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Summary

Particular alleles of human leucocyte antigen (HLA) and immunoglobulin
gamma (GM) and immunoglobulin kappa (KM) allotypes (polymorphic
determinants of IgG heavy chains and k-type light chains, respectively) are
associated with the outcome of several infections. To examine their role in the
outcome of hepatitis C virus (HCV) infection, we genotyped 50 individuals
with resolved and 117 with persistent HCV infection. None of the GM, KM or
HLA-C genotypes by themselves were associated with the resolution or persis-
tence of HCV infection. However, particular combinations of HLA and GM
genotypes were associated significantly with the outcome of HCV infection.
Subjects with the HLA C1C1 genotype, in the absence of GM ff, were more than
seven times [odds ratio (OR) 7·15] as likely to have persistent infection as the
subjects who lacked both these genotypes.The presence of GM ff, in the absence
of HLA C1C2, was associated with the resolution of infection (OR 0·27). The
absence of GM fz, in the presence of HLA C2C2, was also associated with the
resolution of infection (OR 0·27). Compared to the subjects who lacked both
these genotypes, subjects with GM fz, in the absence of HLA C1C2, were almost
four times as likely to have persistent infection (OR 3·91); similarly, subjects
with HLA C1C2, in the absence of GM fz, were almost three times as likely to
have persistent infection (OR 2·80). These results show, for the first time,
interactive effects of GM and HLA genotypes in the outcome of HCV infection.
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Introduction

Hepatitis C virus (HCV) is a common infection, affecting
over 170 million people worldwide [1]. Of people acutely
infected with HCV, about 15% clear the virus spontaneously.
Among the factors influencing the outcome of HCV infec-
tion, the host genetic factors play a major role [2,3]. We have
reported previously that particular combinations of immu-
noglobulin gamma (GM) and immunoglobulin kappa (KM)
allotypes are associated with HCV clearance and persistence
in African Americans [4]. We have also shown an association
of particular GM alleles with HCV infection in a population
from Thailand [5]. To our knowledge, the role of these genes
in the outcome of HCV infection in a Caucasian population
has not been examined. Every major race is characterized by a
distinct array of GM haplotypes. In fact,unless there is genetic
admixture, Negroid and Caucasoid populations do not share
any haplotypes [6]. KM gene frequencies, too, vary signifi-
cantly among various ethnic groups [6]. There are marked
racial differences in rates of clearance of HCV and in

responses to interferon-based therapies which may, at least in
part, be due to the host genetic differences [2,7,8]. Therefore,
it is important to examine the role of GM, KM and other
candidate genes in various ethnic groups.

The aim of the present investigation was to examine the
role of GM and KM genes in the outcome of HCV infection
in a Caucasian population. We also wished to study the role
of genetic interaction, as particular GM and HLA genes have
been shown to have an interactive effect on susceptibility to
some infectious diseases [9,10]. In this investigation we
wished to determine possible interactive effects of GM and
HLA-C genotypes, which are known to contribute to the
outcome of HCV infection [4,5,11].

Materials and methods

Subjects

A total of 117 Caucasian Spanish patients (72 males and 45
females) suffering from biopsy-proven chronic hepatitis C
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with compensated liver disease were enrolled in this study.
All patients were hepatitis B surface antigen (HBsAg) and
human immunodeficiency virus (HIV) negative, anti-HCV
positive with raised alanine aminotransferase (ALT) levels
and positive HCV RNA in serum. Anti-HCV, HBsAg and
HIV were determined by commercially available methods.
Fifty Caucasian Spanish patients (22 males and 28 females),
who were anti-HCV positive and negative for HCV RNA,
constituted the group with spontaneous viral clearance.
Our cohort was > 86% HCV genotype 1. Patients agreed to
a blood examination according to the guidelines of the
Hospital Bioethics Committee.

