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ABSTRACT

Purpose: Interleukin-7 (IL-7) is a critical factor in maintaining or inducing of an effective
antiviral CD4+ and CD8+ T cell responses. The aim of this study was to examine the
association of interleukin-7 receptor-a (IL7RA) polymorphisms with the sustained virological
response (SVR) after hepatitis C virus (HCV) therapy with pegylated-interferon-alpha plus
ribavirin (peglFNa/ribavirin) in 177 human immunodeficiency virus (HIV)/HCV-coinfected
patients.

Methods: We performed a retrospective study in 177 naive patients who started HCV
treatment. The IL7RA rs6897932, rs987106, and rs3194051 polymorphisms were genotyped
by GoldenGate® assay. The SVR was defined as undetectable HCV viral load through 24 weeks
after the end of HCV treatment.

Results: The highest SVR rate was found in patients with rs6897932 CC (p=0.029) and
rs3194051 GG (p=0.002) genotypes; and HCV GT2/3 infected patients with rs987106 AA
genotype (p=0.048). Additionally, carriers of rs3194051 GG genotype had higher likelihood of
achieving a SVR (adjusted odds ratio (aOR)=5.32 (95CI1%=1.07;26.94); p=0.040) than patients
with rs3194051 AA/AG genotype, while rs6897932 CC (aOR=0.63; p=0.205) and rs987106
AA (aOR=0.60; p=0.213) were not significant. Moreover, three major haplotypes were found:
46.6% for CTA, 32.4% for CAG and 20.7% for TAA haplotypes. Patients infected with GT2/3
and carriers of CTA haplotype had lower odds of achieving a SVR (aOR=0.08; p=0.004) and
CAG haplotype (favorable alleles) had higher odds of achieving a SVR than other haplotypes
(aOR=21.96; p<0.001).

Conclusions: IL7RA polymorphisms seem to play a significant role in the virological response
to peglFNa/ribavirin therapy in HIV/HCV-coinfected patients; in particular among patients
infected with HCV-GT2/3.
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INTRODUCTION

The treatment for hepatitis C virus (HCV) with pegylated interferon alpha plus ribavirin
(peglFNa/ribavirin) is still used in human immunodeficiency virus (HIV)/HCV-coinfected
patients [1]; but the rate of sustained virological response (SVR) is around 20-40% for
patients infected with HCV genotype 1/4 (GT1/4) and 50-60% in HCV genotype 2/3 (GT2/3)
patients [2, 3]. Despite the emergence of new direct-acting antivirals (DAAs),
peglFNa/ribavirin is included as part of the combination therapy with DAAs, particularly in
difficult-to-treat patients [1, 4]. Furthermore, the potential use of these DAAs in HIV/HCV-
coinfected patients has numerous challenges, such as the choice of the patients to treat,
possible interaction between antiretroviral drugs and the DAAs, uncertainty regarding the
safety and effectiveness of the combination therapy in this population [1, 4].

Persistent viral infection depends upon effective antiviral CD4+ and CD8+ T cell responses [5].
Interleukin-7 (IL-7) is a critical factor in maintaining or inducing a cytotoxic T-lymphocyte
response against viruses, due to its ability to enhance memory T-cell expansion and thus
promote the Th1 response and increase specific CD8+ T-cell cytotoxicity against the virus [6].
In HCV infection, hepatocytes are stimulated by type I IFN, being able to produce IL-7 during
viral hepatitis and eventually lead to viral clearance and disease resolution in the liver [7].
The early expression of the memory precursor marker CD127 (a-chain of the IL-7 receptor
(IL7Ra)) on HCV-specific T cells predicts the outcome of acute HCV infection [8], but
persistent HCV infection impairs HCV-specific cytotoxic T cell reactivity due to CD127 down-
regulation [9].

The IL7Ra (CD127) is encoded by IL7RA gene, which forms a receptor complex with the
common cytokine receptor gamma chain (CD132) [10]. In HIV infection, IL7RA single
nucleotide polymorphisms (SNPs) have been related to mortality and decrease of CD4+ cell
count in untreated HIV-infected subjects [11, 12], and CD4+ T-cell recovery after initiation of
combination antiretroviral therapy (cART) [13]. However, there are still no data concerning the
IL7RA polymorphisms and HCV infection.

The aim of this study was to examine the association between IL7RA polymorphisms and SVR
after HCV therapy with peglFNa/ribavirin in HIV/HCV-coinfected patients.



PATIENTS AND METHODS

Patients

We carried out a retrospective study in European white patients from Hospital Gregorio
Marafién (Madrid, Spain) who started treatment with peglFNa/ribavirin on regular follow-up
from October 2000 to June 2010. The study was conducted in accordance with the Declaration of
Helsinki and patients gave their written consent for the study. The Institutional Review Board
and the Research Ethic Committee of the Instituto de Salud Carlos IIl approved the study.

The criteria for starting HCV antiviral treatment were: A) Inclusion criteria: Chronic hepatitis C
(presence of detectable HCV replication for at least six months after HCV infection), negative
hepatitis B surface antigen, availability of DNA sample, no clinical evidence of hepatic
decompensation, detectable HCV RNA by polymerase chain reaction at baseline, CD4+ count
higher than 200 cells/mm3, and stable cART for at least 6 months before study entry or no need
for cART according to treatment guidelines used in the study period [14, 15]. B) Exclusion
criteria: Active opportunistic infections, active drug or alcohol addiction, and other
concomitant diseases or conditions such as diabetes, nephropathies, autoimmune diseases,
haemochromatosis, primary biliary cirrhosis, Wilson’s disease, al-antitrypsin deficiency and
neoplasia.

We included only patients who had an available DNA sample for DNA genotyping. Of the 495
HIV/HCV coinfected patients who were potential candidates for HCV therapy during the study
period, 328 patients were treated with peglFNa/ribavirin. Of them, 177 patients had a DNA
sample collected for SNPs genotyping.

