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Impact of Interleukin-28B gene polymorphism
(rs12979860) on Egyptian patients infected with
hepatitis C virus genotype-4
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ABSTRACT Single nucleotide polymorphisms (SNPs) in the Interleukin (IL)-28B gene, namely rs12979860, could
predict response to pegylated interferon-a-ribavirin (PR) therapy in hepatitis C virus genotype 1 (HCV-1)-infected
patients. A similar role was investigated in a case-control study conducted on 93 Egyptian patients chronically
infected with HCV-4 in comparison to 22 individuals with spontaneous HCV clearance and 70 healthy volunteers.
The homozygous C allele genotype (CC) was associated with sustained viral response (SVR) to therapy compared
with the homozygous T allele genotype (TT) and the heterozygous genotype (CT). In the SVR group, the response
rate was statistically significantly higher in CC genotypes (58.6%) compared with CT/TT (20.3%). There was no
correlation between SVR patients’ genotypes and early response to therapy or HCV baseline viral load. Ourfindings
describe how /L-28B SNP genotyping may guide appropriate selection of HCV-4-infected patients for PR therapy.

Impact du polymorphisme du gene de I'Interleukine-28B (rs12979860) chez des patients égyptiens infectés par le
virus de I'hépatite C de génotype 4

RESUME Les polymorphismes mononucléotidiques du géne de I'Interleukine (I1)-28B, en I'occurence le
rs12979860, permettent de prédire la réponse au traitement par interféron-a pégylé associé a la ribavirine chez des
patients infectés par le virus de I'hépatite C de génotype 1. Un role similaire a été examiné au cours d'une étude cas-
témoins conduite aupres de 93 patients égyptiens chroniquement infectés par le virus de I'hépatite C de génotype
4 comparés a 22 sujets ayant connu une clairance spontanée du virus de I'hépatite C et a 70 volontaires en bonne
santé. Le génotype CC homozygote pour l'allele C a été associé a une réponse virale soutenue au traitement par
rapport au génotype TT homozygote pour l'allele T et le génotype CT hétérozygote. Dans le groupe ayant obtenu
une réponse virale soutenue, le taux de réponse était statistiquement supérieur pour les génotypes CC(58,6 %) par
rapport aux génotypes CT/TT (20,3 %) Aucune corrélation n'a été observée entre le génotype des patients ayant
obtenu une réponse virale soutenue et une réponse précoce au traitement ou la charge virale initiale du VHC. Nos
résultats décrivent comment le génotypage des polymorphismes mononucléotidiques du gene de I'Interleukine-
28B faciliterait la sélection des profils appropriés de patients infectés par le virus de I'hépatite C de génotype 4 pour
qu’ils recoivent un traitement par interféron-a pégylé associé a la ribavirine. Nous soulignons le role du génotypage
(I1)-28B en tant qu’outil susceptible d’augmenter le rapport colit-avantages de ce traitement en Egypte.
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Introduction

Hepatitis C virus (HCV) infection,
one of the major causes of liver dis-
ease worldwide, is highly prevalent in
Egypt with a predominance of HCV
genotype 4 (HCV-4) [1]. Infection
outcome depends on how people
respond to the HCV virus. About 20%
of acutely infected persons can clear
the virus; this is known as “spontane-
ous clearance” [2]. Despite significant
improvements in HCV treatment,
e.g. in treatment of other forms such
as HCV-1, the efficacy of pegylated
interferon (Peg-IFN)/Ribavirin to in-
duce sustained virological eradication
is only expected to be achieved inup to
60% of Egyptian patients infected with
HCV-4 [3]. Taking into considera-
tion the side-effects of the treatment
and the low compliance, clinicians
should have accurate determinants of
response to treatment to help them
distinguish responders from non-
responders [4].

Genetic variants in immune re-
sponse genes influence disease out-
come and the likelihood of achieving
spontaneous viral clearance or sustained
viral response (SVR) [S]. Recently,
Interleukin-28B gene (IL-28B) polymor-
phisms were shown to strongly predict
viral clearance [5,6]. The rs12979860
is a single-nucleotide polymorphism
(SNP) located 3 kb upstream of the
IL28B gene region [6]. It seemed to be
a good predictor for spontaneous clear-
ance and treatment associated resolu-
tion of HCV in several genome-wide
association studies [7-9]. The distribu-
tion of rs12979860 and its relation to
treatment response have been studied
in HCV-1- and HCV-2-infected pa-
tients, and to a lesser extent with HCV-3
[7,10]. To date, one cohort study con-
ducted on Egyptians has reported the
association between rs12979860 and
HCV spontaneous clearance [11]. In
addition, 2 studies have described its
frequency in HCV-4-infected patients
[12,13].