HLA genotyping

HLA-C locus was genotyped using the RELITM SSO HLA-C
SSP typing kit (Dynal Biotech, Bromborough, UK). Ambi-
guities were resolved by sequencing analysis. Individuals
from the different groups (persistent and resolved) were cat-
egorized in HLA-C1 and HLA-C2 according to their geno-
typing data. HLA-C1 and -C2 molecules possess asparagine
and lysine at residue 80, respectively.

GM and KM genotyping

For the determination of GM f/3 and z/17 alleles (a C to T
substitution in the CH1 region of the g1 gene), a direct DNA
sequencing method was used. The DNA segment encoding
the CH1 region of g1 chain was amplified by polymerase
chain reaction (PCR) according to Balbìn et al. [12], using
the following primers: 5′-CCCCTGGCACCCTCCTCCAA-
3′ and 5′-GCCCTGGACTGGGGCTGCAT-3′. The purified
double-stranded PCR product [364 base pairs (bp)] was
subjected to an automated DNA sequencing on an ABI
PRISM 377. (Because of complete linkage disequilibrium
between particular alleles of g loci within a race, it is not
necessary to type for all markers to postulate the most prob-
able haplotype segregating in a population. For instance,
Caucasian subjects with GMz/17 on g1 would have GM g/21
on g3.) Kappa chain determinants KM 1 and 3 were charac-
terized by a PCR-restriction fragment length polymorphism
(RFLP) technique using the following primers: 5′-TAG GGG

GAA GCT AGG AAG AAA-3′ and 5′-AAA AAG GGT CAG
AGG CCA AA-3′. After digestion of the amplified product
with the restriction enzyme Acc1, the following products
corresponding to the two alleles were detected: KM 1 (a
538 bp fragment) and KM 3 (a 390 bp and a 148 bp
fragment).

Statistical analysis

A fit to Hardy–Weinberg equilibrium was determined using
the c2 test for goodness of fit. Odds ratio (OR) and P-values
for the main and interactive effects of particular genotypes
on the outcome of HCV infection were calculated by logistic
regression, the most common method of analysing predic-
tors of a dichotomous (yes/no) outcome variable. In the
present investigation, the dichotomous outcome was defined
as resolution or persistence of HCV infection, and the prog-
nostic factors were GM, KM and HLA genotypes. All tests
were two-tailed, and the statistical significance was defined
as P < 0·05.

Results

Hardy–Weinberg equilibrium for the genotypes studied is an
important prerequisite for a sound population association
study. A significant departure from the equilibrium could
result from many factors, including genotyping errors and
population stratification. All genotype frequencies in the
present investigation were in Hardy–Weinberg equilibrium.

None of the GM or HLA-C genotypes by themselves were
associated with the resolution or persistence of HCV infec-
tion (Table 1). Also, none of the KM genotypes alone, or
when combined with GM genotypes, were associated with
the outcome of HCV infection (data not shown). Particular
combinations of HLA and GM genotypes, however, were
associated significantly with the outcome of HCV infection.
Subjects with the HLA C1C1 genotype, in the absence of GM
ff, were more than seven times [OR 7·15; 95% confidence
interval (CI) 1·54–33·20] as likely to have persistent infection
as the subjects who lacked both these genotypes (Table 2).
The presence of GM ff, in the absence of HLA C1C2, was
associated with the resolution of infection (OR 0·27; 95% CI

Table 1. Distribution of human leucocyte antigen (HLA) and immunoglobulin gamma (GM) genotypes in relation to persistence and resolution of

hepatitis C virus (HCV) infection.

