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Abstract

AIM: To analyze the polymorphisms of C7LA4-4 gene
involved in the response against hepatitis C virus (HCV)
infection.

METHODS: We recruited 500 hemodialysed patients
from several hemodialysis centers, all HCV-antibody
positive, spread over different regions of Tunisia,
as part of a national survey in 2008 conducted in
the laboratory of immunology at the Charles Nicolle
hospital Tunisia, classified into two groups G1 (PCR+)
and G2 (PCR-) according to the presence or absence
of viral RNA. Of these patients, 307 were followed
prospectively on a viral molecular level over a period
from 2002 to 2008, divided into two groups based on
the persistence and viral clearance. PCR-RFLP was
performed for the analysis of SNPs (+49) A/G and
(+6230) G/A CTLA-4 for these 500 patients and 358
healthy controls.

RESULTS: Analysis of clinical and virological charac-
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teristics of our cohort suggests a nosocomial infection
in our hemodialysed patients with transfusion history as
a primary risk factor and a predominance of genotype
1b. The haplotype analysis revealed an increase of
frequencies of GG (+49)/(CT60) C7LA-4 in the entire
patients group compared to controls (P = 0.0036 and
OR = 1.42; 95%CI: 1.12-1.79, respectively). This
haplotype is therefore associated with susceptibility to
HCV infection.

CONCLUSION: Our study suggests a possible role of
CTLA-4 polymorphisms in the outcome of HCV infection
in the Tunisian hemodialysed population.

Key words: Hepatitis C virus; Hemodialysis; Natural
evolution; C7LA-4 polymorphisms

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical and virological characteristics of
our cohort suggest a nosocomial hepatitis C virus
(HCV) infection in Tunisian hemodialysis patients
with transfusion history as a primary risk factor and a
predominance of genotype 1b. No significant association
was found for the two C7.LA4-4 SNPs studied either
to spontaneous clearance, persistence or protection
against HCV infection. The GG (+49)/(CT60) C7LA-4
haplotype is therefore associated with susceptibility to
HCV infection. The study of other susceptibility genes for
HCV infection will certainly allow a better understanding
of the molecular mechanisms of spontaneous viral
clearance or persistence of HCV infection.
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INTRODUCTION

Hepatitis C is relatively a common disease. An
estimated 3% of the world population is chronically
infected, and hepatitis C virus (HCV) is responsible of
about 70% of cases of chronic hepatitis, cirrhosis and
a major cause of hepatocellular carcinoma (HCC)™.
Only 20% of infected patients spontaneously clear the
virus.

The reason for this variation in disease expression
is unknown and has been correlated with a strong
immune response. Both CD4+ T helper and CD8+
cytotoxic T lymphocyte (CTL) responses are important
in the response to HCV infection®..

In early HCV infection, a vigorous CD4+ T cell
response is associated with viral clearance. In contrast,
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patients developing a chronic infection show a pre-
dominant Th2 response. These findings indicate that the
ability to mount an efficient cellular immune response is
the main mechanism responsible for HCV control, while a
defect in this response leads to chronicity™.

Host genetic factors that govern these responses may
also modify the course of HCV infection. Polymorphisms
in HLA molecules, as well as inflammatory molecules
genes, appear to be associated with natural clearance
and chronic progression of HCV infection®>!. We and
others have recently described the association of
polymorphisms in chemokine and cytokine genes with
both clearance and progression of HCV infection™®”.

Differences in chemokine and cytokine expression
between Th1l and Th2 cells might explain the regu-
lating T helper cell polarization and their selective
recruitment to liver tissue.

