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A B S T R A C T

Aim: To investigate the association between IL-6 polymorphisms (−174G/C, −572G/C and −597G/A) and
susceptibility to chronic hepatitis B virus (CHB) infection.
Method: Total 108 subjects with CHB infection and 102 healthy controls were enrolled in this study. IL-6
(−174G/C) was genotyped using Mutagenically separated Polymerase Chain Reaction (MS-PCR) while sequence
specific primers-PCR (SSP-PCR) was used for studying −572G/C and −597G/A. IL-6 plasma level was measured
using Enzyme-linked immunosorbent assay (ELISA).
Results: A significant increase (P < 0.01, P < 0.01, P < 0.001) in −174GG, −572GC and −597GA; re-
spectively in the CHB group compared to control group, while −572GG genotype was significantly decreased
(P < 0.01) in CHB patients. A significant increase (p < 0.01, p < 0.01) in −174 G and −597A alleles was
observed in the CHB patient group; respectively. GGA haplotype is significantly increased (P < 0.05) while GCA
haplotype is significantly decreased (P < 0.001) in the patient group. A moderate linkage disequilibrium (LD)
(D′= 0.719, r2= 0.474; P < 0.001) between IL-6 (−572G/C and −597G/A) was observed. A significant re-
duction (P < 0.01) in IL-6 plasma level in CHB patients compared to healthy controls (22.28 ± 1.93 versus
32.08 ± 2.41), which was negatively correlated (r=−0.216; P < 0.01) with HBV infection.
Conclusions: This study pointed to the potential role of IL-6 (−174G/C, −572 G/C and −597G/A) gene
polymorphisms in the susceptibility to HBV infection. Our results allow for only preliminary conclusions due to
relatively small sample size. There is a need for further larger scale studies to fully examine the possible re-
lationship between these cytokine gene polymorphisms and the development of CHB.

1. Introduction

Hepatitis B virus (HBV) is one of the most common causes of liver
diseases [1–3]. Globally, over 350 million individuals are chronically
infected with HBV, which continues to be a significant healthcare en-
cumbrance in the world, particularly in developing countries where
HBV infection is endemic [4–6]. In Egypt, the estimated national pre-
valence of HBV infection is about 1.7% among those aged 15–59 [7].
HBV infection causes a broad spectrum of clinical manifestations,
varied from an asymptomatic carrier status to severe and chronic active
hepatitis (CHB) [6,8]. The chronic phase of the disease will be devel-
oped into liver cirrhosis in 20–30% of patients, and only 5% further
progress to hepatocellular carcinoma (HCC), which can lead to liver
end-stage in 15%–40% of patients worldwide [2,5]. In a recent study by
Abd-Elsalam et al. [9] HCC resulted from HBV infection is about 3.26%

of 1440 Egyptian infected patients.
The outcome of HBV infection is influenced by some factors, in-

cluding viral, environmental and host-related factors (such as host
immune and genetic factors) [2,5,10–13]. HBV does not have a direct
effect on the hepatocytes, but the viral antigens in infected hepatocytes
targeted by the cellular immune response and consequently, cause the
liver damage [14]. Studies have pointed out that genes of the immune
response are supposed to be a useful genetic component in CHB infec-
tion [15].
Cytokines play an essential role in the regulation of the immune

response and protective effect against viral infections [16]. Poly-
morphisms in the cytokine genes determine the capability of cytokine
production among various individuals [17,18]. Recent studies have
evaluated the influence of genetic polymorphisms in the cytokine
overall expression and secretion by cells of the immune system [10,19].
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Our previous studies [20–22] stressed on the role of cytokine gene
polymorphism including TGF-β1 (T29C), IL-10 −1082G/G and TNF-α
(−863C/A, −308G/A, −376G/A, and +489G/A) as host genetic
factors in the susceptibility to HBV infection in Egyptians.
Human interleukin 6 (IL-6) a key anti-inflammatory and pro-in-

