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INTRODUCTION

Studies of the association between genetic factors
and predisposition to various diseases have identified
the genetic status of the macroorganism as an impor-
tant factor in individual response to viral infection.
Polymorphic variants of some genes have been asso-
ciated with predisposition to AIDS (

 

CCR5

 

), tuberculo-
sis (

 

HLA-DR

 

, 

 

NRAMP1

 

,

 

 and 

 

VDR

 

), leprosy (

 

HLA-DR

 

and 

 

TNF

 

), malaria (

 

DARC

 

, 

 

G6PD

 

,

 

 and 

 

iNOS

 

), leishma-
niasis (

 

TNF

 

), and pneumococcal infection (the
C-reactive protein gene) [1–7]. One of the most press-
ing problems is identification of the genetic determi-
nants that affect susceptibility, individual features of
disease progression, and the outcome in viral hepati-
tis. This problem is of immense importance because
hepatitis is widespread, has a progressive course, and
leads to severe complications such as hepatic cirrhosis
and hepatocellular carcinoma [8]. According to the
WHO, the cohort infected with the hepatitis C virus
increased to 3% of the global population (200 million
people) in the 15 years that elapsed after the virus was
first described; the incidence of this disease is still
increasing. In Russia, more than 1.1 million people
were diagnosed for the first time as carriers of the hep-

atitis B and hepatitis C viruses between 2000 and
2003 [9].

In view of the above, attention now focuses on the
cytokine genes, which play a major role in the devel-
opment and regulation of defense mechanisms. Infec-
tion with the hepatitis virus activates both Th1 and
Th2 cells; their ratio observed at the early stage of the
disease affects the outcome [10]. The cytokine-secret-
ing activity of Th1 cells dominates in patients recov-
ering from acute hepatitis. When the virus persists and
infection becomes chronic, predominance is observed
for Th2 cells (IL-4, IL-5, and IL-10), which have an
anti-inflammatory activity and are involved in regen-
eration and fibrogenesis [11].

Various, including viral, diseases of the liver are
accompanied by an increase in serum IL-4 [12]. IL-4
acts as a T-cell growth factor, provides the major sig-
nal for differentiation of CD4

 

+

 

 T cells into Th2 cells,
affects antibody production, restricts generalization
and intensity of inflammation, and stimulates fibro-
blasts [12]. As a result, IL-4 is potentially capable of
regulating the fibrogenic activity.

The key role in the function of IL-4 is played by its
receptor (IL-4R), which is present on IL-4 target cells
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Abstract

 

—The Ile50Val polymorphism of the 

 

IL4RA

 

 gene was tested for association with chronic viral hepa-
titis and the character of its progression (the stage of hepatic fibrosis). In total, 61 patients were examined. The
control group was a random sample of Tomsk residents (

 

N

 

 = 128). Genotyping was based on RFLP analysis.
The allele and genotype frequencies of the Ile50Val polymorphism did not significantly differ between the
patients and the controls. However, a significant difference in genotype frequency distribution was observed for
the patients with different stages of hepatic fibrosis. The frequency of heterozygotes Ile/Val in patients without
signs of fibrosis was lower than in the control group (7.1% vs. 51.6%, 

 

P

 

 = 0.002), while the frequency of the
homozygous genotypes was higher. In addition, this subgroup significantly differed in genotype frequency dis-
tribution from subgroups of patients with early or severe fibrosis (

 

P

 

 = 0.035 and

 

 P

 

 = 0.004, respectively).
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and consists of two subunits, 

 

α

 

 and 

 

γ

 

. Activating intra-
cellular messengers, IL-4R induces expression of the
genes that are sensitive to the IL-4 signal. Analysis of the
competence of the IL-4 and IL-4R genes has associated
their variants with atopy [13], bronchial asthma [14, 15],
type 1 diabetes mellitus [16], and infections such as
AIDS [17] and respiratory syncytial virus disease [18].

The above data make it possible to assume that the
IL-4R 

 

α

 

 subunit gene, 

 

IL4RA

 

, affects predisposition to
viral hepatitis, virus persistence, and development of
the chronic process in the liver. In this work, we tested
the Ile50Val polymorphism of 

 

IL4RA

 

 for association
with chronic viral hepatitis and the character of its
course, depending on the stage of hepatic fibrosis.