Epidemiological and clinical data

Clinical and epidemiological data were obtained from medical records. Body mass index (BMI)
was calculated as the weight in kilograms divided by the square of the height in meters. The
duration of HCV infection for patients with a history of intravenous drug use (IDU) was
estimated starting from the first year they shared needles and other injection paraphernalia,
which are the most relevant risk practices for HCV transmission [16]. The duration of HCV
infection was not calculated when the date of initiation of their HCV infection could be
determined with certainty.

Biochemistry panel was measured using an autoanalyzer Hitachi 912 (Boehringer Mannheim,
Germany) in fasting patients. The degree of insulin resistance (IR) was estimated for each
patient using the homeostatic model assessment (HOMA), according the following formula [17]:
fasting plasma glucose (mmol/1) x fasting serum insulin (mU/1) / 22.5.

Liver biopsy

Liver biopsies were performed on 142 out of 177 patients basis following the
recommendations of the Patient Care Committee of the American Gastroenterological
Association [18] as previously we described [19]. Liver fibrosis and necroinflammatory
activity were estimated according to Metavir score as follows: FO, non-fibrosis; F1, mild
fibrosis; F2, significant fibrosis; F3, advanced fibrosis; and F4, definite cirrhosis. Activity grade
was scored as follows: A0, non-activity; A1, mild activity; A2, moderate activity; A3, severe
activity. Liver steatosis was evaluated according to the existence of hepatocytes containing
visible macrovesicular fat droplets. We considered hepatic steatosis to be clinically significant
when fatty hepatocytes exceeded 10% of the hepatic parenchyma.

HCV assays

HCV infection was documented in all patients by enzyme-linked immunosorbent assay
(ELISA) and PCR test. HCV genotype was determined by hybridization of biotin-labeled PCR
products to oligonucleotide probes bound to nitrocellulose membrane strips (INNO-LiPA HCV
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I, Innogenetics, Ghent, Belgium). Plasma HCV-RNA viral load was measured by polymerase
chain reaction (PCR) (Cobas Amplicor HCV Monitor Test, Branchburg, NJ, USA) and real-time
PCR (COBAS AmpliPrep/COBAS TagMan HCV test); and results were reported in terms of
international units per milliliter (IU/mL), with a lower limit of detection of 10 IU/mL.

Hepatitis C therapy

Following both international and national guidelines [14, 15, 20, 21], HCV treatment regimens
included peglFNa 2a or 2b at standard doses (180 pg/week or 1.5 pg/kg/week, respectively)
plus weight-adjusted ribavirin dosing (1000 mg/day for patients weighing <75 kg and 1200
mg/day for patients weighing =75 kg). Patients with HCV genotypes 1 or 4 received either 48
or 72 weeks of treatment, and patients with HCV genotype 2 or 3 were treated for 24 or 48
weeks. A SVR was defined as an undetectable serum HCV-RNA level (<10 [U/mL) at week 24
after the end of the treatment.

Genotyping of DNA polymorphisms

Genomic DNA was extracted from peripheral blood with Qiagen kit (QIAamp DNA Blood
Midi/Maxi; Qiagen, Hilden, Germany). DNA samples were sent at the Spanish National
Genotyping Center (CeGen; http://www.cegen.org/) for genotyping interleukin 28B (IL28B)
rs12980275 polymorphism and IL7RA polymorphisms (rs6897932, rs987106, and
rs3194051), which are located in putative regulatory intronic region (rs987106), exon 6
(rs6897932) and exon 8 (rs3194051).

Statistical analysis

For the description of the study population, p-values were estimated by using nonparametric
tests: Chi-square test for categorical variables. All SNPs were analysed for Hardy-Weinberg
equilibrium (HWE) using Chi-square test, considering equilibrium when p>0.05.

The genetic analysis was carried out according to additive, recessive and dominant models,
selecting the model that best fitted the outcome variable analyzed in each case (see
Supplementary data 1). For association study, logistic regression analysis was used to
investigate the relationship among IL7RA polymorphisms and HCV-therapy response. These
analyses were adjusted by the most important clinical and epidemiological characteristics,
which were selected by a “Stepwise” algorithm (a p-value for entry and exit of 0.05 and 0.10,
respectively). The covariables used were gender, age, BMI, HOMA, nadir CD4+ T-cells, time on
cART, HIV-RNA, HCV genotype, HCV-RNA viral load, liver fibrosis, and IL28B rs12980275
polymorphism. The percentages of patients that were excluded in each of multivariable
analyses due to incomplete data of covariates were always less than 5%.

These analyses were performed by using the Statistical Package for the Social Sciences (SPSS)
19.0 software (IBM Corp., Chicago, USA). In addition, pair-wise linkage disequilibrium (LD)
analysis was computed by Haploview 4.2 software, and haplotype-based association testing
was performed using Plink software (http://pngu.mgh.harvard.edu/~purcell/plink/). All p-
values were two-tailed and statistical significance was defined as p<0.05.

In silico analysis

We analysed the possible functional implication of IL7RA polymorphisms using the
VarioWatch web tool (http://genepipe.ncgm.sinica.edu.tw/variowatch/main.do) [22].
VarioWatch retrieves information about a genomic locus from several sources like NCBI,
Uniprot, HapMap and Ensembl and displays it concisely.
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RESULTS

Patients

The epidemiological and clinical characteristics of 177 patients on HCV treatment stratified by
HCV genotype are shown in Table 1: 56 patients were infected with GT2/3 and 116 with
GT1/4.

Table 1. Clinical and epidemiological characteristics of HIV/HCV-coinfected patients.