The CTL antigen-4 (CTLA-4), encoded by a gene on
chromosome 2qg33, is expressed on activated CD4+
and CD8+ T cells. It binds to the ligands B7-1 (CD80)
and B7-2 (CD86) and down regulates T cell function'.
Mice deficient in CTLA-4 exhibit polyclonal T cell
activation and proliferation®’. CTLA-4 gene has several
polymorphic markers and the most frequently studied
are +49 A/G in exon 1 and CT60 at 3’ untranslated
region™®. Change of +49A for allele G causes thre-
onine to alanine conversion in CTLA-4 protein. In
vitro study demonstrated that the presence of the
G allele results in inefficient CTLA-4 glycosylation
and reduced cell surface expression. The CT60 poly-
morphism represents substitution of A to G at +6230
region leading to reduced mRNA expression™, These
polymorphisms have been extensively studied with
association to several autoimmune disorders and
infectious diseases.

The aim of this study was to investigate the
distribution of SNPs (+49) A/G and (CT60) G/A
CTLA-4 in HCV infected hemodialysis Tunisian patients
in comparison with healthy controls. Furthermore,
we have analyzed the association of particular
genotypes with outcomes of HCV infection, in terms of
susceptibility to HCV infection, spontaneous clearance
or viral persistence.

MATERIALS AND METHODS

Study subjects

This retrospective study involved 500 HCV-infected
individuals dialyzed with confirmed antibody positivity
to HCV. Dialyzed patients were recruited from different
hemodialysis centers spread over different regions of
Tunisia, as part of the national survey conducted in
2008 in the Laboratory of Immunology at the Charles
Nicolle hospital, Tunisia. They were negative for hepatitis
B surface antigen (HBsAg) and HIV infection. Data from
each patient included age at diagnosis, gender and
possible risk factors for HCV (such as transfusion) were
obtained at the hemodialysis centers. Total patients
were matched in age and gender and were divided into
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Table 1 Sequences of primer and PCR conditions

Temperature, time and cycles for PCR

Polymorphisms Primers

CTLA-4 Forward:

(+49) A/G 5 CAAGGCTCAGCTGAACCTGGGT3
Reverse:
5TACCTTTAACTTCTGGCTTTG3’

CTLA-4 Forward

(+6230) G/A CT60 Sens:

5 CACCACTATTTGGGATATACC 3’
Reverse

CT60 Antis:

5 AGCTCTATATTTCAGGAAGGC 3’

Initial denaturation for 4min at 94 C, 35 cycles of 30 s at 94 C, 30 s at
67 'C and 1 min at 72 ‘C and final elongation 5 min at 72 C

Initial denaturation for 5 min at 94 C, 30 cycles of 40 s at 94 'C, 30 s at
61 'C and 50 s at 72 'C and final elongation 7 min at 72 C

two groups according to the presence or absence of viral
RNA in 2008: Group 1 (G1) included 240 patients who
were HCV-RNA positive; and Group 2 (G2) consisted
of 260 subjects who were HCV-RNA negative. Among
the 500 patients, 307 were prospectively followed
at a serological and molecular level of HCV infection
over a period of 6 years, from 2002 to 2008. These
patients were classified into: “Persistence group” which
included 159 patients with persistent HCV infection as
assessed by two positive PCR tests for HCV-RNA, and
“Clearance group” consisting of 148 subjects considered
to have spontaneously recovered from HCV infection
as suggested by two negative consecutive HCV-PCR
detections one year apart. None of these patients had
received treatment for HCV infection before entering
the study. In addition, blood samples were obtained
from 358 ethnically and geographically matched healthy
individuals who tested negative for HBsAg, HIV-Ab and
HCV-Ab. These 358 subjects served as a control group.
The study was approved by the ethics committee of
Charles Nicolle Hospital (Tunis, Tunisia) and all patients
gave informed consent.

HCV RNA detection

HCV RNA in serum was detected by RT-PCR (Inno-
Lipa HCV II, Innogenetics, Belgium) according to the
manufacturer’s instructions. Patients who were HCV-
PCR positive on the initial assessment and became
consistently HCV-PCR negative were classified HCV-PCR
negative.

Typing HCV

HCV genotypes were determined by inverse hybri-
dization using a specific oligonucleotide probe assay
(HCV Genotype Assay Lipa Innogenetics).