EXPERIMENTAL
We examined 61 chronic viral hepatitis patients

aged 17–56 years (Table 1). The diagnosis was based
on the clinical data and the results of laboratory and
instrumental tests, including biopsy of the liver. To
verify the etiological diagnosis, blood serum was
tested for hepatitis B virus (HBV) DNA and hepatitis
C virus (HCV) RNA by PCR and for serological
markers by ELISA.

HCV was detected in 42 patients. The HCV geno-
type was assayed in 20 patients. Of these, 11 showed
HCV genotype 1b and 9 presented with other variants,
which were not identified in this work and were col-
lectively designated as the non-1b genotype (Table 1).

HBV was found in 13 patients. Combined infec-
tion with HCV and HBV was detected in six patients.
In addition, we verified the diagnosis morphologically
and estimated the histological activity [19] and the
stage of fibrosis [20].

To study the association of the Ile50Val polymor-
phism of 

 

IL4RA

 

 with disease progression, the patients
were divided into three subgroups differing in fibrosis
stage. Group 0 included patients without signs of
fibrosis; group I, patients with early (portal and peri-
portal) fibrosis; and group II, patients with moderate
(stage 2, porto-portal septa) or severe (stage 3, porto-
central septa) fibrosis.

The control group was a random sample of
128 Tomsk residents.

DNA was isolated from blood lymphocytes by the
standard nonenzymatic method [21]. Genotyping with
respect to the Ile50Val (A148G) polymorphism of

 

IL4RA

 

 was performed by RFLP analysis of PCR prod-
ucts according to a published protocol [22, 23].

The genotype frequency distribution was checked
for the Hardy–Weinberg equilibrium by the 

 

χ

 

2

 

 test. To
compare the main groups with respect to allele and
genotype frequencies, we used the 

 

χ

 

2

 

 test with Yates
correction for continuity and unity taken as the num-
ber of degrees of freedom. To compare genotype fre-
quencies for the subgroups differing in fibrosis stage,
contingency tables (3 

 

×

 

 2) were analyzed using Fisher’s
exact test. One-way analysis of variance was used to
compare the subgroups with respect to mean values of
independent variables such as fibrosis stage and disease
record [24]. Computations were performed using the
programs STATISTICA for Windows, Microsoft Excel
and Graph PAD Instat (Graph PAD Software ver. 1.12a).

RESULTS AND DISCUSSION
The genotype frequency distribution of the

Ile50Val polymorphism in the Tomsk residents
obeyed the Hardy–Weinberg equilibrium. The fre-
quency of allele Ile50 was about 59%, much the same
as reported for Caucasoids [25]. The allele diversity
estimated from the observed heterozygosity was sim-
ilar to its maximal value possible for a dinucleotide
polymorphism (

 

P

 

 > 0.05).

As in the control group, 

 

IL4RA

 

 genotype frequen-
cies corresponded to the Hardy–Weinberg proportions
in the patients (Table 2). However, in the patients, the
observed heterozygosity tended to be lower than the
expected heterozygosity. The observed and expected
heterozygosities did not significantly differ within
either group (Table 2) or between the patients and con-
trols (

 

P

 

 > 0.05).

Genetic markers can affect general predisposition
to a disease or be associated with particular, pathoge-
netically important traits. In view of this, we studied

 

Table 1. 

 

 Characterization of the patients examined

Parameter
Patients with chronic viral hepatitis

males (

 

N

 

 = 42) females (

 

N

 

 = 19)

Mean age, years 30.8 

 

±

 

 1.39

Virus HCV (

 

N

 

 = 42) HBV (

 

N 

 

= 13) HBV + HCV (

 

N

 

 = 6)

Virus genotype 1b (

 

n

 

 = 11) non-1b (

 

N 

 

= 8) – –

Histological activity, score 2–18 2–9 6–14

Stage of hepatic fibrosis 0–3 0–2 0–2

 

Note: HCV, hepatitis C virus; HBV, hepatitis B virus; 1b, HCV genotype 1b; non-1b, other HCV genotypes.
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the effect of the Ile50Val polymorphism on the char-
acter of disease progression (fibrosis stage), although
the allele and genotype frequencies of this polymor-
phism did not significantly differ between the patients
and controls (Table 2). The fibrosis stage depends on sev-
eral factors, such as the type of hepatitis, the genotype of
the virus, and the disease record. However, we did not
detect any association with these factors (Tables 3, 4).

The 

 

IL4RA

 

 allele frequencies did not significantly
differ between the subgroups differing in fibrosis
stage (Table 5).

