ-
ence of interleukin-10 gene promoter polymorphisms on disease
progression in patients chronically infected with hepatitis B virus.
Am ] Gastroenterol 2002; 97: 2086-2092

Hohler T, Kruger A, Gerken G, Schneider PM, Meyer zum
Buschenefelde KH, Rittner C. A tumor necrosis factor-alpha (TNF-
alpha) promoter polymorphism is associated with chronic hepa-
titis B infection. Clin Exp Immunol 1998; 111: 579-582

Hohler T, Kruger A, Gerken G, Schneider PM, Meyer zum
Buschenfelde KH, Rittner C. Tumor necrosis factor alpha pro-
moter polymorphism at position -238 is associated with chronic
active hepatitis C infection. J Med Virol 1998; 54: 173-177
Edwards-Smith CJ, Jonsson JR, Purdie DM, Bansal A, Shorthouse
C, Powell EE. Interleukin-10 promoter polymorphism predicts
initial response of chronic hepatitis C to interferon alfa. Hepatology
1999; 30: 526-530

Thomas HC, Foster GR, Sumiya M, Mclntosh D, Jack DL, Turner
MW, Summerfield JA. Mutation of gene of mannose-binding pro-
tein associated with chronic hepatitis B viral infection. Lancet 1996;
348:1417-1419

Yuen MF, Lau CS, Lau YL, Wong WM, Cheng CC, Lai CL. Man-
nose binding lectin gene mutations are associated with progres-
sion of liver disease in chronic hepatitis B infection. Hepatology
1999; 29: 1248-1251

Hohler T, Wunschel M, Gerken G, Schneider PM, Meyer zum
Buschenfelde KH, Rittner C. No association between mannose-
binding lectin alleles and susceptibility to chronic hepatitis B Vi-
rus infection in german patients. Exp Clin Immunogenet 1998; 15:
130-133

Bellamy R, Hill AV. Genetic susceptibility to mycobacteria and
other infectious pathogens in humans. Curr Opin Lmmunol 1998;
10: 483-487

Dean M, Carrington M, Winkler C, Huttley GA, Smith MW,
Allikmets R, Goedert JJ, Buchbinder SP, Vittinghoff E, Gomperts
E, Donfield S, Vlahov D, Kaslow R, Saah A, Rinaldo C, Detels R,
O’Brien SJ. Genetic restriction of HIV-1 infection and progres-
sion to AIDS by a deletion allele of the CKR5 structural gene.
Hemophilia Growth and Development Study, Multicenter AIDS
Cohort Study, Multicenter Hemophilia Cohort Study, San Fran-
cisco City Cohort, ALIVE Study. Science 1996; 273: 1856-1862
Griffiths PD. Interactions between viral and human genes. Rev
Med Virol 2002; 12: 197-199

Dean M, Carrington M, O”Brien SJ. Balanced polymorphism se-
lected by genetic versus infectious human disease. Annu Rev
Genomics Hum Genet 2002; 3: 263-292

Edited by Ren SY