flammatory cytokine about 21–28 kDa, produced by a different type of
cells, mainly T-lymphocytes, macrophages and monocytes [23]. It plays
significant roles in the organization of the immune response, in-
flammation, and hematopoiesis [24,25]. IL-6 interferes with the reg-
ulation of the immune response to HBV infection [5]. It has a pivotal
function in the regulation of the biological responses of hepatocytes
[26]. Derived from activated monocytes, IL-6 plays a vital role in pro-
moting lymphocytes responses that are important for effective viral
control [27]. Given the role of IL-6 in balancing the differentiation of
pro- and anti-inflammatory cells, several studies refer to its ability in
facilitating HBV infection both in vivo and in vitro [26,28,29].
The gene encoded for IL-6 mapped to chromosome 7 (7p21), com-

posed of 5 coding exons and one non-coding [30,31]. IL-6 is a highly
polymorphic gene, various single nucleotide polymorphisms (SNPs)
recognized within the IL-6 gene, that may be responsible for its variable
protein expression, including three essential variations upstream of its
coding sequence involving: −174G/C (rs1800795), −572G/C
(rs1800796) and −597G/A (rs1800797). Prior studies indicated a
collaborative effect of these SNPs on the regulation of IL6 transcription
and expression [2,32–34]. Previously documented data on the impact
of IL-6 gene polymorphism in Egyptians suffering from autoimmune
disease, cancer or diabetes [32–34]. Although some studies on HBV
have been performed elsewhere, no survey on IL-6 gene polymorphism
in HBV patients has been carried out on Egyptians.
Accordingly and in light of the vital role of IL-6 in HBV infection,

the present study is performed to investigate the association between
these 3 SNPs of the IL-6 gene and genetic susceptibility to HBV infection
in the Egyptian population. The influence of these polymorphisms on
IL-6 secretion profile will be evaluated in the same HBV patients and
control groups to determine whether the change in the level of IL-6
associated with or independent of the genetic polymorphism.
Understanding the IL-6 genetic predisposition in the Egyptian popula-
tion might affect the immunological status of patients, the modulation
of disease progression, and individual responses to therapy.

2. Materials and methods

2.1. Subjects

One hundred and eight patients with CHB infection recruited from
the National Liver Institute, Menoufiya University, Egypt were enrolled
in this study. All investigations were performed in accordance with the
Menoufiya University. This study was approved by the Health and
Human Ethical Clearance Committee guidelines for Clinical Researches,
and following recruitment, the subjects gave informed consent for ge-
netic analysis. All patients with CHB infection fulfilled the diagnostic
criteria: positive for hepatitis B surface antigen (HBsAg) for 6months or
more along with serum HBV DNA with more than 105copies/ml. HBV
genotyping was done by Restriction Fragment Length Polymorphism
(RFLP) technique according to [35], and our patient’s group are all HBV
subtype D. Patients with HCV or other viral infections or any liver
diseases such as HIV, NAFLD, alcoholism, severe fibrosis were excluded
from the study. The control group consisted of 102 subjects chosen from
healthy people who had no history of the previous liver disease, routine
liver function tests, and no HBV and HCV infection or other con-
spicuous diseases. Viral assessment and biochemical data were per-
formed as previously described in our previous study [20].

2.2. DNA isolation

Five ml venous blood from each involved in this study were

collected on ethylene-diamine-tetra-acetic acid (EDTA) sterile vacu-
tainer tubes. Genomic DNA was extracted from whole blood samples
using the Wizard® Genomic DNA Purification Kit (Promega Co. WI,
USA) according to the manufacturer’s instructions.