Both alleles, which often affect the prognosis, and
genotypes can be of functional importance for genetic
predisposition to a particular disease.

It is individual genotypes that are subject to selec-
tion in natural populations, and the fitness of a popu-
lation depends on the contributions of various geno-
types. If a disease is a selective factor affecting the fit-
ness in carriers of a particular genotype, then
differences in genotype frequencies between patients
and healthy people are of considerable interest. Con-
cerning changes in genotype frequencies of the Ile50Val
polymorphism, published data are discrepant. A
decrease and an increase in the frequency of heterozy-
gotes have been variously reported for asthma patients
from the Japanese population [22, 26, 27]. In Tomsk,
heterozygotes Ile/Val tend to accumulate from grand-
parents to patients with bronchial asthma in affected
families: their frequencies are 37.7% in grandparents,
52.2% in parents, and 55.4% in probands [28].

In our sample, the allele frequencies were much
the same in the subgroups of patients, but the geno-
type frequencies differed (Table 5). A deviation from
the Hardy–Weinberg proportions was observed for the
genotype frequency distribution of the patients show-
ing no signs of fibrosis (

 

χ

 

2

 

 = 10.2681, d.f. = 1, 

 

P

 

 =
0.0013). The deficiency of heterozygotes Ile/Val was
about 86% (D = –0.8564). Compared with the control
group, this subgroup again showed a significantly
lower frequency of heterozygotes (7.1% vs. 51.6% in
the controls, 

 

P

 

 = 0.002) and differed in genotype fre-

 

Table 2. 

 

 Genotype and allele frequencies of the 

 

IL4RA

 

 Ile50Val polymorphism in patients with chronic viral hepatitis and
healthy residents of Tomsk

Group

 

n

 

Genotypes

 

χ

 

2

 

*

 

P

 

* Ile

 

χ

 

2

 

**

 

P

 

**

 

H

 

o

 

H

 

e

 

D

 

χ

 

2

 

***

 

P

 

***
Ile/Ile Ile/Val Val/Val

Controls 128 42 
(32.8%)

66 
(51.6%)

20 
(15.6%) 1.924 0.378

0.59 

 

±

 

 0.03

0.171 0.678

0.52 

 

±

 

 0.04 0.48 

 

±

 

 0.01 0.062 0.266 0.90

Patients 61 21 
(34.4%)

26 
(42.6%)

14 
(23%)

0.56 

 

±

 

 0.04 0.43 

 

±

 

 0.06 0.49 

 

±

 

 0.01 –0.136 0.539 0.80

 

Note: The 

 

χ

 

2

 

 test was used to estimate the significance of differences in (

 

χ

 

2

 

*) genotype or (

 

χ

 

2

 

**) allele frequencies and (

 

χ

 

2

 

***) to test the
genotype frequency distribution for correspondence to the Hardy–Weinberg equilibrium. The significance is characterized for the
differences in (

 

P

 

*) allele or (

 

P

 

**) genotype frequencies and (

 

P

 

***) correspondence to the Hardy–Weinberg equilibrium. 

 

H

 

o

 

 and 

 

H

 

e

 

,
observed and expected heterozygosities, respectively; 

 

D

 

, relative departure of the observed heterozygosity from the expected value.

 

Table 3. 

 

 Stage of hepatic fibrosis in patients with chronic viral hepatitis as dependent on the type of hepatitis and the HCV
genotype

Subgroup of patients
Fibrosis stage

 

P

 

*
0 I II

Virus HCV 7 (16.7%) 15 (35.7%) 20 (47.6%) 0.083

HBV 7 (53.8%) 3 (23.1%) 3 (23.1%)

HBV + HCV 1 (16.7%) 3 (50%) 2 (33.7%)

HCV genotype 1b 0 1 (9%) 10 (91%) 0.347

non 1b 0 2 (25%) 6 (75%)

 

Notes: * The significance was evaluated using the 

 

χ

 

2

 

 test.

 

Table 4. 

 

 Stage of hepatic fibrosis in patients with chronic
viral hepatitis as dependent on disease record (mean 

 

±

 

 S.E.)