Genotypes

Subjects with HCV infection

OR 95% CI P-value

Persistent

No. (%)

Resolved

No. (%)

HLA-C1C1 36 (30·8) 12 (24·0) 1·41 0·62–3·32 0·4

HLA-C1C2 67 (57·3) 27 (54·0) 1·14 0·56–2·43 0·7

HLA-C2C2 14 (12·0) 11 (22·0) 0·48 0·19–1·25 0·09

GM-ff 57 (48·7) 25 (50·0) 0·95 0·46–1·94 0·9

GM-fz 51 (43·6) 20 (40·0) 1·16 0·56–2·40 0·8

GM-zz 9 (7·7) 5 (10·0) 0·75 0·21–3·02 0·8

GM and HLA genotypes in HCV infection
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0·10–0·78) (Table 3). The absence of GM fz, in the presence
of HLA C2C2, was also associated with the resolution of
infection (OR 0·27; 95% CI 0·08–0·93) (Table 4). Simulta-
neous presence of heterozygosity at one locus and its absence
at the other locus was associated with the persistence of
infection. Thus, compared to the subjects who lacked both
these genotypes, subjects with GM fz, in the absence of HLA
C1C2, were almost four times as likely to have persistent
infection (OR 3·91; 95% CI 1·32–11·60); similarly, subjects
with HLA C1C2, in the absence of GM fz were almost three
times as likely to have persistent infection (OR 2·80; 95% CI

1·15–6·81) (Table 5). No other significant associations were
found.

Discussion

We have shown complex non-additive interactive effects of
two separate genetic regions - GM genes located on chro-
mosome 14, and HLA genes located on chromosome 6 - on
the outcome of HCV infection. There are at least two pos-
sible explanations for the associations. The GM and HLA
genes could themselves affect the outcome of HCV infection.

Table 2. Distribution of combined human leucocyte antigen (HLA) C1C1 and immunoglobulin gamma (GM) ff genotypes in relation to persistence

and resolution of hepatitis C virus (HCV) infection.

Genotypes

Subjects with HCV infection

OR 95% CI P-value

Persistent

No. (%)

Resolved

No. (%)

C1C1 (+)/ff (+) 13 (11·1) 10 (20·0) 0·81 0·30–2·14 0·668

C1C1 (+)/ff (-) 23 (19·7) 2 (4·0) 7·15 1·54–33·20 0·012

C1C1 (-)/ff (+) 44 (37·6) 15 (30·0) 1·82 0·83–3·99 0·133

C1C1 (-)/ff (-) 37 (31·6) 23 (46·0) 1·00

Table 3. Distribution of combined human leucocyte antigen (HLA) C1C2 and immunoglobulin gamma (GM) ff genotypes in relation to persistence

and resolution of hepatitis C virus (HCV) infection.

Genotypes

Subjects with HCV infection

OR 95% CI P-value

Persistent

No. (%)

Resolved

No. (%)

C1C2 (+)/ff (+) 40 (34·2) 10 (20·0) 0·97 0·34–2·74 0·953

C1C2 (+)/ff (-) 27 (23·1) 17 (34·0) 0·38 0·14–1·03 0·057

C1C2 (-)/ff (+) 17 (14·5) 15 (30·0) 0·27 0·10–0·78 0·014

C1C2 (-)/ff (-) 33 (28·2) 8 (16·0) 1·00

Table 4. Distribution of combined human leucocyte antigen (HLA) C2C2 and immunoglobulin gamma (GM) fz genotypes in relation to persistence

and resolution of hepatitis C virus (HCV) infection.

Genotypes

Subjects with HCV infection

OR 95% CI P-value

Persistent

No. (%)

Resolved

No. (%)

C2C2 (+)/fz (+) 9 (7·7) 4 (8·0) 0·85 0·24–3·03 0·800

C2C2 (+)/fz (-) 5 (4·3) 7 (14·0) 0·27 0·08–0·93 0·039

C2C2 (-)/fz (+) 42 (35·9) 16 (32·0) 0·99 0·47–2·09 0·978

C2C2 (-)/fz (-) 61 (52·1) 23 (46·0) 1·00

Table 5. Distribution of combined human leucocyte antigen (HLA) C1C2 and immunoglobulin gamma (GM) fz genotypes in relation to persistence

and resolution of hepatitis C virus (HCV) infection.