2.3. Genotyping

IL-6 (−174G/C) SNP was analyzed using Mutagenically separated
PCR (MS-PCR) using three primer mixtures as previously described
[36]. The reaction was done in one tube with 25ml final reaction vo-
lume. PCR mixtures consisted of DreamTaq Green PCR Master Mix (2X)
(Fermentas), 10 pmoles of each forward primer, 20 pmoles of reverse
primer and 40 ng of DNA. The size of PCR products was visualized on
4% agarose gel and estimated in comparison to 25 bp DNA ladder
(Fermentas Life Science, Thermo Fisher Scientific Inc., MA, USA).
IL-6 (−572G/C and −597G/A) SNPs were analyzed by the poly-

merase chain reaction sequence-specific primer method (PCR-SSP).
Primer sequences used were designed by using primosnp 3.4 (http://
www.changbioscience.com/primo/ primosnp.html) and checked using
primer blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast)
(Table 1). For each SNP, the reaction was done in two tubes, one for
each allele, with 25 µl final reaction volume. The PCR mixtures con-
sisted of the DreamTaq Green Master Mix, 2x (Fermentas), 10 pmoles of
each allele-specific primer, 10 pmoles of reverse primer, and 100 ng of
DNA. After amplification, the PCR resulted in an amplicon of 325 bp for
−527G/C and 473 bp for −597G/A. The PCR products were visualized
on 2% agarose gel and estimated in comparison to 100 bp DNA ladder
(Fermentas). All PCR reactions were performed in 2720 thermal cycler
(Applied Biosystems). As MS-PCR or SSP-PCR is easy to result in a false-
positive result, 50% of samples were repeated, and we selected 10% of
samples to be sequenced randomly to control the quality of genotyping
and to validate our results.

2.4. Measurement of plasma IL-6

Blood samples were collected from HBV patients and healthy con-
trols; plasma was separated by centrifugation at 1500 rpm for 10min,
aliquotted and stored at −80 °C for IL-6 secretion analysis. IL-6 con-
centrations were measured using a commercial enzyme-linked im-
munosorbent assay (ELISA) kit (limit: 9.38–600 pg/ml) according to the
manufacturer’s instructions (R&D System, Inc., Minneapolis, MN). The
intensity of the developed color was measured by reading optical ab-
sorbance at 450 nm using a microplate reader (SunriseTM, Tecan Group
Ltd. Ma¨nnedorf, Switzerland). The ELISA reader-controlling software
(Softmax) processed the digital data of raw absorbance values into a
standard curve, from which the IL-6 concentration of samples can be
derived, and expressed as pg/ml. IL-6,

Table 1
Primers used to detect polymorphisms of IL-6 in CHB patients and controls.

Primer Product
size

IL-6 (−174) G/C (rs1800795)
Forward G: 5′-GCACTTTTCCCCCTAGTTGTGTCTTACG-3′ 121 bp

136 bpForward C: 5′GACGACCTAAGCTTTACTTTTCCCCCTAGTTGTGTCTTGAC-3′
Reverse: 5′-ATAAATCTTTGTTGGAGGGTGAGG-3′

IL-6 (−572) G/C (rs1800796)
Forward G: 5′-GGCCAGGCAGTTCTACAACAGCCG-3′ 325 bp
Forward C: 5′-GGCCAGGCAGTTCTACAACAGCCC-3
Reverse: 5′-ATTAGTGACTCAGCACTTTGG-3′

IL-6 (−597) G/A (rs1800797)
Forward G: 5′-AAGTAACTGCACGAAATTTGAGGG-3′ 473 bp
Forward A: 5′-AAGTAACTGCACGAAATTTGAGGA-3′
Reverse: 5′-TGTGCAATGTGACGTCCTTTA-3′
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2.5. Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Science (SPSS) version 21 (IBM Corporation, USA). Comparisons
between both groups were performed by independent, and the results
were presented as the mean ± standard deviation. Categorical vari-
ables were presented as frequencies (%). Chi-squared (X2) tests were
performed to compare allele, genotype and haplotype distribution. The
odds ratio (OR) and 95% confidence intervals (CI) were calculated to
measure the relative risks in both control and HBV patients. The cor-
relation between variables was determined using Spearman’s correla-
tion test. The online tool SNPstats (http://bioinfo.iconcologia.net/
SNPstats) was used to perform Haplotype reconstruction from popula-
tion genotype data and Linkage Disequilibrium (LD) parameters (D′ and
r2) and to identify a departure from the Hardy-Weinberg equilibrium
(HWE). Comparative analysis of plasma IL-6 levels among participants
with different genotypes/haplotypes was carried out by One-way ana-
lysis of variance (ANOVA). All P values were two-tailed, and P values
that remained below 0.05 after correction for the number of variables
(P-corrected) were considered significant (Bonferroni correction).