Characteristics All Patients HCV GT2/3 HCV GT1/4
No., (%) 177 (100%) 56 (31.6%) 116 (65.5%)
Male, n (%) 133 (75.1%) 41 (73.2%) 87 (75%)
Age, years 40.6 (37.9-44.6) 41(38.4-44.6)  40.2 (37.8-44.6)
BMI, kg/m2 22.5(20.9-24.6) 22.5(20.6-24.4) 22.5(20.9-25.2)

BMI 225 kg/m2
HOMA
HOMA >3

HIV acquired by IVDU, n (%)
Years since HCV infection

Prior AIDS, n (%)
cART, n (%)

Time on cART, years (*)
Current cART protocols, n (%)

Any NRTIs + any PI

Any NRTIs + Pl + NNRTI
Any NRTIs + any NNRTI

Only NRTIs
HIV markers

Nadir CD4+, cells/uL
Nadir CD4+ <200 cells/uL, n (%)

CD4+ T, cells/uL

CD4+ = 500 cells/uL, n (%)
HIV-RNA copies/mL (**)
HIV-RNA < 50 copies/mL, n (%)

HCV therapy
Type of peglFNa
PeglFNa-2a
PeglFNa-2b
Unknown
Ribavirin dose
800 mg/day
1000 mg/day
1200 mg/day
2000 mg/day
HCV markers, n (%)

HCV-RNA > 500.000 1U/ml

Metavir score, n (%)

Liver biopsy patients
Significant fibrosis (F>2)

41 (23.2%)

62 (35.8%)
153 (86.4%)
20.4 (15.4-23.6)
50 (28.2%)
146 (82.5%)
4.8 (3.41-7.86)

41 (23.2%)
1 (0.6%)
92 (52%)

151 (85.3%)

9 (16.1%)

17 (30.9%)
49 (87.5%)
19.5 (15.2-23.8)
11 (19.6%)
46 (82.1%)
4.2 (2.57-7.90)

10 (17.9%)
0 (0%)
32 (57.1%)
48 (85.7%)

216 (95.5-355.5) 230 (138-379.5)

82 (46.6%)
457 (330-674.2)
77 (43.8%)
49 (49-149.5)
127 (72.2%)

78 (44.1%)
69 (39.0%)
30 (16.9%)

38 (21.5%)

101 (57.1%)

31 (17.5%)
7 (4%)

118 (68.6%)

142 (80.2%)
91 (64.1%)

24 (42.9%)
433 (374-686.2)
23 (41.1%)
49 (49-49)
42 (76.4%)

24 (42.9%)
20 (35.7%)
12 (21.4%)

11 (19.6%)
35 (62.5%)
5 (8.9%)
5 (8.9%

36 (65.5%)

42 (75%)
27 (64.3%)

30 (25.9%)

44 (38.9%)
99 (85.3%)
20.6 (15.7-23.5)
38 (32.8%)
97 (83.6%)
5.1 (4.09-7.85)

31 (26.7%)
1 (0.9%)
58 (50%)

99 (85.3%)

203.5 (72-313.5)
57 (49.1%)
467 (324-675)
52 (44.8%)
49 (49-237.5)
82 (70.7%)

16 (13.8%)
53 (45.7%)
47 (40.5%)

27 (23.3%)

63 (54.3%)

24 (20.7%)
2 (1.7%)

79 (69.3%)

97 (83.6%)
62 (63.9%)



Moderate or severe activity (A>2) 90 (64.7%) 25 (61%) 64 (67.4%)

Steatosis 75 (54%) 29 (65.9%) 46 (49.5%)
IL28B rs12980275

AG/GG (%) 88 (49.7%) 40 (71.5%) 46 (39.7%)

AA (%) 89 (50.3%) 16 (28.5%) 70 (60.3%)

Values are expressed as absolute numbers (%) and median (percentile 25-percentile 75). (*), values
were exclusively calculated with data of patients on ART. (**), The detection limit of the technique was
50 copies/ml.

Abbreviations: AIDS, acquired immunodeficiency syndrome; BMI, body mass index; cART,
combination antiretroviral therapy; GT, genotype; HCV, hepatitis C virus; HCV-RNA, HCV plasma viral
load; HIV, human immunodeficiency; HIV-RNA, HIV plasma viral load; IVDU, intravenous drug users;
NNRT]I, no nucleoside analogue reverse-transcriptase inhibitors; NRTI, nucleoside analogue reverse-
transcriptase inhibitors; PI, protease inhibitors.

Characteristics of IL7RA polymorphisms

The allele frequencies for rs6897932, rs987106 and rs3194051 polymorphisms at IL7RA gene
are shown in Table 2. All SNPs had a minimum allele frequency >5%, were in HWE (p>0.05),
and displayed missing values <5% (only 2 out 179 samples failed for SNPs genotyping).
Additionally, a strong LD among IL7RA SNPs was found (D'=0.999), meaning that there is no
evidence for recombination between these SNPs. However, the r-square among SNPs was low
(R-square<0.50), meaning that the IL7RA SNPs did not provide exactly the same information
and the IL7RA SNPs cannot substitute one for another (Figure 1).

Table 2. Summary of the allele frequencies for IL7RA polymorphisms.

Gene SNP Position (Chr. 5) HWE p-value Alleles MAF
IL7RA rs6897932 35874575 1.000 T 0.207
rs987106 35875593 0.632 A>T 0.466
rs3194051 35876274 0.775 A>G 0.324

Abbreviations: HWE, Hardy-Weinberg Equilibrium; MAF, minor allele frequency; SNP, single
nucleotide polymorphism.

IL7RA polymorphisms and HCV virological response

The number of patients who failed to complete HCV therapy were 16 (12 adverse events and
4 abandonments) and 161 patients had a full course of HCV therapy.

Table 3 shows the relationship among IL7RA polymorphisms and SVR by an analysis by
intention-to-treat. The highest SVR rate was found in patients with rs6897932 CC (p=0.029)
and rs3194051 GG (p=0.002) genotypes; and HCV GT2/3 infected patients carriers of
rs987106 AA genotype (p=0.048). Additionally, carriers of rs3194051 GG genotype had
higher likelihood of achieving a SVR (adjusted odds ratio (aOR)=5.32; p=0.040). We did not
find any significant association for rs6897932 CC (aOR=0.63; p=0.205) and rs987106 AA
(aOR=0.60; p=0.213).