DNA extraction

Blood samples were collected in EDTA, and DNA was
isolated by the Salting-Out method reported by Miller
et al'?,

Detection of CTLA-4 SNP’s

Typing of exon 1 A/G transition at position +49 and
3" UTR (+6230) G/A CTLA-4 gene polymorphisms
was achieved by the PCR-RFLP (Restriction Fragment
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Length Polymorphism) method using a PCR System
2700 Thermal Cycler (Applied Biosystems, Gene Amp
®), The PCR protocol and the primers used are listed
in Table 1. PCR was carried out in a final volume of
25 pL containing 50 ng of genomic DNA, 1.5 mmol/L
MgClz, 0.2 mmol/L dNTP, 10 pmol of each primer and
0.5 U of Tag DNA polymerase (Promega United States).
All PCR products were confirmed by 2% agarose gel
electrophoresis. Three microliters of reaction mixture
from each sample was digested with 5 U KpnlI restriction
enzyme for (+49) CTLA-4, 5 U Ncol restriction enzyme
for CT60 CTLA-4 at 37 °C for 16 h. These products were
loaded into 4% agarose gels and stained by ethidium
bromide.

Statistical analysis

Genotype and allele frequencies were performed using
the SPSS 17.0. Haplotype frequencies and Hardy-
Weinberg equilibrium P values were estimated by the
web site http://bioinfo.iconcologia.net/snpstats/start.
html. Statistical comparisons were made between the
different groups of patients and controls by the * test
calculated on 2 x 2 contingency tables. The Fisher's
exact test was used when expected cell values were
less than 5. A P value less than 0.05 was considered
statistically significant. The strength of the association
between genotypes or alleles in each group was
estimated by calculating the odds ratios (OR) and
95%CI using the same software. Logistic regression
models were used to evaluate the relationships with
the different factors (including confounders) and to
estimate adjusted ORs (Exp(B)).

RESULTS

The clinical and virological characteristics of the total
patient population are summarized in Table 2. Two
hundred and forty eight men and 252 women with a
mean age of 54.8 = 14.17 years were recruited from
102 dialysis centers (23 from the public sector and 79
from the private sector) with a regional distribution as
follows: 44% in Tunis, 26.2% in the South, 10% in the
North West, 9.2% in Central, 6.6% in the North and 4%
in the North East. One hundred and sixty nine patients
(71%) had a history indicating risk of exposure to HCV
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Table 2 Clinical and viral characteristics of total patients
group 71 (%)

Characteristics Patients (» = 500)
Gender M/F (SR) 248/252 (0.98)
Age (mean * SD, yr) 54.8 +14.17
Regional distribution
Tunis 220 (44)
North west 50 (10)
North 33 (6.6)
North East 20 (4)
Center 46 (9.2)
South 131 (26.2)
Risk factors
Blood transfusions 169 (71)
Invasive procedures 128 (53.8)
Erythropotetin 103 (25)
Sector
Private 405 (80)
Public 94 (20)

Hemodialysis average duration (mo) 11817 +71.74

SR: Sex ratio.

due to blood transfusions and 53.8% due to surgical
or medical invasive procedures. Further characteristics
are listed in Table 2.

G1 was composed of 121 males and 119 females
(SR = 1.01), with a mean age of 54.7 £ 14.10 years.
Of G2, 127 were males and 133 were females (SR =
0.95) with a mean age of 54.8 + 14.6.

In the persistence group, 82 were males and 77
female (SR = 1.06, mean age = 54.7 £ 14.10 years).
The clearance group were composed of 78 males and
70 females (SR = 1.11, mean age = 55 + 14.01 years).

According to Table 3, we note that private dialysis
centers are much more common than public centers.
Nevertheless, this sectorization is not associated
with viral replication. Indeed, the private sector was
represented in 79.6% against 20.4% for the public
sector in G1 and 82.3% vs 17.7% in G2.