3. Results

3.1. Patients’ characteristics

In CHB group, males are overnumbered females (84 male and 24
female) with a mean age of 38.86 ± 12.08 years. Control group re-
presented by 63 male and 39 female with mean age of 36.48 ± 14.95.

3.2. Association between IL-6 polymorphisms and HBV infection

Genotype and allelic frequencies of IL-6 (−174G/C, −572G/C and
−597G/A) in CHB patients and healthy controls are presented in
Table 2 and Fig. 1. Analysis of the 3 SNPs revealed that there were
significant changes in the distribution of IL-6 (−174G/C, −572 G/C
and −597 G/A) genotypes between patients and healthy controls. The

frequency of IL-6 (−174G/C) genotypes were within Hardy-Weinberg
equilibrium (HWE) in controls [75, 26, 1 (observed) versus 75.9,
24.1,1.9 (predicted)] and were out of HWE in CHB patients [99, 7, 2
(observed) versus 97.2, 10.4, 0.28 (predicted); P < 0.05]. On the other
hand, the values predicted by assumption of the HWE were different
than those observed for IL-6 (−572G/C), in CHB patients [14, 92, 2
(observed) versus 33.3, 53.3, 21.3 (predicted); P < 0.001] and control
group [31, 69, 2 (observed) versus 42, 46.8, 13 (predicted);
P < 0.001]. Moreover, the genotype frequencies of IL-6 (−597G/A)
did not meet the equilibrium criteria in patients group [1, 106, 1 (ob-
served) versus 27, 54, 27 (predicted); P < 0.001] and [32, 69, 1 (ob-
served) versus 43.3, 46.2, 12.3 (predicted); P < 0.001] in controls.
Analysis of IL-6 (−174G/C) SNP showed that the most prevalent

genotype in both groups is the GG genotype. A frequency of −174GG
genotype increased significantly (P < 0.01) in CHB group, while
−174GC genotype was significantly elevated (P < 0.001) in controls.
G allele was in high frequency in both groups. A significant increase
(P < 0.01) in −174G allele in patients parallel to the significant in-
crease (P < 0.01 (in C allele in controls. A positive correlation was
found between CHB and the presence of GG genotype (r= 0.241,
P < 0.001), while a negative correlation was detected by the appear-
ance of GC genotype and the C allele (r=−0.261, P < 0.001;
r=−0.241, P < 0.001; respectively). GG genotype and G allele might
be considered as a risk factor [OR=3.96; CI: 1.75–8.91), OR=2.96;
CI: 1.43–6.12; respectively] for CHB infection, while GC genotype and C
allele [OR=0.203; CI: 0.08–0.49, OR=0.33; CI: 0.163–0.697; re-
spectively] might be considered as protective factors for the disease.
Genotyping of IL-6 (−572G/C) SNP showed an increase in GC

genotypes in both groups. A significant reduction (P < 0.01) in
−572GG genotype was observed in the patient group, while the GC
genotype showed a significant increase (P < 0.01) in the infected
group compared to controls. A direct positive correlation was found
between CHB and the presence of GC genotype and C allele (r= 0.187,
P < 0.01; r= 0.212, P < 0.01; respectively). GC genotype
(OR=2.51; CI: 1.27–4.94) might be considered as a risk factor for HBV
infection. On the other side, an inverse correlation was found between

Table 2
Genotype distribution and allelic frequency of IL-6 (−174 G/C, −572 G/C and −597 G/A) in controls and CHB patients.