IL7RA

rs6897932
rs987106
rs3194051

[ snes | D" | LOD | rsquared |

rs6897932 / rs987106 0.999 12.96 0.228

rs6897932 / rs3194051 0.999 7.09 0.125
rs987106 / rs3194051 0.999 24.68 0.418

Figure 1. Pairwise linkage disequilibrium (LD) patterns for three polymorphisms through IL7RA
regions. Each diagonal represents a different SNP, with each square representing a pairwise
comparison between two SNPs.

Abbreviations: SNP, single nucleotide polymorphism; LOD, LOD score.

The patients with the favourable rs12980275 AA genotype had the highest SVR rates (see
Supplementary data 2). Among patients with the unfavourable rs12980275 AG/GG, the
highest SVR rates were found in carriers of rs987106 AA (p=0.043) and rs3194051 GG
(p=0.007) genotypes. However, we did not find any significant association between
favourable rs12980275 AA genotype and IL7RA polymorphisms (see Supplementary data
2).

IL7RA haplotypes and HCV virological response

Table 4 shows the relationship among IL7RA haplotypes (comprised of rs6897932, rs987106,
and rs3194051) and SVR. Three major IL7RA haplotypes were found: 46.6% for CTA, 32.4%
for CAG and 20.7% for TAA haplotypes. In the analysis by intention-to-treat, patients infected
with GT2/3 and carriers of CTA haplotype had lower odds of achieving a SVR (aOR=0.08;
p=0.004) and CAG haplotype (favorable alleles) had higher odds of achieving a SVR than other
haplotypes (aOR=21.96; p<0.001).



Table 3. Relationships among IL7RA polymorphisms and sustained virologic responses to HCV treatment in HIV/HCV-coinfected patients, considering
intention-to-treat approach.

IL7RA Genotypes p-value (a) aOR (95% Cl) p-value (b)

rs6897932 (D) All genotypes cc CT/TT

All patients 54.5% (96/176) 60.9% (67/110) 43.9% (29/66) 0.029 0.63 (0.30-1.28) 0.205

HCV GT2/3 83.9% (47/56) 85.7% (36/42) 78.6% (11/14) 0.529 0.75 (0.15-3.81) 0.736

HCV GT1/4 40% (46/115) 44.6% (29/65) 34% (17/50) 0.249 0.56 (0.24-1.01) 0.171
rs987106 (D) All genotypes AA AT/TT

All patients 54.8%(97/177) 64.7% (33/51) 50.8% (64/126) 0.092 0.60 (0.28-1.32) 0.213

HCV GT2/3 83.9% (47/56) 100% (16/16) 77.5% (31/40) 0.048 NA NA

HCV GT1/4 40.5% (47/116) 45.5% (15/33) 38.6% (32/83) 0.495 0.96 (0.39-2.38) 0.944
rs3194051 (R) All genotypes AA/AG GG

All patients 54.5%(96/176) 50.6% (80/158) 88.9% (16/18) 0.002 5.32 (1.07-26.9) 0.040

HCV GT2/3 83.9% (47/56) 80.4% (37/46) 100% (10/10) 0.127 NA NA

HCV GT1/4 40% (46/115) 38% (41/108) 71.4% (5/7) 0.080 3.94 (0.68-22.6) 0.124

Statistical significant differences are shown in bold. (a), P-values were calculated by Chi-squared test; (b), P-values were calculated by multivariate logistic
regression adjusted by the most important clinical and epidemiological characteristics (see statistical analysis section).

Abbreviations: aOR, adjusted odds ratio; HCV-GT, hepatitis C virus genotype, D, dominant inheritance; R, recessive inheritance; NA, not available because
the number of patients is equal to 0 in one of the groups analysed within the crosstab; 95%CI, 95% of confidence interval.



Table 4. Association of IL7RA haplotypes (comprised of rs987106, rs6897932 and rs3194051) and sustained virological response in HIV/HCV-coinfected
patients on HCV therapy, considering intention-to-treat approach.

IL7RA haplotypes All HCV GT2/3 HCV GT1/4
rs6897932 rs987106 rs3194051 No. (%) aOR(95% Cl) p-value No.(%) aOR(95% Cl) p-value No.(%) aOR(95% Cl) p-value
C T A 79 (46.6%) (0.507.?15.58) 0.851 50 (44.6%) (0.08.80;3.73) 0.004 26 (47.8%) (0.816?29.78) 0.197
C A G 55 (32.4%) (0.811.,'425.59) 0.200 44 (39.2%) (2%%)';9232) <0.001 15 (28.7%) (0.4%;811.63) 0.555
T A A 35 (21.0%) (0.406'_713.35) 0.328 18(16.0%) (0.10?;'_620.81) 0.525 13 (23.5%) (0.3%'_717.59) 0.486

Statistically significant values are shown in bold. P-values were calculated by logistic regression analysis adjusted by the most important clinical and
epidemiological characteristics (see statistical analysis section).
Abbreviations: aOR, adjusted odds ratio;j 95% CI, 95% confidence interval; HCV GT, HCV genotype; Freq., frequencies.
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DISCUSSION

In this study, we found that carriers of IL7RA rs3194051 GG genotype (homozygous for
the minor allele) had the highest SVR rate to peglFNa/ribavirin therapy. Furthermore,
both rs987106 and rs6897932 polymorphisms had a significant negative association
with SVR in univariate analysis but it disappeared in the adjusted regression model.
Besides, the IL7RA haplotypes were also related to SVR in patients infected with GT2/3.
To our knowledge, this is the first description of the relation between the IL7RA
polymorphisms and SVR in HIV/HCV-coinfected patients on peglFNa/ribavirin therapy.