However, while the frequency of the private sector
was similar in the two groups of clearance (89.2%)
and persistence (83.6%), an increase in the frequency
of the public sector in the persistence group (16.4%)
compared to that in the clearance group (10.8%) was
observed.

Overall the distribution of different genotypes in
G1 reveals a predominance of genotype 1b (73.5%),
followed by genotype 4 (11.2%), genotype 2a/2c
(10%), then genotype 1a (3.2%) and genotype
3 (1.6%) (Figure 1) (HCV genotypes have been
determined in 189/240 patients with active viral
replication during the 2008 survey).

There is a great variability in the regional dis-
tribution of genotypes of HCV, indeed, genotype 1b
is observed in all regions of Tunisia. It predominates
in the center (90.4%), the South (86.7%) and North
West (83.3%). This genotype is less common in Tunis
(69.7%), North East (50%) and the North (45.5%).
Apart from this genotype some areas are characterized

JRaishideng®
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3.20%

Figure 1 Distribution of different hepatitis C virus genotypes frequency in
G1.

by a relatively high frequency of a second genotype.
This is the case for genotype 2a/2c in the Northern
region (45.5%) and the South (13.3%) and also for
HCV-4 with a frequency range from 40% in the North
East to 9% in the North through the Tunis region
(14.1%) and the North West (11.1%). The frequency
of genotype 1a is relatively low, in the order of 6.1%
in the Tunis region and 4.8% in the Center. HCV
genotype-3 was observed in the North West (5.6%)
and Tunis (2%).

HCV genotypes were analyzed in only 142/159
patients with persistent HCV infection and in 39/148
hemodialysis patients who spontaneously cleared the
virus during the period 2002 to 2008 because the
serial and annual harvest of these 39 patients were
positive in the years 2002-2003 and consequently
HCV-RNA could be genotyped. As shown in Table 4, if
the frequencies of the genotypes 1b and 4 are similar,
HCV 2a/2c is observed among patients with persistent
viral replication compared to those having cleared the
virus spontaneously. However, this difference is not
statistically significant.

CTLA-4 polymorphisms

The genotype and allele frequencies of CTLA-4 gene
polymorphisms in hemodialysis patients and in the
control group are shown in Table 5.

Comparison of genotype and allele frequencies in
all HCV-infected patients and controls and between
other different groups of patients did not reveal a
significant difference.

Haplotypes formed by variants (+49) A/G and
(CT60) G/A were reconstructed in the cohort of 500
patients and the normal controls. A near-complete
linkage disequilibrium (LD) exists between these two
variants (D = 0.0627, D’ = 0.45, r = 0.27). The four
haplotypes (GG, GA, AA and AG) were present in all
groups studied (Table 6). The distribution of haplotypes
differed significantly between the total HCV infected
patients and healthy control groups. The (+49) G
(CT60) G haplotype was present in more of the entire
patient group compared to healthy controls (35.3% vs
29.9%, P = 0.0036; OR = 1.42; 95%CI: 1.12-1.79).
No significant association was found according to the

September 21, 2015 | Volume 21 | Issue 35 |



Ksiaa Cheikhrouhou L et a/. Natural evolution of HCV infection in hemodialysis Tunisian patients

Table 3 Number and sectorization of different hemodialysis groups 7 (%)

Groups n Region No. of centers n (%)

T NwW N NE C S Pv Pq Pv Pq
Gl 240 105(437) 25(104) 16(6.7) 10(42)  22(92)  62(258) 65 19 191 (79.6) 49 (20.4)
G2 260 115 (443)  25(9.6) 17 (6.5) 10(38)  24(92)  69(26.6) 72 24 214 (823) 46 (17.7)
Persistence 159  65(409) 13(82) 11 (6.9) 10(63)  19(119) 41 (25.9) 58 12 133 (83.6) 26 (16.4)
Clearance 148  52(352)  16(10.8) 6 (4) 6 (4) 17 (115) 51 (34.5) 53 10 132(89.2) 16 (10.8)

T: Tunis; NW: North West; N: North; C: Center; NE: North East; S: South; Pv: Private; Pq: Public.