Cytokine gene Control group (N=102) CHB group (N=108) P-value/P-corrected OR (95% CI)

IL-6 (−174 G/C) (rs1800795)
Genotype Frequency (N, %)

G/G 75 (73.5%) 99 (91.7%) P=0.001/Pc=0.003 3.96 (1.75–8.91)
G/C 26 (25.5%) 7 (6.5%) P=0.000/Pc=0.000 0.203 (0.08–0.49)
C/C 1 (1.0%) 2 (1.9%) P=1.000/pc= 3.00 1.90 (0.17–21.3)
GC/CC 27 (26.5%) 9 (8.3%) P=0.001/Pc=0.003 0.25 (0.11–0.56)

Allele Frequency (N, %)
G 176 (87.0%) 205 (95.0%) P=0.003/Pc=0.006 2.96 (1.43–6.12)
C 28 (13.0%) 11 (5.0%) P=0.003/Pc=0.006 0.33 (0.163–0.697)

IL-6 (−5 7 2) G/C (rs1800796)
Genotype Frequency (N, %)

G/G 31 (30.4%) 14 (13.0%) P=0.002/Pc=0.006 0.34 (0.16–0.68)
G/C 69 (67.6%) 92 (85.2%) P=0.008/Pc=0.024 2.51 (1.27–4.94)
C/C 2 (2.0%) 2 (1.9%) P=1.00 0.94 (0.13–6.82)
GC/CC 71 (69.6%) 94 (87.0%) P=0.002/Pc=0.006 2.93 (1.45–5.91)

Allele Frequency (N, %)
G 131 (64.0%) 120 (56.0%) P=0.07/pc= 0.014 0.696 (0.470–1.03)
C 73 (36.0%) 96 (44.0%) P=0.07/pc= 0.014 1.435 (0.969–2.12)

IL-6 (−597 G/A) (rs1800797)
Genotype Frequency (N, %)

G/G 32 (31.4%) 1 (0.9%) P=0.000/Pc=0.000 0.02 (0.02–1.46)
G/A 69 (67.6%) 106 (98.1%) P=0.000/Pc=0.000 25.3 (5.80–109.0)
A/A 1 (1.0%) 1 (0.9%) P=1.00/pc= 3.00 0.94 (0.05–15.2)
GA/AA 70 (68.6%) 107 (99.1%) P=0.000/Pc=0.000 51.1 (6.84–382.8)

Allele Frequency (N, %)
G 133 (65.0%) 108(50.0%) P=0.001/Pc=0.002 0.53 (0.36–0.79)
A 71 (35.0%) 108 (50.0%) P=0.001/Pc=0.002 1.87 (1.26–2.77)
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chronic infection and GG genotype (r=−0.212, P < 0.01), so it
might be considered as a protective factor (OR=0.34; CI: 0.16–0.68)
from the infection.
Analysis of IL-6 (−597G/A) SNP revealed that GA genotype was the

most frequent genotype in both groups. −597GG genotype decreased
significantly (P < 0.001) in the control group, while −597GA geno-
type increased significantly (P < 0.001) in the CHB group. A sig-
nificant elevation (p < 0.01) in the A allele was observed in the patient
group combined with a significant reduction (p < 0.01) in G allele
compared with healthy controls. GA genotype and A allele are posi-
tively correlated with the disease (r= 0.409, P < 0.001; r= 0.410,
P < 0.001; respectively). On the other hand, the GG genotype is ne-
gatively correlated with the disease (r=−0.426, P < 0.001).
The frequency of IL-6 (−174G/C, −572 G/C and −597 G/A)

haplotypes in HBV patients and healthy controls is shown in Table 3.
Eight haplotypes were emerged (GGG, GCA, GGA, GCG, CGG, CCA,
CCG, and CGA) from the estimates of haplotype frequencies. The GGG
was the most frequent one in controls and, the GGA was the most