Chronic infection caused by HCV is characterised by a poor HCV-specific CD8+ T-cell
response, which displays an exhausted phenotype and is unable to control viral
replication [9, 23], as well as the suppression of T cell function by CD4+ Treg cells is
emerging as one of the most important mechanisms during chronic HCV infection [24].
In this regard, IL-7 is a cytokine essential for the differentiation and maintenance of
memory T cells, preventing their functional exhaustion [5]. However, the expression of
IL-7 is significantly diminished in livers from CHC patients [25] and the expression of
IL7RA gene (CD127) on HCV-specific T cells is decreased while an exhausted phenotype
is also observed [26]. Moreover, IFN-a therapy may increase the frequency of
CD127+CD8+ T cells [27] and IL-7 may increase the antiviral efficacy of CD127+CD8+ T
cells [28], which may inhibit HCV replication ex vivo [28]. Thus, the expression of CD127
on HCV-specific T cells predicts the favourable outcome of HCV acute infection in HCV
monoinfected patients [8, 29] and SVR in HCV/HIV co-Infected Individuals undergoing
IFN-a therapy [27]. These patients with SVR had higher expression of CD127 on CD4+ T
cells, lower T cell exhaustion status and better HIV and HCV proliferative responses at
baseline; and an increase in the frequency of CD127+CD8+ T cells in all treated patients
[27]. Besides, early therapeutic intervention with peglFNa rescued polyfunctional
memory T cells expressing high levels of CD127 and Bcl-2, cells that were detectable for
up to 1 year following discontinuation of therapy [30]. In this regard, IL7RA
polymorphisms has been correlated with levels of soluble IL7RA (sCD127) in plasma
and CD127 on T-cell, [13, 31, 32]. Thus, the decreased expression of membrane-bound
IL7RA in T-cell and the increased of sCD127 levels (block the IL-7 circulating) could
cause a decreased of the effect of IL-7 in the immune system. Regarding the above
described, it would be of great value to know the level of IL-7 and sCD127 in plasma, and
the frequency and level of CD127 positive T cells in the patients included in our study.
However, we did not have access to biological samples to complete our data with these
immunological analyses.

In our study, rs3194051 GG genotype was related to higher SVR rate than AA/AG
genotypes in HIV/HCV coinfected patients on peglFNo/ribavirin therapy. The
rs3194051 GG genotype tags the IL7RA haplotype 4 in European populations and it has
been associated with lower sCD127 levels and appears to be protective against multiple
sclerosis [32]. Besides, Rajasuriar et al. also found that homozygous carriers of the G-
allele at rs3194051 experienced faster time to CD4 T-cell >500 cells/mm3 compared
with homozygous carriers of the A-allele. Moreover, rs6897932 and rs987106
polymorphisms have been related to levels of soluble IL7RA (sCD127) in HIV infected
patients in other reports. Thus, rs6897932 CC genotype has been associated to higher
levels of sCD127 in peripheral blood compared to CT/TT genotypes [13], while
rs6897932 TT genotype was a predictor for faster CD4+ recovery in HIV infected
patients compared to rs6897932 CC/CT genotypes [33]. Besides, rs987106 AA genotype
was associated with lower sCD127 levels in HIV infected patients compared to the
presence of rs987106 T allele [13]. In our study, when the haplotype analysis was
performed, carriers of CTA haplotype (comprised of rs6897932 C, rs987106 T, and
rs3194051 A, three alleles associated with higher sCD127 levels) had lower odds of



achieving a SVR; since carriers of CAG haplotype (comprised of one allele associated
with higher sCD127 levels and two alleles related to lower sCD127 levels) had higher
odds of achieving a SVR. Thus, although we do not have any data about the functional
effect of these SNPs on the expression of CD127 and function of CD8 cytotoxic cells, we
could speculate on the possible role of IL7RA polymorphisms in the immunological
control of HCV during peglFNa/ribavirin therapy, independently of IL28B rs12980275
polymorphism.

We have also performed an in silico analysis, finding that the IL7RA polymorphisms
could generate possible targets for splicing regulation. The IL7RA polymorphisms are
located in putative regulatory intronic region (rs987106), exon 6 (rs6897932) and exon
8 (rs3194051). The change C>T at rs6897932 polymorphism is linked to a diminished of
exonic splicing enhancers (ESEs) motif, which play important roles in constitutive and
alternative splicing. In fact, rs6897932 is a missense change involved in the splicing
regulation that influence on ratio of IL7RA isoforms (membrane bound and soluble)
[24]. Similarly, the change A>G at rs3194051 polymorphism is also a missense change
linked to ESEs motif diminished, which might also influence on ratio of IL7RA isoforms.
Finally, we did not find any significant possible function for rs987106 polymorphism.

We should also mention the fact that the effect of IL7RA polymorphisms on SVR seems
be dependent on HCV genotype. However, we did not have an satisfactory explanation
that may help understand why the association between IL7RA polymorphisms and SVR
was stronger in patients infected with GT2/3 than in GT1/4 patients. Perhaps, the fact
that patients with GT1/4 had a lower SVR rate might be influencing the lack of
significant association.

HCV therapy with peglFNa/ribavirin is still in use among HIV/HCV coinfected patients
but this treatment has a limited effectiveness and serious side effects [20]. Currently,
new IFN-free regimens are being used in GT2/3 patients and are also being developed
for GT1 patients, in both cases with a very high response rate [34]. In this new context,
the combination therapy with potent DAAs might obscure the influence on HCV
treatment efficacy of IL7RA polymorphisms and other SNPs. However, the new DAAs are
extremely expensive and there are serious restrictions for its administration, and in
many regions in the world these drugs are inaccessible. Also, not all patients have
indications to be treated with these new antivirals, such as happen with some patients
coinfected with HIV and HCV. In fact, treatment with peglFNa/ribavirin remains the only
option of therapy for many patients in the world. Moreover, nowadays, the new DAAs
are generally being administered in combination with peglFNa/ribavirin [1, 4]. Thus, it
is still essential the potential ongoing relevance of understanding peglFNa/ribavirin
response predictors.