Genotypes

Subjects with HCV infection

OR 95% CI P-value

Persistent

No. (%)

Resolved

No. (%)

C1C2 (+)/fz (+) 22 (18·8) 14 (28·0) 1·27 0·50–3·21 0·611

C1C2 (+)/fz (-) 45 (38·5) 13 (26·0) 2·80 1·15–6·81 0·023

C1C2 (-)/fz (+) 29 (24·8) 6 (12·0) 3·91 1·32–11·60 0·014

C1C2 (-)/fz (-) 21 (17·9) 17 (34·0) 1·00
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Alternatively, linkage disequilibrium between particular GM
or HLA alleles and the alleles of another putative risk-
conferring locus for HCV pathogenesis may give rise to the
associations observed. Both HLA and GM genes are
endowed with certain immunological properties that make
their direct involvement in the outcome of HCV infection
likely. The HLA-C genes investigated in this report could
influence the outcome of HCV infection by regulating the
activity of natural killer (NK) cells, key players in anti-viral
immunity. The killer immunoglobulin-like receptors (KIR)
on NK cells bind their HLA-C ligands on target cells with
differential affinity. Particular allelic combinations of KIR
and HLA-C genes have been reported to be associated with
the resolution of HCV infection in one study [11], but not
confirmed in our study population reported earlier [13],
perhaps owing to the differences in KIR and HLA-C gene
frequencies in the two populations.

GM genes could contribute to the outcome of HCV infec-
tion through allotype-restricted antibody responses to the
HCV epitopes. Although GM markers are located on the
constant region, there is a growing body of evidence for
the involvement of these regions in antibody specificity
usually associated with the variable (V) region of the Ig
molecule. Possible mechanisms include direct contribution
to the formation of idiotypic determinants, modulation of
antibody binding affinity and linkage disequilibrium with
alleles coding for the V-region epitopes [14–16]. Recent evi-
dence has challenged the current central tenet of immunol-
ogy that the V region is the sole determinant of antigen
specificity [17]. GM genes could also contribute to the
outcome of HCV infection by influencing the strategies
employed by this virus to evade host immunosurveillance.
The HCV core protein and HCV nucleocapsids circulating in
HCV-infected individuals [18] have functional properties of
Fcg receptor (FcgR) that may allow them to interfere with
certain host defence mechanisms - antibody-dependent cel-
lular cytotoxicity (ADCC), cytokine release and activation of
the classical complement pathway - mediated by the Fcg
part of the anti-HCV IgG antibodies [19]. In support of this
mechanism of the involvement of GM allotypes in the
outcome of HCV infection, we have recently reported a
highly significant difference (P = 0·0003) in the binding
affinity of the HCV core protein to the IgG1 molecules
expressing two main GM haplotypes, which include the f/3
and z/17 alleles investigated here [20].

The interaction between HLA-C and GM f,z genotypes
observed here could be explained by possible modulation
of NK-dependent ADCC against HCV-infected cells by
the HLA-C molecules. Evidence for the modulation of
NK-dependent ADCC by HLA-C molecules has been pre-
sented for the human immunodeficiency virus, which uses a
sophisticated immune evasion strategy: to avoid recognition
and subsequent elimination by cytotoxic T lymphocytes, it
selectively down-regulates HLA-A and B molecules but not
HLA-C molecules, which can inhibit NK cell killing by

interacting with KIR [21]. The HCV may have evolved
similar strategies. The HCV core protein up-regulates HLA
class I molecules on liver cells [22]. Antibodies against HCV
protein E2 have been shown to mediate ADCC [23]. NK
cells express predominantly FcgRIIIa, which is genetically
polymorphic. Thus, for instance, anti-HCV-E2 IgG anti-
bodies with Fc of a particular GM genotype could associate
preferentially with the FcgRIIIa of a particular genotype [24]
and influence the destruction of HCV-infected liver cells
through ADCC, and this host defence mechanism could be
modulated by the immune evasion strategies of the virus,
such as up-regulation of NK-inhibiting HLA-C molecules
[22].