Table 4 Distribution of different genotypes according to the
Persistence and Clearance groups 7 (%)

Genotypes Persistence (7 = 142) Clearance (7 = 39)
1b 105 (73.9) 30 (76.9)

1la 2 (1.4) 0

1a/1b . 1(2.6)

2a/2c 14 (9.9) 1(2.6)

3 2(1.4) 1(2.6)

4 19 (13.4) 5 (12.8)

1b/4 - 1(25)

presence or absence of RNA HCV, or to the persistence
or clearance of HCV infection.

DISCUSSION

The mechanisms that determine spontaneous viral
clearance following acute hepatitis or passage to the
chronic stage have not yet been fully elucidated. A
number of factors were studied: those related to the
virus; the mode of transmission, genotype!**, viral
load™, its genetic variability or its coinfection with
other viruses'®l. Other factors related to the host
have also been associated with the evolution of HCV
infection, such as sex, age, ethnicity!*'”! and genetic
susceptibility to infection by this virus™.

Data from the literature suggest that patient’s
gender could predict the evolution of HCV infection.
Indeed, several studies have shown that female patients
have a statistically higher chance to spontaneously
eliminate the virus™*'”1, The relationship between
female gender and a better response to interferon
therapy has also been shown. Our study shows an
increase in the number of women in G2 compared to
men (133 f/127 m). However, this difference is not
statistically significant and confirms the results reported
by Cox et al*® (2010) which excluded the role of sex
factor in the development of HCV infection.

Similarly, the age at infection was often involved
in the natural history of HCV infection, although
the role of this factor has been controversial in the
literature!®?°!, At younger ages, hepatic fibrosis
develops slowly™, while patients infected at an older
age have more severe histological lesions and more
rapid progression to cirrhosis and HCC!**??!, Therefore,
young age was associated with spontaneous viral
clearance of HCV'®?, In our study, the mean age of
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patients in the different groups and subgroups studied
was similar, which is consistent with literature data
that discriminate the role of this factor in the evolution
of viral hepatitis C!*®24,

Hemodialysis patients are one of the high risk
groups for viral hepatitis, particularly HCV. It is now
well established in most epidemiological studies
performed in different populations, including Tunisia,
that HCV infection is statistically correlated to
transfusion history™®*2%!, In our study, despite the
fact that 25% of hemodialysis patients have received
treatment for their anemia (recombinant human
erythropoietin) history of blood transfusions is the
main risk factor for HCV infection (71%).

The distribution of genotypes identified among
patients in our cohort revealed a predominance of
genotype 1b (74%) compared to other genotypes: 1a,
2a/2c, 3 and 4 (27%). These results are consistent
with those reported in the national survey of different
dialysis centers in the Laboratory of Immunology,
Charles Nicolle Hospital in 2001-2002, revealing a
frequency of 70.8% of HCV-1b'*®!, Also, the study of
Djebbi et a/*® (2003) performed during the same
period in the region of Tunis, on a sample of 93
patients infected with HCV, showed a predominance of
genotype 1b (79%) compared to other genotypes [2a
(7%), 1a (5%), 2b (3%), 3 (3%) and 4a (1%)].

The role of HCV genotype during the course of
infection to the chronic stage was analyzed by several
studies. Amoroso et al**! (1998) reported a persistence
rate of 92% in patients exposed to HCV genotype 1b
infection against 33%-50% in patients exposed to
other genotypes. Lehmann et al'**! (2004) suggest that
infection with HCV-3 is associated, in the acute stage,
with viral clearance compared to those with genotype
1. Moreover, it is now accepted that the HCV genotype
appears to be a predictor of both the response to
antiviral treatment and duration of this therapy.