For the correct interpretation of the data, it must be taken into account that the study
design was retrospective and the number of patients was limited, which could limit the
achievement of statistically significant values. Secondly, HCV therapy regimens were not
identical for all patients. Thirdly, all selected patients met a set of criteria for starting
HCV treatment and this may have introduced a selection bias. Fourthly, this study was
performed on patients with European ancestry, and it would be interesting to perform
these analyses on different ethnic groups. Finally, our study only included HIV/HCV-
coinfected patients and it would be interesting to know the role of studied /IL7RA SNPs in
HCV monoinfected patients, but we did not have access to a cohort of HCV monoinfected
patients.

In conclusion, IL7RA polymorphisms seem to play a significant role in the virological
response to peglFNoa/ribavirin therapy in HIV/HCV-coinfected patients; in particular,
the presence of homozygous for the minor allele of IL7RA rs3194051 polymorphism was



related to higher odds of achieving a SVR. Further analyses would be needed to
determine its potential use as a predictive marker.



ABBREVIATIONS

aOR, adjusted odds ratio

BMI, Body mass index

cART, combination antiretroviral therapy

CD127 or IL7Ra, a-chain of the IL-7 receptor

DAAs, new direct-acting antivirals

GT1/4, HCV genotype 1/4

GT2/3, HCV genotype 2/3

HCV, hepatitis C virus

HIV, human immunodeficiency virus

HOMA, homeostatic model assessment

HWE, Hardy-Weinberg equilibrium

IL28B, interleukin 28B

IL-7, Interleukin-7

IL7RA, gene of IL7Ra

ITT, intention-to-treat

LD, linkage disequilibrium

NA, not available due to a low number of patients in one of the groups
peglFNa/ribavirin, pegylated interferon alpha plus ribavirin
SNPs, single nucleotide polymorphisms



ACKNOWLEDGEMENTS

The authors wish to thank the Spanish National Genotyping Center (CeGen) for
providing the SNP genotyping services (http://www.cegen.org).

Funding/Support: This work has been supported by grants given by Fondo de
Investigacion de Sanidad en Espafia (FIS) [Spanish Health Founds for Research] [grant
numbers P108/0738, PI111/00245; P108/0928, and PI11/01556], and “Fundacién para la
Investigacion y la Prevencién del Sida en Espafna” (FIPSE) [grant number 361020/10].
This work has been (partially) funded by the RD12/0017/0024 and RD12/0017/0004
projects as part of the Plan Nacional R + D + I and cofinanced by ISCIII- Subdireccion
General de Evaluacion y el Fondo Europeo de Desarrollo Regional (FEDER).

JB is an investigator from the Programa de Intensificacion de la Actividad Investigadora
en el Sistema Nacional de Salud (I3SNS; Refs INT10/009 and INT12/154). Moreover,
DPT, MGF, MAJS MGA, PGB are supported by “Instituto de Salud Carlos III” [grant
numbers CM12/00043, RD12/0017/0024, CD13/00012,CD12/00442, and F112/00036;
respectively].

Potential conflicts of interest: The authors do not have a commercial or other
association that might pose a conflict of interest.

AUTHORS CONTRIBUTIONS

MGF and SR performed all statistical analysis, interpretation of the data and wrote the
manuscript.

JB and SR participated in the study concept and design.

JB, TAE, AC, CD, and FT, participated in patient selection, collection of samples and
acquisition of data.

DPT, MAJS, MGA, SV, and VB participated in sample preparation, DNA isolation and
genotyping pre-procedure, and contributed with critical revision of the manuscript.

SR supervised the study.
All authors revised the manuscript from a draft by SR.


http://www.cegen.org/

REFERENCES
[1] Sulkowski MS (2013) HCV therapy in HIV-infected patients. Liver international :

official journal of the International Association for the Study of the Liver 33 Suppl 1:63-
67

[2] Moreno L, Quereda C, Moreno A, Perez-Elias M], Antela A, Casado JL, Dronda F,
Mateos ML, Barcena R, Moreno S (2004) Pegylated interferon alpha2b plus ribavirin for
the treatment of chronic hepatitis C in HIV-infected patients. AIDS 18 (1):67-73

[3] Laguno M, Murillas ], Blanco JL, Martinez E, Miquel R, Sanchez-Tapias JM, Bargallo
X, Garcia-Criado A, de Lazzari E, Larrousse M, Leon A, Lonca M, Milinkovic A, Gatell JM,
Mallolas ] (2004) Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b
plus ribavirin for treatment of HIV/HCV co-infected patients. AIDS 18 (13):F27-36

[4] Rockstroh JK, Bhagani S (2013) Managing HIV /hepatitis C co-infection in the era
of direct acting antivirals. BMC medicine 11:234

[5] Ng CT, Snell LM, Brooks DG, Oldstone MB (2013) Networking at the level of host
immunity: immune cell interactions during persistent viral infections. Cell host &
microbe 13 (6):652-664

[6] Pellegrini M, Calzascia T, Toe ]G, Preston SP, Lin AE, Elford AR, Shahinian A, Lang
PA, Lang KS, Morre M, Assouline B, Lahl K, Sparwasser T, Tedder TF, Paik JH, DePinho
RA, Basta S, Ohashi PS, Mak TW (2011) IL-7 engages multiple mechanisms to overcome
chronic viral infection and limit organ pathology. Cell 144 (4):601-613

[7] Hou L, Jie Z, Desai M, Liang Y, Soong L, Wang T, Sun ] (2013) Early IL-17
production by intrahepatic T cells is important for adaptive immune responses in viral
hepatitis. ] Immunol 190 (2):621-629

[8] Shin EC, Park SH, Nascimbeni M, Major M, Caggiari L, de Re V, Feinstone SM, Rice
CM, Rehermann B (2013) The frequency of CD127(+) hepatitis C virus (HCV)-specific T
cells but not the expression of exhaustion markers predicts the outcome of acute HCV
infection. Journal of virology 87 (8):4772-4777

[9] Larrubia JR, Lokhande MU, Garcia-Garzon S, Miquel ], Gonzalez-Praetorius A,
Parra-Cid T, Sanz-de-Villalobos E (2013) Persistent hepatitis C virus (HCV) infection
impairs HCV-specific cytotoxic T cell reactivity through Mcl-1/Bim imbalance due to
CD127 down-regulation. Journal of viral hepatitis 20 (2):85-94