In the current study, we describe
for the first time the distribution of
rs12979860 genotype and allele fre-
quency in healthy Egyptian individu-
als compared with HCV spontaneous
clearance patients and HCV-4-infected
patients treated with IFN therapy. We
also analysed the possible correlation
between the pattern of this SNPin HCV
patients and the clinical aspects of the
disease, including treatment response.

Patients

This matched case—control study com-
prised 93 patients chronically infected
with HCV-4 followed up in the Gas-
troenterology and Hepatology Unit,
Department of Internal Medicine, Suez
Canal University Hospital, Ismailia,
Egypt, between July 2011 and Janu-
ary 2012. Seventy three (73) patients
(78.5%) finished the treatment regimen,
which consisted of 180 pg pegylated
interferon-a-2a (peglFN)/week plus
8001400 mg Ribavirin (RBV) given
orally daily based on body weight for 48
weeks. The rest of the patients (21.5%)
were still under treatment. Clinical and
laboratory data of HCV patients at the
time of diagnosis and prior to therapy
were retrieved from their files, including
HCV RNA titre, HCV genotype and
liver biopsy findings.

HCV patients were further stratified
according to their response to treat-
ment into:

« SVR: patients who were HCV RNA
negative more than 6 months after
the end of therapy (30/93,32.3%).

« EVR: patients who had undetectable
HCV RNA at weeks 4 and 12 during
therapy (20/93,21.5%),

« non-responders (NR): patients who
did not respond to treatment or had a
relapse after the end of therapy [total:
43 patients (46.2%); non-respond-
ers: 25/93 (26.9%); relapsers: 18/93
(19.3%).

Twenty two (22) participants who
had > 2 positive HCV antibody tests
and > 2 negative HCV RNA results
more than 3 months apart were also
enrolled in the study as having sponta-
neous HCV clearance.

Patients co-infected with hepatitis
B virus, HIV or schistosomiasis were
excluded from the study.

Controls

Seventy apparently healthy, age- and
sex-matched volunteers were recruited
from the blood bank in the Suez Canal
University hospital, Ismailia, Egypt.
They were negative for anti-HCV an-
tibody, hepatitis B surface antigen and
HIV antibody and had normal levels of
liver enzymes. They had negative serum
HCV RNA as detected by quantitative
real time polymerase chain reaction

(RT-PCR).

Ethical considerations

This study was conducted in accord-
ance with the guidelines in the Decla-
ration of Helsinki and was approved
by the Review Board of the Faculty of
Medicine, Suez Canal University. In-
formed, written consent was obtained
from all participants.

Hepatitis C virus antibody
testing:

Positivity for hepatitis C virus antibody
in patients with spontaneous HCV
clearance and negativity in the control
group were confirmed with com-
mercially available, third-generation
enzyme-linked immunosorbent assay
(ELISA) kits (Abbott Laboratories,
North Chicago, Illinois).

Quantification of hepatitis C
virus RNA levels

Viral RNA was extracted from partici-
pants' sera samples using QlAamp Viral
RNA Mini Kit (Cat No. 52904, Qiagen
GmbH Corporation, Hilden, Ger-
many). RT-PCR was performed using
TagMan One-Step RT-PCR master
mix Reagents Kit [Cat No. 4309169,
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Applied Biosystems, Foster City, Unit-
ed States of America (USA)], primers
and a FAM labelled HCV probe for
the 5" non-coding region of the HCV
genome (Applied Biosystems). HCV
RNA titres of samples were determined
using ABI prism 7000 software (Ap-
plied Biosystems). The detection limit
was S0 IU/mL.

IL-28B polymorphism
genotyping:

Genomic DNA was extracted from
peripheral blood leukocytes using the
Wizard Genomic DNA Purification
Kit (Promega, Madison, Wisconsin,
USA), and stored at —20 °C until geno-
typing was performed. Detection of
rs12979860 C/T polymorphism was
performed by PCR and restriction frag-
ment length polymorphism analysis
(RELP).

PCRs were carried out in a total
volume of 25 pL with 150 ng genomic
DNA, 2.5 U Taq polymerase in 1X
Taq polymerase buffer (Promega), 1.5
mmol MgCl,, 0.2 mM of each dNTP,
and 10 pmol of the following primers,
S“AACTCAACGCCTCIICCTC-
CT-3' (forward) and S-TTCCCA-
TACACCCGTICCTGT-3' (reverse)
[14] generating a 402 bp PCR product.
PCR amplifications were performed as
follows: initial denaturation at 94°C for S
min, followed by 35 cycles at 94 °C for 30
sec, 58 °C for 30 sec,and 72 °C for 1 min,
with a final extension at 72 °C for 10 min.