frequent in patients while CGG, CCA, CCG, and CGA haplotypes were
rare in both groups. A significant (P < 0.05) increase in GGA haplo-
type and a highly significantly (P < 0.001) decrease in GCA haplotype
were detected in CHB patients compared to controls. LD pattern be-
tween the 3 SNPs showed (D′=0.275, r2= 0.011; P < 0.05) between
IL-6 (−174G/C) and (−572G/C),and (D′= 0.719, r2=0.474;
P < 0.001 between IL-6 (−572G/C) and (−597G/A). The latest cor-
relation pointed to a moderate LD between IL-6 (−572G/C and
−597G/A) and a strong linkage equilibrium between IL-6 (−174G/C
and −597 G/A).

3.3. Differential expression of IL-6 in patients and controls according to
polymorphisms and haplotypes

A significant decrease (P < 0.01) in IL-6 in CHB patients compared
to healthy controls (22.28 ± 1.93 versus 32.08 ± 2.41) was observed
with an inverse correlation (r=−0.216; P < 0.01) between IL-6 se-
cretion level and HBV infection.
As shown in (Fig. 2), the mean plasma concentration of IL-6 (−174

G/C) was decreased significantly (P < 0.001, and P < 0.001) in CHB
patients with GG genotype and G allele; respectively. In IL-6 (−572G/
C), GC genotype, G and C alleles showed a significant (P < 0.01,
P < 0.01 and P < 0.01; respectively) decrease in IL-6 levels in pa-
tients compared with controls. The same results were observed in IL-6
(−597 G/A) where IL-6 was diminished in patients with GA genotype,
G and A alleles (P < 0.01, P < 0.01 and P < 0.01; respectively).
According to the estimated haplotypes, the GGG and GCA haplotypes
showed significant (P < 0.001 and P < 0.01; respectively) reduction
in IL-6 levels in HBV patients versus controls (Table 4).

4. Discussion

Several reports have implicated CHB infection as a significant risk
factor in the causation of HCC in humans [37,38]. Egypt has been
classified as an area of intermediate HBV prevalence comprising nearly
6.7% of the population [39]. IL-6, a well-recognized cytokine as a cri-
tical regulator of inflammatory mechanisms, has been documented to
play a vital role in HBV infection mediating chronic inflammation
[11,38]. Studies on the cytokine gene polymorphisms point out to its
role in the evolution of CHB infection [10], and as IL-6 might influence
the development of chronic infection, SNPs of IL-6 gene can be selected
as a useful marker for association study. Therefore, we conducted this
study to better clarify the association between IL-6 (−174G/C,
−572G/C, −597G/A) promoter and the risk of HBV infection.
All positions were out of HWE except those observed for IL-6 (−174

G/C) in the control group. Apprehension was directed toward a de-
parture from HWE reported in our study which might be due to chance
or infringement of one or more HWE assumptions. Results from around
10% of previous genetic case-control studies have shown formally sta-
tistically significant deviations from the HWE expected frequencies
[40,41]. The power of available statistical tests to detect HWE violation
is limited in such relatively small sample sizes study
Our data revealed that the G allele and the G/G genotype at position

−174 had higher distribution among Egyptian CHB patients in com-
parison to controls. The −174GC genotype and C allele were sig-
nificantly reduced in the patient group showing a negative correlation
with the infection. Our results are consistent with the results of Fabris
et al. [42] which reported a relationship between IL6 −174G/C poly-
morphism and HBV infection. In addition to the study of Attar et al.
[14] which pointed out that the IL-6 −174GC genotype and G allele
were strongly associated with susceptibility to HBV infection. Some
other studies on different other populations such as; Zhai et al. [43] in
Chinese, Ben-Ari et al. [19] from Israel, Park, et al. [44] in Koreans,
Ribeiro et al. [10] in a Brazilian, Migita et al. [45] in a Japanese po-
pulation showed no genetic association between IL-6 (−174G/C) SNP
and the susceptibility to CHB infection. The same results were reported