In our cohort, the prevalence of HCV-1b was
similar in patients with persistence of viral replication
over a period of 6 years (73.9%) and those who
spontaneously cleared the virus during the same
period (76.9%). It is the same for genotype 4 (13.4%
vs 12.8%). Although the frequency of HCV 3 was
low compared to other genotypes detected, it was
more frequently observed in the Clearance group
compared to the Persistence group (2.6% vs 1.4%).
Conversely, HCV-2a/2c genotype was more identified
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Table 5 Distribution of genotypes and allele frequencies of C7ZA-4 polymorphisms in healthy controls, total hepatitis C virus

infected hemodialysis patients and different infected groups

Haplotypes Controls Patients G1 G2 Persistence Clearance
(n = 358) (n = 500) (n = 240) (n = 260) (n = 159) (n = 148)
GA 39% 29.5% 36% 34.5% 35.2% 36%
GG 29.9% 35.3%" 26.7% 32.2% 28.3% 32.9%
AG 26.8% 25.2% 25.7% 24.9% 26.5% 22.8%
AA 4.2% 10% 11.6% 8.4% 10% 8.3%

'P=0.0036, OR = 1.42; 95%CI: 1.12-1.79.

Table 6 Haplotypic distribution of the 2 SNPs of C7LA-4 gene in different studied groups 7 (%)

SNPs Controls Patients G1 G2 Persistence Clearance
(n = 358) (n = 500) (n = 240) (n = 260) (n = 159) (n = 148)
(+49) A/G CTLA4
Genotypes
AA 40 (11.2) 77 (15.4) 43 (17.9) 34 (13.1) 25 (15.7) 19 (12.84)
AG 142 (39.7) 198 (39.6) 93 (38.8) 105 (40.4) 66 (41.5) 54 (36.5)
GG 176 (49.2) 225 (45) 104 (43.3) 121 (46.5) 68 (42.8) 75 (50.7)
Alleles
A 0.31 0.352 179 (37.3) 173 (33.3) 116 (36.5) 92 (31.1)
© 0.69 0.648 301 (62.7) 347 (66.7) 202 (63.5) 204 (68.9)
(+6230) G/ A CTLA4
Genotypes
GG 124 (34.6) 194 (38.8) 97 (40.4) 97 (37.3) 65 (40.9) 55 (37.2)
GA 158 (44.1) 217 (43.4) 102 (42.5) 115 (44.2) 66 (41.5) 64 (43.2)
AA 76 (21.3) 89 (17.8) 41 (17.1) 48 (18.5) 28 (17.6) 29 (19.6)
Alleles
G 0.567 0.605 296 (61.7) 309 (59.4) 196 (61.6) 174 (58.8)
A 0.433 0395 184 (38.3) 211 (40.6) 122 (38.4) 124 (41.2)

among patients with persistent viral replication (9.9%)
compared to those who spontaneously cleared the
virus (2.6%).

There are variations in the distribution of geno-
types in different regions of Tunisia. Genotype 1b
predominates in all regions, particularly in the center
(90.4%), the South (86.7%) and North West (83.3%).
Its frequency in the North West corroborates studies
by Ben Alaya Bouafif et af** (2007) and Mejri et al**
(2005). Outside this region genotypelb and each of
the other regions is characterized by a high frequency
of a second genotype. The variability of distribution
of HCV genotypes among different regions suggests
a nosocomial infection in our hemodialysis cohort.
Phylogenetic analysis by Kchouk et a/l*¥ (2013) for
genotype 4 and Djebbi et a/** (2008) for HCV-1b
confirmed this hypothesis. This mode of transmission of
HCV, especially among hemodialysis patients, has been
well documented by epidemiological and phylogenetic
studies in different Spanish, French, Swiss, Iranian and
American populations**4,

The CD4+ T cell and cytotoxic CD8+ T cell res-
ponses implicated in HCV infection involve immuno-
regulating costimulatory molecules, such as CTLA-4
that acts as a negative regulator of the cell-mediated
immune response®®***31, Thus, mutations in the gene
CTLA-4 could reduce or interfere with its function as a
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negative regulator and even promote the overgrowth of
the immune response. CTLA4 polymorphisms contribute
to the development of autoimmune diseases!'***!, and
viral infections*”?, including HCV!***,