Subgroup by fibrosis stage Disease record, years

 

P

 

*

0 7.1 

 

±

 

 1.5

0.403I 5.9 

 

±

 

 0.64

II 7.5 

 

±

 

 0.78

 

Notes: * The significance was evaluated using one-way analysis
of variance.
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quencies from the subgroups with early or severe
fibrosis (Table 5). In the subgroups of fibrosis patients,
the genotype frequency distributions obeyed the
Hardy–Weinberg equilibrium. The frequencies of het-
erozygotes were, respectively, 47.6 and 57.7%, much
the same as in the control groups and higher than in
the patients without signs of fibrosis (Table 5).

Notwithstanding the lack of differences in het-
erozygote frequencies between the control subjects
and the fibrosis patients, the above findings make it
possible to assume that genotype Ile/Val is prognosti-
cally valuable, predisposing to fibrosis in chronic viral
hepatitis. There are several arguments for this assump-
tion. First, it is known that some alleles and genotypes
are widespread in human populations, regardless of
their association with various pathologies. For
instance, pathological allele 667T of the methylene
tetrahydrofolate reductase gene (MTHFR) contributes
to various diseases (thrombophilia, cardiovascular
disorders, and pregnancy complications), but its fre-
quency in Caucasoid populations varies from 15% in
the United Kingdom to 55% in Spain [29]. The fre-
quency of the null genotype of the glutathione S-trans-
ferase µ gene (SGTM1) in Caucasoids greatly varies,
reaching 73% in some populations [30]. Yet this gen-
otype, which determines the complete absence of an
enzyme involved in the first phase of xenobiotic
detoxification, plays a role in pathogenesis of various
forms of cancer and is associated with a higher risk of
various high-incidence diseases [31]. Population fre-
quencies of pathology-associated alleles or genotypes
are maintained at a high level probably because their
carriers have certain advantages. Recent studies have
shown, for instance, that carriers of the null genotype
of GSTM1 have a lower risk of myocardial infarction
[32]. Second, only one full decade elapsed from the
discovery of HCV and the wide spreading of hepatitis C:
this period is too short for the disease to exert a consider-
able effect on the genotype frequency distribution.

Thus, alleles and genotypes associated with
pathologies can occur at high frequencies in human
populations. Our results suggest that carriers of the
common genotype Ile/Val have a higher risk of
hepatic fibrosis in viral hepatitis.

The prognostic value of heterozygous genotype
Ile/Val of IL4RA cannot be fully explained in terms of
allele-specific features of relevant biochemical pro-
cesses. High frequencies are characteristic of the
homozygous genotypes, although one determines a
high and the other, a low level of IgE: compared with
Val50, variant Ile50 is associated with a threefold
higher activity of IL-4 and, consequently, a higher
level of IgE. A medium level of IgE might be expected
for heterozygotes. It is known, however, that the
Ile50Val polymorphism is in the extracellular domain
of the IL-4R α-chain, and the presence of two differ-
ent amino acid residues in receptors may alter the
binding and activation of IL-4 and the subsequent
development of the inflammatory response.

On the other hand, it is necessary to consider the
general properties of cytokines. These substances
mediate communication between different systems of
the organism, organize an integrated defense network,
are interchangeable, and exert pleiotropic biological
effects. Hence, it is possible to assume that some gene
complexes and interacting sets of protein isoforms,
which are determined by different variants of genes,
contribute to the clinical phenotype along with the
Ile50Val polymorphism. Moreover, the association of
a genetic polymorphism with a disease can be
explained by functional significance of the polymor-
phism itself or by its linkage disequilibrium with
another locus, identification of which may implicate
new genes in the given disease.

Table 5.  Genotype and allele frequency distributions of IL4RA in patients with chronic viral hepatitis and different stages of
hepatic fibrosis

Subgroup by fibrosis stage

Frequency

genotype allele

Ile/Ile Ile/Val Val/Val Ile Val

0 (n = 14) 7 (50%) 1 (7.1%) 6 (42.9%) 15 (53.6%) 13 (46.4%)
I (n = 21) 7 (16.7%) 10 (47.6%) 4 (19%) 24 (57.1%) 18 (42.9%)
II (n = 26) 7 (26.9%) 15 (57.7%) 4 (15.4%) 29 (55.8%) 23 (44.2%)

P

0 and I 0.035* 0.768**
0 and II 0.004* 0.851**
I and II 0.787* 0.893**

Note: Subgroup 0, patients without signs of fibrosis; subgroup I, patients with early fibrosis; and subgroup II, patients with the second or
third stage of fibrosis. The significance was evaluated using (*) Fisher’s exact test or (**) the χ2 test.
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