Ten uL of the amplified product was
digested overnight at 37 °C with 2U of
BstUI restriction enzyme (Fermentas
Inc, USA). According to the digestion
products visualized on 2% agarose gel,
rs12979860 genotypes were catego-
rized into: CC genotype, identified by
the presence of 4 bands (170, 118, 89,
and 25 bp), and TI' genotype, which
generated 3bands (195,118 and 89 bp).

Statistical analysis

Statistical analysis was performed using
SPSS, version15.0. Results were pre-
sented as mean and standard deviation

(SD) or percentage, as appropriate.
Hardy—Weinberg equilibrium was de-
termined by the chi-squared test with
1 degree of freedom. Allele frequen-
cies for IL-28B SNP were calculated
and compared between those with
sustained responders to treatment,
spontaneous clearance and HCV
persistence using MedCalc software,
version 12.0.1.

The association of polymorphisms
with treatment response, viral clearance
or persistence was examined for statisti-
cal significance using standard Pearson
chi-squared test or Fisher exact test, as
appropriate. Odds ratios (ORs) with
95% confidence intervals (Cls) were
calculated to assess treatment response

conferred by a specific allele.

Differences were considered statisti-
cally significant at P < 0.05.

Characteristics of HCV-
infected patients

Demographic characteristics and clin-
co-laboratory data of chronic HCV
patients and individuals associated with
viral clearance are summarized in Table
1. HCV patients ranged from 23 to 65
years of age; the majority of patients
were older than 40 years (87.1%).
Patients with HCV spontaneous clear-
ance had significantly lower mean age
compared to the total HCV patient
group (P <0.001) ranging from 18
to S5 years (Table 1). There was no
sex difference between HCV patient
subgroups or viral clearance individu-
als (male/female ratio ~ 1.7 and 2:1,
respectively).

Genotypes distribution and
rs12979860 polymorphism
alleles' frequency

The rs12979860 genotypes fitted
the Hardy—Weinberg equilibrium in
all studied groups and subgroups (P
> 0.05). There was no difference in
either genotype distribution or allelic
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frequencies in healthy controls com-
pared to total HCV-4-infected pa-
tients at the rs12979860 loci (Table
2). The favourable C allele frequency
was statistically significantly higher in
individuals with spontaneous HCV
clearance compared to total HCV
patients and the control group (75.0%
vs. 56.4% and 55.0%, respectively; P =
0.026 and 0.02 respectively) (Table
2). Individuals who carried the pro-
tective CC genotype were 2.6 (95%
CI: 1.02-6.8; P = 0.04) times more
likely to clear the virus than those who
carried the CT/TT genotypes (Table
2).

rs12979860 SNP association
with host response to
combined interferon therapy
Frequencies of 112979860 genotypes
and alleles were tested for their asso-
ciation with response to PR therapy
in treated chronic HCV patient sub-
groups. The CC genotype was sig-
nificantly associated with sustained
response to combined IFN therapy
compared to CT/TT (56.7% vs 13.9%
in the NR subgroup) (OR = 8.06; 95%
Cl: 2.61-24.8; P = 0.003) (Table 2).
Furthermore, the favourable allele C
frequency was significantly higher in the
SVR than in the NR subgroup (73.3%
vs44.2% (OR = 3.47;95% CI: 1.7-7.08;
P=0.006) (Table2).

When the early response to com-
bined IFN therapy was considered,
there was no statistically significant dif-
ference in genotypes distribution or
allelic frequencies in the EVR subgroup
compared to NR patients (P>0.05)
(Table 2). In addition, there was dif-
ference in the proportion of CC geno-
type patients who achieved early viral
response compared to CT/TT in the
SVR group, although the difference was
not statistically significant (41.1% vs
30.7%; P = 0.2). Interestingly, EVR was
lower in NR patient with CC genotype
compared to CT/TT, but again the dif-
ference was not significant (16.7% vs
27%; P=0.59).
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Factors associated with treatment response or viral

