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Abstract
Background: HCV is a major global health problem. IL-27 is a member of the IL-6/IL-12 cytokine family
with a broad range of anti-inflammatory properties. Recent studies highlighted the effect of a SNP in the IL-27
promoter region on modulating the progression of infectious diseases and individual responses to therapy. Aim of
the work: The present study investigated the potential role of (-964 A/G) SNP in the promoter region of IL-27p28
gene (alleles rs153109) on the outcome of HCV infection among genotype 4a infected patients. Materials and
Methods: HCV genotyping confirmed that all of the HCV-infected patients had genotype 4a infection. Genomic
DNA was extracted from 111 patients with chronic HCV infection, 42 spontaneous resolvers (SR) and 16 healthy
controls. IL- 27p28.rs153109 genotyping was assessed using PCR-RFLP then confirmed by DNA sequencing.
Results: The frequency of IL-27-p28.rs153109AA, AG, and GG genotypes among chronically infected subjects
were 74.8 %, 25.2%, and 0% while among the SR, they were 57.1%, 35.7%, and 7.14%, respectively. Our
data show the unique presence of G/G genotype in the SR group (3 patients; 7.14%). Moreover, the “G” allele
frequencies among chronic and resolved subjects were 12.6% and 25.0%, respectively (p=0.0136). Importantly,
subjects with the GG genotype were more likely to clear their HCV infection than those with the AA genotype
(p=0.0118). Conclusions: HCV genotype 4a subjects with the IL-27-p28.rs153109 A/G and G/G genotype were
more likely to clear their HCV infection. Therefore, we propose IL- 27p28.rs153109SNPas a genetic biomarker
for predicting HCV infection outcome.
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Introduction
Hepatitis C virus (HCV) is an RNA virus.It is a major
global health problem as it infects ~3% of the world’s
population (Parkin 2001; Baldo et al., 2008). Indeed,
around 170 million individuals of the world’s population
are infected with HCV. According to the WHO estimation,
the highest prevalence of HCV infection is found in
Egypt; where ~15% of the adult Egyptian populations
are infected (Peralta et al., 2012). HCV patients are at
high risk of developing liver cirrhosis, and eventually
hepatocellular carcinoma (Chen and Morgan 2006; Wahid
and Dubuisson 2013).
Unfortunately, the outcome mechanisms of HCV
infection remain; so far; unclear. The coordination

between innate and adaptive immunity is strongly required
for a successful clearance of HCV infection. There is no
doubt that cytokines including IL-27 play a great role as
a link between both adaptive and innate immunity (Koziel
2005). IL-27 is a type 1 cytokine, and is a member of
IL-6/IL-12 family. It has a pivotal effect on T-cells and
acts on innate immune cells (Pflanz et al., 2002).IL-27 is
comprised of two subunits, IL-27 p28 and EBI3 (Sprecher,
Grant et al., 1998; Morishima, Mizoguchi et al., 2010).IL27 binds to receptor complex composed of IL-27Rα (also
called WSX-1) and gp 130 (Pflanz et al., 2004; Kastelein
et al., 2007). Upon binding to its receptor in naїve CD4+
T cells, IL-27 activates JAK/STAT signaling inducing
transcription of effector genes (Ihle, 2001; Takeda et al.,
2003; Sonobe et al., 2005). IL-27 was reported previously
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to exert both pro-inflammatory and anti-inflammatory
effects and have a role in acute phase response to infections
(Ihle 2001; Pflanz et al., 2002; Takeda et al., 2003; Sonobe
et al., 2005).
It has been reported before that IL-12 family
members were shown to play a crucial role against viral
infections(Hunter 2005; Ryan and O’Farrelly 2011).
Similarly, a previous study demonstrated that IL-27 has
INF-like response as it induces antiviral genes including
PKR, 2’-5’ Oligoadenylate synthase and myxovirus
protein 1 (Frank et al., 2010).Indeed, IL-27 was shown
to be a potent inducer of IFN-gamma, which inhibits the
viral replication (Tang et al., 2003). IL-27 was shown
recently to inhibit human influenza virus, HIV, and HCV
replication by inducing an IFN-like response (Fakruddin
et al., 2007; Imamichi et al., 2008; Frank et al., 2010; Liu
et al., 2012).The effect of SNP of IL27p28 (especially
c.-964A/G (rs153109) on progression of various diseases
such asassociation between HBV and HCC (Peng et
al., 2013), HBV susceptibility(Yasser et al., 2014) and
response to HCV genotype 1 therapy (Zicca et al., 2014)
has been evaluated. Here we examined the effect of IL27-p28.rs153109 SNP on the ability of patients infected
with HCV genotype 4a to spontaneously resolve their
infection.