Polymorphism (+49) A/G in exon 1 of the gene
of human CTLA-4 has been extensively studied as it
affects the function of the inhibitory molecule CTLA-4.
The A allele (49) has been identified as protective and
the G allele is associated with increased susceptibility
to autoimmune diseases by reducing the expression
of CTLA-4 at the cell surface. The CT60 SNP is a
functional polymorphism and substitution A to G at
+6230 position in the 3’ NC of the CTLA-4 gene is
associated with lower rates of mRNA isoform of the
soluble molecule, resulting in an increase in T cell
activation by a defect in upregulation via CTLA-4",
The G allele represents the risk allele for both loci.
Thus, SNPs (49) A/G and the (+6230) G/A CT60
CTLA-4 have been the subject of our cohort. But the
distribution of alleles and genotypes of these common
SNPs did not differ among different studied groups.

According to www.ncbi.nlm.nih.gov/SNP, the fre-
quency of the allele (+49) G varies by ethnicity. It is
more common among Asians (65%) than Caucasians
(20%) or Africans (29%). Similarly, the G allele (CT60)
is more common among Asians (70%) and Africans
(80%) than Caucasians (50%).
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However, the two polymorphisms show different
statistical powers depending on the population studied.
Tunisian studies Krichen et a/*® (2010) and Hadj
Kacem et a/*® (2001) showed that these two risk
alleles are also present at a high frequency among
the controls. This frequency averaged 70% for the
variant (+49) G and 54% for the G allele (CT60).
These results are similar to those found in total HCV
infected hemodialysis patients in our study [(49) G =
69% (CT60) G = 57%]. In addition, the frequency of
the GG haplotype combination (+49) (CT60) of the
CTLA-4 gene was significantly higher in the patients in
our series compared to controls (35.3% vs 29.9%, P
= 0.0036, OR = 1.42, 95%CI: 1.12-1.79).

An US study associated the (+49) G allele with
a favorable response to combination therapy in
Caucasian patients infected with HCV genotype 1°Y.
In the study of Danilovic et al**’ (2012), the two G risk
variants are associated with increased inflammation
in chronic hepatitis C, which corroborates the role,
suggested that the GG haplotype (+49) (CT60) CTLA-4
with susceptibility to HCV infection among the patients
in our study.

Other CTLA-4 SNPs have also been studied in
several autoimmune diseases!'®*’, This is, in particular,
a substitution of a cytosine by a thymine (C/T) at
position (-318) gene promoter™, which is associated
with more high promoter activity, and therefore to
an increase in the expression of the molecule and its
immuno-regulatory activity. Similarly, repetition of the
base pairs of a microsatellite (AT)n in the 3’ UTR region
of exon 3 of the CTLA-4 gene may be associated with
instability of mRNA and a decrease in the transcription
of the gene and the expression of CTLA-4**%, In a
German study haplotype (+49) A / (- 318) C CTLA-4
is associated with spontaneous resolution of HCV
infection among male patients'*®. Danilovic et a/*"!
(2012) also reported that the polymorphism (AT)
n is associated with a progression to the chronic
stage of HCV infection. Although our study shows no
association between the polymorphisms studied and
spontaneous clearance or persistence of HCV infection,
the analysis of other polymorphisms CTLA-4, [(AT)n
and (-318) C/T], would be important to develop a
profile of allelic variants of CTLA-4 susceptibility,
progression and clearance of HCV infection.

In summary, we demonstrate that CTLA-4 SNPs
could influence susceptibility to HCV infection. We
confirm data from previous epidemiological studies
that suggest a nosocomial infection in Tunisian hemo-
dialysis patients with transfusion history as a primary
risk factor for HCV infection and a predominance of
genotype 1b.
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