We did not find the interactive effect of GM and KM genes
on the outcome of HCV infection in Caucasians, as reported
for African Americans [4]. The reason for this ethnic differ-
ence in genetic association is not clear. Linkage disequilib-
rium between GM alleles in African Americans is different
from that in Caucasians, resulting in distinct arrays of GM
haplotypes in the two groups [6]. It follows that linkage
disequilibrium between any putative risk-conferring genes
for HCV pathogenesis and GM alleles might also be different
in the two groups, contributing to the ethnic differences in
genetic associations. Differences in allele frequencies and
linkage disequilibrium among populations originating from
different continents are well documented [25]. A very recent
study involving over 4000 genes has shown significant racial
differences in the level of gene expression, which could con-
tribute to the differences in genetic associations among
various groups [26]. It is also likely that multiple genes inter-
act to influence the outcome of HCV infection, and racial
differences in gene frequencies at these loci may contribute
to the differences in the observed associations. The results
presented here show that GM genes do contribute to the
outcome of HCV infection in Caucasians, but in this group
their influence is expressed only in the presence of certain
HLA genes.

Evidence for gene–gene interaction in infectious diseases
is growing. As the documentation of such interaction
requires a larger sample size than that needed for individual
gene effects, multi-centre studies, employing recently
implicated candidate genes, are needed to understand the
immunogenetic mechanisms underlying the resolution or
persistence of HCV infection. To our knowledge, this is the
first report of interaction between HLA and GM genotypes
in the outcome of HCV infection. The P-values for the asso-
ciations reported here were not adjusted for multiple com-
parisons, for there is strong biological rationale - based on
their immunological properties and previously published
reports - for the involvement of HLA and GM systems in the
outcome of HCV infection. Moreover, standard corrections,
such as Bonferroni’s, do more harm than good to sound
statistical inference in biomedical research [27]. Rather than
relying on the validity of statistical corrections, the best way
to determine whether our observations have a biological
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basis (and are not a result of chance occurrences) would
be to repeat these studies using an independent study
population.

Acknowledgements

This study was supported in part by NIH grant R01
DK070877 and FIS PI 04/0067. M. A. Montes-Cano is the
recipient of a fellowship from Instituto de Salud Carlos III
(04/0146). We thank Mr Keith Rocca for expert technical
assistance.

References

1 World Health Organization. Hepatitis C: global prevalence. Wkly

Epidemiol Rec 1997; 72:341–8.

2 Huang Y, Yang H, Borg BB et al. A functional SNP of interferon-g
gene is important for interferon-a-induced and spontaneous

recovery from hepatitis C virus infection. Proc Natl Acad Sci USA

2007; 104:985–90.

3 Lloyd AR, Jagger E, Post JJ et al. Host and viral factors in the

immunopathogenesis of primary hepatitis C virus infection.

Immunol Cell Biol 2007; 85:24–32.

4 Pandey JP, Astemborski J, Thomas DL. Epistatic effects of immu-

noglobulin GM and KM allotypes on outcome of infection with

hepatitis C virus. J Virol 2004; 78:4561–5.

5 Vejbaesya S, Tanwandee T, Pandey JP. Immunoglobulin GM and

KM genotypes in hepatitis C virus infection. J Med Virol 2004;

73:384–6.

6 Steinberg AG, Cook CE. The distribution of human immunoglo-

bulin allotypes. New York: Oxford University Press, 1981.

7 Cheng PN, Marcellin P, Bacon B et al. Racial differences in

responses to interferon-beta-1a in chronic hepatitis C unresponsive

to interferon-alpha: a better response in Chinese patients. J Viral

Hepat 2004; 11:418–26.

8 Thomas DL, Astemborski J, Rai RM et al. The natural history of

hepatitis C virus infection: host, viral, and environmental factors.

JAMA 2000; 284:450–6.

9 Granoff DM, Boies E, Squires J et al. Interactive effect of genes

associated with immunoglobulin allotypes and HLA specifi-

cities on susceptibility to Haemophilus influenzae disease.