Fig. 1. Genotype distribution and allelic frequency of IL-6–174 G/C
(rs1800795) (A), −572G/C (rs1800796) (B) and −597 G/A (rs1800797) (C)
gene polymorphism in controls (□) and HBV (■) patients.
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in a meta-analysisof Chang et al. [2] who did not find any association of
IL-6 (−174G/C) and HBV risk.
The current study illuminated that IL-6 −572GC genotype had

higher distribution in CHB patients (85.2%) compared to controls. In
accordance with us, the results of Saxena et al. [38] pointed out that the
GC genotype was distributed in 49.02% of CHB patients. On the other
hand, −572CC genotype distribution is higher in two separate Taiwa-
nese studies (65% and 59%, respectively) [6,45]. The results of our

study demonstrated that (−572G/C) SNP in the IL-6 gene was asso-
ciated with an increased risk of CHB infection in heterozygous and C
allele. In accordance with these findings, several studies demonstrated
that the IL-6 −572G/C might be associated with the risk of HBV in-
fection [2,13,38,46]. On the other hand, other studies could not char-
acterize definitive pieces of evidence supporting the involvement of the
IL6-572 G/C SNP andCHB infection [12,44].
Our study sheds light on the IL-6 (−597G/A) role in the suscept-

ibility to CHB infection. IL-6 −597GA genotype had higher distribution
in CHB patients than controls, with a rarity in the A allele in both
groups. A few studies examined the association of the IL-6 (−597G/A)
SNP with HBV infection. In general, our data showed that the IL-6
−597G/A might play a part in the susceptibility to CHB in Egyptians as
−597GA genotype, and A allele are increased concerning other geno-
types and G allele. Consistent with our results Chang et al. [2] meta-
analysis demonstrated that IL-6 (−597 G/A) SNP might play a role in
CHB susceptibility. In contrary to ours, the study of Saxena et al. [39]
demonstrated a predominance of −597GG genotype in CHB and con-
trol subjects. Likewise, the study of Park et al. [44] pointed to an ex-
tremely rare in −597GA genotype in the Korean population. Incon-
sistent with our results, results of Park et al. [44] demonstrated that
−597G/A SNP is unlikely to be contributing significantly to CHB sus-
ceptibility. The different results of IL-6 promoter SNPs (−174 G/C,
−572G/C and −597 G/A) between studies might be due to the dif-
ferent genetic background of ethnic diversity.
We demonstrated a significant reduction in the IL-6 level in CHB

patients compared to controls. This result is in disagreement with some
other studies that noticed a high level of IL-6 in CHB patients
[12,38,47,48]. The reduction of the IL-6 level documented in our pa-
tient group was an obscure result for us. In accordance with our data,
aprevious study on Egyptian HBV infected patients reported a reduction
of the IL-6 level and overexpression of sIL-6R in HCC and liver diseased
groups [49]. It appeared that IL-6 could play decisive roles in the in-
duction of immune-tolerance against HBV antigens, and its activity is
probably involved in determining of HBV outcomes. Considering
105copies/ml viral load and supporting to our results, several studies
referred to the participation of IL-6 immune response controlling viral

Table 3
Haplotype frequencies of the IL-6 (−174G/C, −572 G/C and −597 G/A) haplotypes in control and CHB patients.

Haplotype Control group (N=102) CHB group (N=108) P value/p-corrected OR (95% CI)

GGG 50 (48.5%) 8 (7.6%) – 1.00
GCA 18 (17.8%) 2 (1.1%) P=0.0002/pc=0.0006 0.03 (0.00––0.17)
GGA 10 (9.9%) 50 (45.8%) P=0.012/pc=0.36 0.08 (0.01–0.56)
GCG 11 (10.6%) 44 (40.2%) P=0.07/pc=0.21 0.67 (0.09–5.01)
CGG 6 (5.4%) 0 (0%)
CCA 7 (6.8%) 0 (0%)
CCG 0 (0%) 2 (2%)
CGA 0 (0%) 2 (2%)

Fig. 2. Mean plasma concentrations of IL-6 (pg/dl) according to IL-6 (−74) G/
C (rs1800795) (A), IL-6 (−572 G/C) (rs1800796) (B) and IL-6 (−597 G/A)
(rs1800797) (C) in controls and HBV patients. Data are presented as
mean ± SEM.