Materials and Methods
Patients
One hundred and sixty nine Egyptians were enrolled
in this study. They were classified into three groups. The
first group included 111 patients with chronic HCV (80
males and 31 females) with age range from 20 to 62 years.
The second group included 42 spontaneous resolvers (30
males and 12 females) with an age range from 23 to 84
years (the same ratio between chronic and spontaneous
resolvers was shown in previous reports (Knapp et al.,
2011; Sharafi et al., 2014; Abdelwahab et al., 2015).
Obviously this is because of the difficulty of collecting
a large number of samples of spontaneous resolvers).
The third group included 16 healthy controls with an age
range from 21 to 50 years,with no history of previous liver
disease (HBV and HCV infection are negative). Patients
and controls enrolled in the current study were matched
for age, ethnicity and geographical residence.Patients with
HBV or other viral infections or any other liver diseases
were excluded.
HCV chronically infected patients and spontaneous
resolvers were recruited from the National Liver Institute,
Menofiya University, Egypt. All subjects were treatment
naïve at the time of enrollment and consequently
HCV-RNA negative and antibody positive subjects
were considered spontaneous clearers of the infection.
Spontaneous viral clearance was defined as being HCV
RNA-negative and anti-hepatitis C antibody-positive
without receiving hepatitis C treatment in two consecutive
tests with an interest interval ≥ 6 months(Haibo Sun and
Bing Sun 2015). Patients enrolled in this study were
subjected to the following procedures: full history taking,
assessment of liver function (i.e. liver transaminases
(ALT and AST) activities, total bilirubin and albumin).
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Genotyping of HCV was conducted as previously
described (Ohno et al., 1997).
The current study was conducted in accordance with
the Code of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. The study
protocol was approved by Faculty of Pharmacy, Minia
University research ethics committee. A written informed
consent to enroll in the present study was obtained from
all patients and controls enrolled in the study.
DNA isolation and determination of the DNA quality and
concentration
Genomic DNA was extracted from whole neutrophil
samples by QIAamp DNA Blood Mini Kit (Qiagen,
Germany) according to the manufacturer’s instructions.
Extracted DNA was applied to 1% agarose gel to confirm
the presence of genomic DNA. The concentration of
DNA in all samples was measured using a Nanodrop
2000 (Thermo Scientific, United States). DNA quality
was assessed by calculating the Kalckar’s formula (the
OD260/OD280 ratio) in order to determine an estimate
for the purity of the nucleic acid.
IL-27p28.rs153109 genotyping
IL-27p28 (-964 A/G) (rs153109) SNP was
determined by PCR-RFLP. The PCR primers were
constructed as reported (Yasser et al., 2014). The
sequence of the forward primer was as follows: 5
́-GGCTGTGCTGGAAGGGAGAC-3́ while that of the
reverse primer was: 5 ́-ATATCTGGGACCAGGGTTAGG3́. The PCR reaction was performed as reported(Yasser,
Samir et al., 2014) with some modifications.
Briefly, a 12.5 μl of Taq PCR Master Mix (Qiagen.),
10 pmol/l of each primer (Invitrogen) and 150ng DNA
were mixed. The PCR cycling was performed as follows:
1 cycle of 94°C (5 minutes), followed by 35 cycles of
94°C (1 minute), 59°C for 45s, 72°C for 2 minutes and
a final extension step at 72°C for 10min. PCR reaction
was performed by Veriti® 96 well thermal cycler
(Applied Biosystems, USA). The 468 bp PCR product
was visualized on a 2% agarose gel. PCR product (10μl)
was subjected to digestion with XhoI restriction enzyme
(Invitrogen, USA).This digestion yielded DNA fragments
of 468 bp (A/A genotype), 468/347/121 bp (A/G genotype)
and 347/121 bp (G/G genotype) using 100 bp DNA
ladder (Qiagen, Gemany). All genotypes were confirmed
by sequencing using 3500 Genetic Analyzer (Applied
Biosystems, USA).We could detect SNP rs153109 by
sequence analysis based on the reference Homo sapiens
sequence of chromosome 16 genomic contig GRCh37.
p13 Primary Assembly (NCBI Reference Sequence:
NT_010393.16).
Statistical analysis
The software GraphPad Prism 5 (GraphPad,Inc, La
Jolla, CA) was used to calculate two-tailed p values
between A/A and A/G genotypes in both chronic and
spontaneous resolvers from 2x2 contingency tables using
Fisher exact test and to calculate p values between A/A,
A/G and G/G genotypes in the groups using Chi square
test.
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Results