J Immunogenet 1984; 11:181–8.

10 Petersen GM, Silimperi DR, Rotter JI et al. Genetic factors in

Haemophilus influenzae type b disease susceptibility and antibody

acquisition. J Pediatr 1987; 110:228–33.

11 Khakoo SI, Thio CL, Martin MP et al. HLA and NK cell inhibitory

receptor genes in resolving hepatitis C virus infection. Science

2004; 305:872–4.

12 Balbín M, Grubb A, Abrahamson M, Grubb R. Determination of

allotypes G1m(f) and G1m(z) at the genomic level by subclass-

specific amplification of DNA and use of allele-specific probe. Exp

Clin Immunogenet 1991; 8:88–95.

13 Montes-Cano MA, Caro-Oleas JL, Romero-Gomez M et al. HLA-C

and KIR genes in hepatitis C virus infection. Hum Immunol 2005;

66:1106–9.

14 Morahan G, Berek C, Miller JFAP. An idiotypic determinant

formed by both immunoglobulin constant and variable regions.

Nature 1983; 301:720–2.

15 Moxley G, Gibbs RS. Polymerase chain reaction-based genotyping

for allotypic markers of immunoglobulin kappa shows allelic

association of Km with kappa variable segment. Genomics 1992;

13:104–8.

16 Pritsch O, Hudry-Clergeon G, Buckle M et al. Can immunoglobu-

lin CH1 constant region domain modulate antigen binding affinity

of antibodies? J Clin Invest 1996; 98:2235–43.

17 Torres M, Fernandez-Fuentes N, Fiser A, Casadevall A. The immu-

noglobulin heavy chain constant region affects kinetic and thermo-

dynamic parameters of antibody variable region interactions with

antigen. J Biol Chem 2007; 282:13917–27.

18 Maillard P, Krawczynski K, Nitkiewicz J et al. Nonenveloped

nucleocapsids of hepatitis C virus in the serum of infected patients.

J Virol 2001; 75:8240–50.

19 Maillard P, Lavergne JP, Siberil S et al. Fcg receptor-like activity of

hepatitis C virus core protein. J Biol Chem 2004; 279:2430–7.

20 Namboodiri AM, Budkowska A, Nietert PJ, Pandey JP. Fcg
receptor-like hepatitis C virus core protein binds differentially

to IgG of discordant Fc (GM) genotypes. Mol Immunol 2007;

44:3805–8.

21 Ward JP, Bonaparte MI, Barker E. HLA-C and HLA-E reduce

antibody-dependent natural killer cell-mediated cytotoxicity of

HIV-infected primary T cell blasts. AIDS 2004; 18:1769–79.

22 Herzer K, Falk CS, Encke J et al. Upregulation of major histocom-

patibility complex class I on liver cells by hepatitis C virus core

protein via p53 and TAP1 impairs natural killer cell cytotoxicity.

J Virol 2003; 77:8299–309.

23 Nattermann J, Schneiders AM, Leifeld L et al. Serum antibodies

against the hepatitis C virus E2 protein mediate antibody-

dependent cellular cytotoxicity (ADCC). J Hepatol 2005; 42:499–

504.

24 Pandey JP. Genetic polymorphism of Fc. Science 2006; 311:1376–7.

25 Goddard KA, Hopkins PJ, Hall JM, Witte JS. Linkage disequilib-

rium and allele-frequency distributions for 114 single-nucleotide

polymorphisms in five populations. Am J Hum Genet 2000;

66:216–34.

26 Spielman RS, Bastone LA, Burdick JT, Morley M, Ewens WJ,

Cheung VG. Common genetic variants account for differences in

gene expression among ethnic groups. Nat Genet 2007; 39:226–31.

27 Perneger TV. What’s wrong with Bonferroni adjustments. BMJ

1998; 316:1236–8.

J. P. Pandey et al.

522 © 2007 The Author(s)
Journal compilation © 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 518–522