2 2 - clearance in relation to the rs12979860 SNP and
% = 84 different clinico-laboratory risk variables
2 = ! ; E; Univariate analysis showed no relationship between viral clearance and
_g Sri i 3 the patients'sex (OR =0.8;95% CI: 0.3~ 2.1; P=0.6) whereas older age
g 5 at infection was associated with viral persistence (OR = 9.75; 95% CI:
S 34-27.7; P < 0.001). Analysis of the different clinicolaboratory vari-
e B o > . % ables in relation to treatment response showed no significant role of the
Tlg 23 = S o g patient’s sex or baseline viral load on treatment outcome. On the other
= = =< § hand, later age at onset of therapy and advanced fibrosis score seemed
@ N @ S & § to have a negative effect on treatment response (Table 3).
S - § In relation to the rs12979860 genotypes, the sustained response
ﬁ ? rate in the SVR group was significantly higher in CC genotype patients
§ 22 = 3F S (58.6%) compared to CT/TI (20.3%) (P = 0.0003). Univariate
§ S analysis revealed an association between advanced stages of fibrosis
'g\} T 2dn22 £ (22) and rs12979860 CT/'IT genotypes in the total treated patients
@ oo T bR § group (OR =5.03; 95% CI: 1.29-19.48; P = 0.019). However, in the
TR QRN R g SVR subgroup, the stage of liver fibrosis was independent of IL28B
- 3 SNP genotype (CC vs CT/TT) (OR = 1.57; 95% CI: 034-72; P =
S - "§ 0.55). Moreover, SVR patients with CC genotype had slightly higher
3 § % % mean baseline viral load compared with the NR subgroup and also
9.03 < :5 215 ¢ compared with responders with CT and TT genotypes (mean: 2.1 (SD
= s - S 2| &8 12); 1.7 (SD 0.86); 1.37 (SD 0.83) and 1.18 (SD 0.56) x 10°TU/mL,
% 3 < _:I_ E respectively). The differences were, however, not statistically significant
3 = s § (P=0.098,0.075 and 0.079 respectively).
g 28 Z S S|z . .
< S ==
g ; E ; ; o The rs12979860 SNP in IL-28B gene loci has been identified as the

strongest predictor of spontaneous HCV viral clearance [5,6,8] and
SVR to IFN therapy [6,7]. The current study investigated the associa-

not significant (P > 0.05); NR

CCvs. CT/TT genotypes or Cvs. T allele were compared in: “total HCV patients group vs control group; *SVR group vs NR group, ‘EVR group vs SVR group, and in HCV clearance group vs “total HCV group and ¢control group.

Table 2 Comparison of genotype distribution and allele frequencies of rs12979860 polymorphism among the various patient groups

g tion ofrs 12979860 SNP with different treatment outcomes in Egyptian
z ) patients infected with HCV-4, as well as allele frequencies in the normal
= n 1 O ®© O g
g cx g4 dg S population. In spite of the small number of healthy subjects enrolled in
S s the study, the C allele frequency was lower in both controls and total
?:3 oL =Ko 5 HCV-infected patients, approximately 55%, compared with individuals
8 “'E? with spontaneous clearance and SVR, approximately 75%. The C allele
£ NN O O © in ;z frequency in our population is similar to previously reported data in
»R 2R IF .§ Europeans (52%-79%) in the ALlele FREquency Database [15]. We
S also demonstrated that the favourable CC genotype is strongly associ-
S 3 ated with SVR to combined IFN therapy. However, early responders
;l had similar genotype distributions and allelic frequencies compared
g ‘é with non-responders. Surprisingly, the protective genotype was ac-
L % companied by a high baseline viral load, even in the SVR subgroup,
g z while sustained response was not associated with an early response to
= =
s < therapy.
I <
o ) S 5 é A similar protective role of rs12979860 CC genotype has been
3 L s = g L= B reported in different racial groups infected with HCV-1 [6,7,16] and
—_— o ~ Qo
PED > L ¥ ! 2 < "‘S in a few studies on HCV-4-infected patients [12,13,17]. In addition,
£ Ix==x £5 S the association between the rs12979860 C allele and natural HCV
< = > > O g I
(=5 < & Z W O wn

Cl

clearance was confirmed in European cohorts [5,7] and has been
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Table 3 Relationship between treatment response and clinical and laboratory risk factors

Variable Responders? Non-responders® OR (95% CI)
(n=30) (n=43)
No. % No. %

Sex

Female 18 60.0 27 62.8 1

Male 12 40.0 16 372 1.1(0.43-2.9) 0.8
Age group (years)

<40 8 26.6 4 9.3 1

>40 22 734 39 90.7 3.5(0.95-13.1) 0.058
Fibrosis (Metavir score)

<1 1 36.6 0 0.0 1

>2 19 63.4 43 100.0 51.3(2.87-915.3) 0.0007
Baseline viral load (IU/mL)

<6x10° 3 10.0 3 7.0 1

>26x10° 27 90.0 40 93.0 1.48 (0.28-7.9) 0.64

“Patients with sustained viral response to peg-1FN/RBV therapy.