Table 4
Mean plasma concentrations of IL-6 according to IL-6 Haplotype in controls and
CHB patients.

Haplotype Control group
(N=102)
(Mean ± SE)

CHB group
(N=108)
(Mean ± SE)

P-value/p-corrected

GGG 33.34 ± 2.49 21.76 ± 1.98 P=0.000/pc=0.00
GCA 35.13 ± 3.73 21.78 ± 2.24 P=0.002/pc=0.006
GGA 28.06 ± 4.53 22.84 ± 5.30 P=0.468/pc= 1.404
GCG 34.56 ± 7.04 26.11 ± 13.99 P=0.626/pc= 2.334
CGG 22.80 ± 6.08 35.00 ± 9.00 P=0.317/pc= 0.951
CCA 24.45 ± 4.56 23.99 ± 4.72 P=0.949/pc= 2.847
CCG 19.95 ± 0.85 – –
CGA 13.20 ± 5.89 – –

IL-6 data is expressed as pg/ml.
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infection through blocks of HBV replication by a moderate reduction of
several viral transcripts as IL-4 and TGF-β1 [50]. In this context, Talaat
et al. [20] demonstrated low levels of TGF-β1 in HBV infected Egyptian
patients. This antiviral effect of IL-6 on HBV replication is mediated by
a reduction of transcription factors [51] and by the redistribution of
STAT3 binding from the viral cccDNA to IL-6 cellular target genes [52].
Many studies have shown that IL-6 serum levels are increased in HBV
patients with severe, acute infections than patients with chronic in-
fection [27]. They speculate that; in patients with HBV-related diseases,
the IL-6 blockade could raise treatment efficacy.
In the analysis of SNPs with IL-6 expression level, we noticed a

significant reduction in CHB patients with −174GG genotype and G
allele compared to healthy subjects. No significant change in IL-6 se-
cretion level between CHB patients with GG and GC genotypes. The
study of Ben-Ari et al. [19] found no difference in the genetic ability to
produce IL-6, between the HBV group and the controls, only −174CC
genotype is associated with low levels of IL-6 while, −174 (GG and GC)
genotypes correlated with the ability to produce high levels of IL-6.
In the case of IL-6 (−572G/C), we noticed a low production of IL-6

CC compared to GC and GG genotypes in the patient group although it
did not reach statistical significance. Two studies indicated that pos-
sessing an IL-6 −572GG genotype associated with the reduction in IL-6
levels while the −572 CC genotype is associated with high levels of IL-6
[13,42]. In relation to IL-6 −597G/A SNP with IL-6 plasma levels, our
results could not compare this SNP with production levels due to the
low distribution of −597 GG and CC genotypes also, G and C allele
have the same value. The study of Saxena et al.[53] showed no sig-
nificant difference in IL-6 levels in any of the genotypes of IL-6 −597G/
A.

5. Conclusion

The presented results support the view that IL-6 (−174G/C,
−572G/C and −597G/A) gene polymorphisms are associated with
susceptibility to HBV infection in Egyptians. IL-6 −174GG genotype,
−572GC genotype and C allele in addition to −597GA genotype and A
allele might be considered as risk factors for CHB infection. Our data
could provide valuable clues for understanding the mechanism under
laying viral infection. Although, this work allows for only preliminary
conclusions due to relatively small sample size and should be confirmed
in a bigger size population to validate these findings, and to fully elu-
cidate the possible relationship between cytokine gene poly-
morphisms–interplay with other genetic and immunological factors
participating in the CHB.
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