[10] Noguchi M, Nakamura Y, Russell SM, Ziegler SF, Tsang M, Cao X, Leonard W]
(1993) Interleukin-2 receptor gamma chain: a functional component of the interleukin-7
receptor. Science 262 (5141):1877-1880

[11] Hartling HJ, Thorner LW, Erikstrup C, Zinyama R, Kallestrup P, Gomo E, Nielsen
SD, Ullum H (2013) Polymorphisms in the interleukin-7 receptor alpha gene and
mortality in untreated HIV-infected individuals. AIDS 27 (10):1615-1620

[12] Limou S, Melica G, Coulonges C, Lelievre ]D, Do H, McGinn S, Gut IG, Levy Y,
Zagury JF (2012) Identification of IL7RA risk alleles for rapid progression during HIV-1
infection: a comprehensive study in the GRIV cohort. Current HIV research 10 (2):143-
150



[13] Rajasuriar R, Booth DR, Gouillou M, Spelman T, James I, Solomon A, Chua K,
Stewart G, Deeks S, Bangsberg DR, Muzoora C, Cameron PU, Hunt P, Martin ], Lewin SR
(2012) The role of SNPs in the alpha-chain of the IL-7R gene in CD4+ T-cell recovery in
HIV-infected African patients receiving suppressive cART. Genes and immunity 13
(1):83-93

[14] Panel de expertos de Gesida Plan Nacional sobre el Sida y Asociacion Espafiola
para el Estudio del Higado (2010) [Recommendations of Gesida/PNS/AEEH for the
management and treatment of the adult patient co-infected with HIV and hepatitis A, B
and C virus]. Enfermedades infecciosas y microbiologia clinica 28 (1):31 e31-31

[15] Panel de expertos de Gesida y Plan Nacional sobre el Sida (2009)
[Recommendations from the GESIDA/Spanish AIDS Plan regarding antiretroviral
treatment in adults with human immunodeficiency virus infection (update February
2009)]. Enfermedades infecciosas y microbiologia clinica 27 (4):222-235

[16] Thorpe LE, Ouellet L], Hershow R, Bailey SL, Williams IT, Williamson ],
Monterroso ER, Garfein RS (2002) Risk of hepatitis C virus infection among young adult
injection drug users who share injection equipment. Am ] Epidemiol 155 (7):645-653

[17] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC (1985)
Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia 28 (7):412-419

[18] Jacobs WH, Goldberg SB (1989) Statement on outpatient percutaneous liver
biopsy. Digestive diseases and sciences 34 (3):322-323

[19] Resino S, Seoane JA, Bellon JM, Dorado ], Martin-Sanchez F, Alvarez E, Cosin ],
Lopez JC, Lopez G, Miralles P, Berenguer ] (2011) An artificial neural network improves
the non-invasive diagnosis of significant fibrosis in HIV/HCV coinfected patients. The
Journal of infection 62 (1):77-86

[20] Ghany MG, Strader DB, Thomas DL, Seeff LB (2009) Diagnosis, management, and
treatment of hepatitis C: an update. Hepatology 49 (4):1335-1374

[21] Soriano V, Puoti M, Sulkowski M, Cargnel A, Benhamou Y, Peters M, Mauss §, Brau
N, Hatzakis A, Pol S, Rockstroh J (2007) Care of patients coinfected with HIV and
hepatitis C virus: 2007 updated recommendations from the HCV-HIV International
Panel. AIDS 21 (9):1073-1089

[22] Cheng YC, Hsiao FC, Yeh EC, Lin W], Tang CY, Tseng HC, Wu HT, Liu CK, Chen CC,
Chen YT, Yao A (2012) VarioWatch: providing large-scale and comprehensive
annotations on human genomic variants in the next generation sequencing era. Nucleic
acids research 40 (Web Server issue):W76-81

[23] Larrubia JR, Lokhande MU, Moreno-Cubero E, Garcia-Garzon S, Miquel ], Parra-
Cid T, Gonzalez-Praetorious A, Perna C, Lazaro A, Sanz-de-Villalobos E (2013) HCV-
specific CD8+ cell detection at week 12 of chronic hepatitis C treatment with PEG-
interferon-alphaZ2b/ribavirin correlates with infection resolution. Cellular immunology
286 (1-2):31-38

[24] Gregory SG, Schmidt S, Seth P, Oksenberg JR, Hart ], Prokop A, Caillier S], Ban M,
Goris A, Barcellos LF, Lincoln R, McCauley JL, Sawcer S], Compston DA, Dubois B, Hauser



SL, Garcia-Blanco MA, Pericak-Vance MA, Haines JL (2007) Interleukin 7 receptor alpha
chain (IL7R) shows allelic and functional association with multiple sclerosis. Nature
genetics 39 (9):1083-1091

[25] Larrea E, Riezu-Boj ]I, Aldabe R, Guembe L, Echeverria I, Balasiddaiah A,
Gastaminza P, Civeira MP, Sarobe P, Prieto ] (2014) Dysregulation of interferon
regulatory factors impairs the expression of immunostimulatory molecules in hepatitis C
virus genotype 1-infected hepatocytes. Gut 63 (4):665-673

[26] Yamanouchi ], Rainbow D, Serra P, Howlett S, Hunter K, Garner VE, Gonzalez-
Munoz A, Clark ], Veijola R, Cubbon R, Chen SL, Rosa R, Cumiskey AM, Serreze DV,
Gregory S, Rogers ], Lyons PA, Healy B, Smink L], Todd JA, Peterson LB, Wicker LS,
Santamaria P (2007) Interleukin-2 gene variation impairs regulatory T cell function and
causes autoimmunity. Nature genetics 39 (3):329-337

[27] Kared H, Saeed S, Klein MB, Shoukry NH (2014) CD127 Expression, Exhaustion
Status and Antigen Specific Proliferation Predict Sustained Virologic Response to IFN in
HCV/HIV Co-Infected Individuals. PloS one 9 (7):e101441