bilirubin levels among all three groups (p < 0.05). But
non-significant changes were observed in direct bilirubin
and albumin levels (p > 0.05) among various groups.

Clinical characteristics of the study population
Patients with chronic hepatitis C were positive for
HCV antibody (Ab) and HCV-RNA, whereas spontaneous
resolvers were positive for HCV antibody, and negative
for HCV-RNA. Controls were negative for HCV Ab and
HCV-RNA. The biochemical profile of patients enrolled
in the current study is shown in Table 1.There were
significant increase in ALT and AST activities and total

Association of IL-27p28 (-964 A/G) gene polymorphisms
with the outcome of HCV infection
The rs153109 alleles of the IL-27p28 gene were
examined among patients with chronic hepatitis C
(genotype 4a) and spontaneous resolvers. We analyzed the
genotype ofIL-27-p28.rs153109 on -964A>G using PCR
and RFLP. The restriction analysis product of each PCR
sample was visualized on 2% agarose gel and classified
according to the position of DNA fragments into AA, AG
and GG genotypes (Figure 1).
Our data revealed a differential distribution of IL27p28.rs153109 genotypes among Egyptian patients.AG
genotype was found in 28 out of 111 (25.2%) chronic HCV
patients,15 out of 42 of SR (35.7%) and 10 out 16 controls
(Table 2). The “A” allele frequencies among the chronic
and resolved subjects were 87.4% and 75%, respectively.
On the other hand, the “G”allele frequencies among

Figure 1. A) PCR products for different groups. Lane

1: shows GelPilot 100 bp Plus Ladder (100) DNA ladder. Lane
2: genomic DNA, lane 3: PCR product before digestion. Lanes
4, 5 and 6: are the digest of A/A, A/G and G/G genotypes
respectively.G/G genotype is homozygous having G allele in the
2 copies of the chromosome so the enzyme cuts in both giving 4
pieces (each 2 have the same length so appear as 2 bands 347bp,
120bp) while A/G is heterozygous only one chromosome has the
G allele so the enzyme leaves one uncut 480bp and cut the other
into 2 pieces (340,120) so A/G genotype appears as 3 bands. B)
A, B and C show the sequencing results for the forward strand
of A/A, A/G and A/G genotypes respectively

Figure 2. Genotype Frequencies of IL-27p28 (-964 A/G)
in Different Groups

Table 1. Biochemical Profile for Different Groups
Characteristics
ALT
AST
Bilirubin
Direct bilirubin
Albumin

Chronic HCV ± SD
N= 111
48.0±3.3
67.4±4.4
1.2±0.1
±0.1 0.6
4.4±0.1

SR ± SD
N=42
36.5±5.3
46.4±5.7
0.8±0.1
0.4±0.1
4.8±0.1

Control ± SD
N=16
18.7±5.1
21.2±5.9
0.66±0.18
0.10±0.12
4.3±0.39

P-value
0.0026**
<0.0001***
0.015*
0.095
0.07

*Data are expressed as X-± SD. Significant difference between groups was analyzed by one-way ANOVA, where: (P < 0.05 is considered significant).