bNon-responder or relapser group.
OR = odds ratio; Cl = confidence interval.

tested in only 1 Egyptian study [11].
Although the protective genotype fre-
quency in the current study was slightly
higher than that reported by Asselah et
al. [12] and De Nicola et al. [13] (23%
and 26.8%, respectively), the response
rates of the CC genotype patients with
SVR in these 2 studies were quite high
compared with our results (81.8% and
89%, respectively, vs. 58.6%). Several
host and viral factors have been identi-
fied as predictors of treatment response,
yet ethnic differences and the genetic
make-up of infected patients is worth
further investigations to help selecting
putative responders to IFN therapy.
For example, rs12979860 TI" genotype
correlated to non-response and/or re-
lapse in Africans although it had a higher
frequency in SVR patients of European
ancestry [18].

The exact biological pathways
underlining the IL28B gene SNP as-
sociation with treatment response and
viral clearance remain unknown. Host
innate immune mechanisms including
IEN-), a direct product of the IL28B
gene, control viral infection [19]. Initial
binding of TFN-As to its receptor is fol-
lowed by several events that end with
the induction of interferon-stimulating

genes (ISGs) [19]. It is speculated that
this mechanism suppresses viral infec-
tion. Moreover, IFN-A has been shown
to block HCV replication in human
hepatocytes in vitro [20]. The role of
IL-28B variants in relation to INF-A3
expression could be explained by a

number of possibilities:

o IL-28B SNP may be a marker of an-
other DNA sequence that modifies
the gene expression. Actually, the pro-
tective CC genotype of rs12979860
is strongly associated with a non-
synonymous [L-28B mutation
(rs8103142). Since this mutation is
distant from the receptor binding site,
it has no effect on INF-A3 antiviral
activity [21].

o 'The upstream location of the
rs12979860 SNP in IL-28B gene may
correlate with the regulation of IL-
28B transcription [6].

o Alternatively, it can act indirectly
through modification of a transcrip-
tion factor binding site [22].

o Finally, IL28B variants might cause an
abnormal expression of endogenous
IFN-A3 (non-, weak-, or hyper-func-
tioning variants). This might alter the

host response to antiviral therapy by

negative feedback [22].

Our data did not show any differ-
ence in C allele frequency between early
respondersand non-responders/relaps-
ers subgroups. In addition, the SVR
subgroup was not associated with early
response to therapy, even in CC geno-
type patients. This was unexpected since
1512979860 CC genotype has been
reported to be associated with EVR
in HCV-1-infected patients [5,7,16],
HCV-2 and -3 [23], and HCV4 [17].
This controversy could be related to
the direct effect of variables like eth-
nicity, liver fibrosis staging and HCV
viral load [3]. In fact, the mechanism
by which the SNPs in IL28B affects the
IEN signalling pathways still needs to
be further clarified, in particular its role
in early response to treatment. In agree-
ment with our findings, Marcello et al.
[19] found that IFN-)s activity against
HCV in vivo was mediated through slow
induction of steady increase in ISGs
genes, whereas IFN-a resulted into an
early activation of ISGs followed by a
rapid decline [19]. We can speculate
that the effect of endogenous INF-) is
more related to the sustained response
to combined IFN therapy than to the
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early response. However, the role of CC
genotype at the rs12979860 locus in
relation to early response to treatment
should be confirmed with a larger scale
study.

Our results confirm the positive role
of IL-28B polymorphism in maintaining
IEN treatment response in HCV-4-in-
fected Egyptian patients. These findings
emphasize the concepts of tailored ther-
apy and pharmacogenetics that should
be clinically considered for successful
treatment response in HCV-4-infected
patients. Given the high association of

rs12979860 CC genotype with SVR
but not with EVR, this should encour-
age clinicians to continue the therapy,
even in the absence of early response.
This is essential in low-income, develop-
ing countries with a high prevalence of
HCV infection like Egypt where treat-
ment cost is a major concern.

Given the known variable response
to IEN therapy and its side-effects, our
findings report the priority of IL-28B gene
variation assessment in the proper selec-
tion of patient for therapy. Our data shed
the light on the pattern of IL-28B SNP
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in chronic HCV-4 patients and its as-
sociation with the different variables that
can alter the physician’s decision prior to
therapy. Lastly, we describe an effective,
simple and low-cost approach of IL28B
SNP genotyping using PCR-RFLP pro-
cedure. Characterization of rs12979860,
in correlation with variables like viral load
and liver fibrosis stage, would maximize
the cost-benefit of therapy in Egypt and
prevent advanced liver disease, including
hepatocellular carcinoma.
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