[28] Seigel B, Bengsch B, Lohmann V, Bartenschlager R, Blum HE, Thimme R (2013)
Factors that determine the antiviral efficacy of HCV-specific CD8(+) T cells ex vivo.
Gastroenterology 144 (2):426-436

[29] Shoukry NH, Grakoui A, Houghton M, Chien DY, Ghrayeb ], Reimann KA, Walker
CM (2003) Memory CD8+ T cells are required for protection from persistent hepatitis C
virus infection. The Journal of experimental medicine 197 (12):1645-1655

[30] Badr G, Bedard N, Abdel-Hakeem MS, Trautmann L, Willems B, Villeneuve ]P,
Haddad EK, Sekaly RP, Bruneau ], Shoukry NH (2008) Early interferon therapy for
hepatitis C virus infection rescues polyfunctional, long-lived CD8+ memory T cells.
Journal of virology 82 (20):10017-10031

[31] Kreft KL, Verbraak E, Wierenga-Wolf AF, van Meurs M, Oostra BA, Laman ]D,
Hintzen RQ (2012) Decreased systemic IL-7 and soluble IL-7Ralpha in multiple sclerosis
patients. Genes and immunity 13 (7):587-592

[32] Broux B, Hellings N, Venken K, Rummens JL, Hensen K, Van Wijmeersch B,
Stinissen P (2010) Haplotype 4 of the multiple sclerosis-associated interleukin-7
receptor alpha gene influences the frequency of recent thymic emigrants. Genes and
immunity 11 (4):326-333

[33] Hartling HJ, Thorner LW, Erikstrup C, Harritshoj LH, Kronborg G, Pedersen C,
Larsen CS, Helleberg M, Gerstoft ], Obel N, Ullum H, Nielsen SD (2014) Polymorphism in
interleukin-7 receptor alpha gene is associated with faster CD4+ T-cell recovery after
initiation of combination antiretroviral therapy. AIDS 28 (12):1739-1748

[34] Pawlotsky JM (2014) New hepatitis C therapies: the toolbox, strategies, and
challenges. Gastroenterology 146 (5):1176-1192



SUPPLEMENTARY DATA

Supplementary data 1.

Association between IL7RA rs6897932 polymorphism and sustained virologic response
(SVR) (n=176, crude analysis)

Model Genotype | No SVR SVR OR (95% Cl) P- AIC | BIC
value
Dominant | C/C 43 (53.8%) | 67 (69.8%) 1.00 0.029 | 241.7 | 248.1
C/T-T/T | 37(46.2%) | 29 (30.2%) | 0.50 (0.27-0.93)
Recessive | C/C-C/T 78 (97.5%) | 91 (94.8%) 1.00 0.350 | 245.7 | 252
/T 2 (2.5%) 5(5.2%) | 2.14(0.40-11.35)
Log-additive | --- --- --- 0.66 (0.39-1.12) | 0.120 | 244.1 | 250.5

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; SVR, sustained virologic
response; AIC, Akaike information criterion; BIC, Bayesian information criterion

Association between IL7RA rs987106 polymorphism and sustained virologic response
(SVR) (n=177, crude analysis)

Model Genotype No SVR SVR OR (95% Cl) P- AIC BIC
value
Dominant | A/A 18 (22.5%) 33 (34%) 1.00 0.092 | 2449 | 251.2
A/T-T/T | 62(77.5%) | 64(66%) | 0.56(0.29-1.10)
Recessive | A/A-A/T 62 (77.5%) | 78 (80.4%) 1.00 0.640 | 247.5 | 253.9
T/T 18 (22.5%) | 19(19.6%) | 0.84 (0.41-1.73)
Log-additive | --- - - 0.74 (0.49-1.14) | 0.170 | 245.9 | 252.2

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; SVR, sustained virologic
response; AIC, Akaike information criterion; BIC, Bayesian information criterion

Association between IL7RA rs3194051 polymorphism and sustained virologic response
(SVR) (n=176, crude analysis)

Model Genotype | No SVR SVR OR (95% Cl) P- AIC BIC
value
Dominant | A/A 42 (52.5%) | 37 (38.5%) 1.00 0.064 | 243.1 | 249.4
A/G-G/G | 38(47.5%) | 59 (61.5%) | 1.76 (0.97-3.22)
Recessive | A/A-A/G | 78 (97.5%) | 80 (83.3%) 1.00 0.002 | 235.6 | 241.9
G/G 2 (2.5%) 16 (16.7%) | 7.80 (1.74-35.05)
Log-additive | --- 1.98 (1.22-3.21) | 0.004 | 238.3 | 244.7

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; SVR, sustained virologic
response; AIC, Akaike information criterion; BIC, Bayesian information criterion




Supplementary data 2. Percentage of co-carriages of the IL28B rs12980275 and IL7RA
polymorphisms in relation to sustained virologic response (SVR) rates among HIV/HCV-

coinfected patients.

IL7RA Genotypes p-values

rs6897932 (D) All genotypes cC CT/TT

rs12980275 AG/GG 37 (42.5%) 23 (46.9%) 14 (36.8%) 0.345

rs12980275 AA 59 (66.3%) 44 (72.1%) 15 (53.6) 0.085
rs987106 (D) All genotypes AA AT/TT

rs12980275 AG/GG 38 (43.2%) 16 (59.3%) 22 (36.1%) 0.043

rs12980275 AA 59 (66.3%) 17 (70.8%) 42 (64.6%) 0.582
rs3194051 (R) All genotypes AA/AG GG

rs12980275 AG/GG 37 (42.5%) 32 (39.0%) 5 (100%) 0.007

rs12980275 AA 59 (66.3%) 48 (63.2%) 11 (84.6%) 0.130

P-values were calculated by Chi-squared test. Statistical significant differences are shown in

bold.

Abbreviations: HCV-GT, hepatitis C virus genotype, D, dominant inheritance; R, recessive

inheritance.