Table 2. Genotype Frequencies of IL-27p28 (-964 A/G) in Different Groups
Genotypes
AA
AG
GG

Chronic HCV

SR

Control

74.80%

57.14%

37.50%

25.20%

35.70%

62.50%

0%

7.14%

n (%)

(83/111)
(28/111)
(0/111)

n (%)

(24/42)
(15/42)
(3/42)

n (%)

(6/16)

(10/16)

p value

0.0118*

0%

(0/16)

*Comparing resolvers and chronic HCV subjects by chi square test.
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Table 3. Allele Frequencies Diffrence Between Chronic
HCV Subjects and Spontaneous Reolvers
A allele
G allele

Chronic
87.40%
12.60%

Spontaneous resolvers
75%
25%

p value
0.01368*

*Comparing resolvers and chronic HCV subjects by chi square test

the chronic and resolved subjects were12.6% and 25%,
respectively (p=0.0136)(Table 3).The IL27p28.rs153109
GG genotype was present only in 3 SR subjects (7.14%)
with complete absence in the chronic HCV patients. The
distribution of GG genotype and other genotypes (AA
and AG) was significantly different among the study
populations (p=0.0196). Importantly, subjects with the GG
genotype were more likely to clear their HCV infection
than those with the AA genotype (p=0.0118).

Discussion
The aim of the present study is to investigate the
association between IL-27p28 (-964 A/G) SNP and HCV
outcome among Egyptian HCV patients with genotype 4a
infection. We showed that subjects with the GG genotype
were more likely to clear HCV infection than those with
the AA genotype. IL-27 is a pleiotropic anti-inflammatory
cytokine. It has been shown that IL-27 plays a crucial role
in Th1-mediated responses. These responses may lead to
excessive cell-mediated immunity (Batten and Ghilardi
2007). Therefore, overproduction of IL-27 is expected to
have an impact on chronic hepatitis C evolution. Efforts
are exerted to study the effects of host and viral factors on
different diseases progression and treatment outcome. For
example, host factors like SNPs in IL-28B were found to
affect virus evolution of hepatitis C quasispecies following
to treatment by pegylated interferon and ribavirin
(Komatsu et al., 2014).IL-27 was first described in 2002 as
a novel member of the IL-6/IL-12 family (Pflanz, Timans
et al., 2002) and is known as an essential linker between
innate and adaptive immunity. It plays an important role
in B and T-lymphocytes regulation. It acts together with
IL-12 to potentiate interferon gamma production (Sprecher
et al., 1998).
IL-27 was reported previously as a next generation
biomarker predicting the outcome of several human
diseases and their complications. For example, the
association between IL-27p28 (-964 A/G) (rs153109)
SNP and susceptibility to asthma and inflammatory
bowel disease was found in Korean population (Chae et
al., 2007; Li, Zhang et al., 2009). Also, it was suggested
that IL-27p28 (-964A/G) polymorphism might enhance
cancer risk in Chinese people (Xu et al., 2014).On the other
hand, another study did not find any impact for IL-27p28
SNPs on the susceptibility to colorectal cancer (Huang,
Wang et al., 2012). The effect of IL-27p28 (-964A/G)
on the progression of HBV infection to HCC in Chinese
population was examined.No association was found
between the presence of this SNP and HCC risk (Peng
et al., 2013). Moreover, Yasser et al. did not find any
correlation between the presence of this SNP and HBV
infection among Egyptian patients (Yasser et al., 2014).
SNPs have been proposed as the next generation
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biomarkers for the identification of gene loci associated
with various diseases and their complications (Kruglyak
1997; Schafer and Hawkins 1998). Indeed, recent studies
revealed the effect of SNPs in IL-27 promoter region on
modulating the progression of infectious diseases and
the patient’s susceptibility to therapeutic response. The
effect of IL-27p28 (-964 A/G) on the progression of HBV
was examined. The results showed that GG genotype
is only present in the patient group of SVR and absent
in the groups of relapsers and non-responders (Zicca et
al., 2014). Our results showed that the presence of GG
genotype only in the HCV infected patients may suggest
a role in spontaneous resolution of HCV infection.
Therefore, we propose IL-27p28 (-964 AG) as a potential
genetic biomarker that can help in predicting the HCV
infection outcome.
In conclusion, IL-27p28.rs153109 (-964 A/G) can be
used as a genetic biomarker for predicting the outcome
of HCV infection.
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