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Programmed cell death-1 polymorphism rs11568821
is a predictor of treatment outcome in chronic HCV
genotype 4 infection
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Background & Aim: Recently, a single nucleotide polymorphism of Programmed Cell
Death-1 (PD-1) gene has been reported to be associated with sustained virologic response
(SVR) and to increase the predictive value of IL28B/CC genotype in chronic hepatitis C
virus (HCV) genotype 1 and 3 infections. However, to date, there is no data concerning
genotype 4. The aim of this study was to investigate the effect of PD-1.3 polymorphism on
treatment outcome in patients with chronic HCV-4 infection.
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Methods: 200 HCV-4 chronic infected patients were recruited and received PEG-IFN-α
and ribavirin therapy. They were classified according to their response to treatment into
SVR and Non-responders (NR) groups. PD-1.3 and IL28B rs12979860 polymorphisms
were genotyped by polymerase chain reaction- restriction fragment length polymorphism
(PCR-RFLP) analysis.
Results: PD-1.3/GG genotype was over-represented in NR (79.8%) than in SVR patients
(58.3%), P=0.001. PD-1.3/A allele was associated with SVR (P <0.001). IL28B/CC
genotype was recognized in 60.4% of SVR vs. 25.9% of NR patients (P <0.001). The
unfavorable TT genotype was revealed in 4.2% of SVR vs. 23.1% of NRs (P<0.001). Using
logistic regression analysis, IL28B/CC genotype showed a predictive value of 58% which
increased to 62.8% in the presence of PD1.3/AA genotype.
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Conclusions: PD-1.3 polymorphism is a new predictor of treatment outcome in chronic
HCV genotype 4 infected patients and allele a associates with SVR. Genotyping of both
IL28B rs12979860 and PD-1.3 is valuable in these patients for early prediction of the
response to combined interferon and ribavirin therapy.
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Introduction
Chronic infection with hepatitis C virus (HCV) is a global health
problem that affects more than 170 million people worldwide,
with 3-4 million new cases each year.1 It represents a major cause
of chronic hepatitis, cirrhosis, and hepatocellular carcinoma.2 HCV
genotype 4 (HCV-4) is the most common variant in the Middle East
and Africa, particularly Egypt3,4 which has the highest prevalence of
HCV worldwide (15%),5 and the highest prevalence of genotype 4.6
The current standard therapy for chronic HCV infection consists of
subcutaneous injections of long-acting pegylated interferon-α (PEGIFN) plus oral treatment with ribavirin.7 However, sustained virologic
response (SVR) is achieved in only 20-50% of HCV- 4 infected
patients.8 Since a significant number of patients will fail to respond or
will experience significant side-effects, plus the high cost of therapy,
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identification of host and viral factors predicting treatment outcome
is of major interest. The chronicity of HCV infection is associated
with impaired HCV-specific cytotoxic CD8+ T lymphocytes (CTLs)
function.9 CTLs express positive and negative co-stimulatory
molecules,10,11 one of these negative regulatory molecules is the
membrane-associated molecule Programmed Cell Death-1 (PDCD1,
also known as PD-1or CD279).12
PD-1 is a member of immunoglobulin gene super family receptors
which is expressed on activated T and B lymphocytes as well as
myeloid cells.13 PD-1 strongly inhibits both proliferation and cytokine
production by CD4 and CD8 T lymphocytes after interaction with its
two ligands PD-L1 and PD-L2.14,15 PD-L1 is expressed in hematopoietic
and non-hematopoietic cells, while PD-L2 is expressed on dendritic
cells (DC) and macrophages.16,17 Expression of PD-L1 on dendritic
cells has been indicated to participate in T cell unresponsiveness.18
PD1.3 is a single nucleotide polymorphism (SNP) in intron 4 at
position +7146 G/A (rs11568821) which is involved in the regulation
of gene expression.19 Recently, PD-1.3/A allele has been declared to
be associated with SVR and notably increases the predictive value of
IL28B/CC genotype in HCV-1 and 3 genotypes.20 But, to date, there
is no published report concerning genotype 4. The aim of this study
was to investigate the association of PD-1.3 SNP with the response
to therapy in patients with chronic HCV-4 infection and its impact,
in combination with IL28B SNP rs12979860, on treatment outcome.
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Patients and methods
The study is a cohort of 200 naive patients with chronic HCV
genotype 4 infections. The diagnosis of chronic hepatitis C was
based on elevated serum transaminases level for at least 6 months
with consistent detection of HCV- RNA and anti-HCV antibodies.
Genotyping of HCV was performed before treatment. The treatment
protocol was a fixed weekly dose of 180 μg of 20 kD linear pegylated
interferon α-2a (PEG-IFN) and ribavirin in adjusted doses of 600-1400
mg/day according to body weight. Sustained virologic response (SVR)
was defined as undetectable HCV-RNA during the treatment and after
24 weeks of treatment completion. Null- response was defined as
<2 log (10) reduction in HCV- RNA after 12 weeks treatment. The
breakthrough response was defined when HCV-RNA rebounded and
became detectable before treatment was completed. According to
their response to combined therapy, our patients were divided into
2 groups: SVR and Non-Responders (NR). The later included nullresponders and relapsers.20 Informed consent was obtained from each
patient included in the study and the study protocol conforms to the
provisions of the Declaration of Helsinki 1975.

Biochemical markers
Serum HCV antibodies were detected by EIA using Cobas Core
immunoassay analyzer (Roche Diagnostics). Pre-treatment levels of
AST (aspartate aminotransferase), ALT (alanine aminotransferase),
GGT (gamma-glutamyltranspeptidase) and albumin (Alb) were
assayed in serum using Olympus Auto Analyzer AU400 (Olympus
Diagnostica, Japan). Prothrombin time (PT) was measured on Helena
C-II coagulometer (Helena Biosciences Europe, UK). Platelet counts
were assayed using Abbott Cell-Dyn 1700 hematology analyzer
(Abbott Laboratories, USA).
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of PstI restriction endonuclease (New England Biolabs, MA, United
States) at 37ᵒC for 1 h. PstI digestion of allele G yields fragment of
166 base pairs, whereas DNA containing the allele A yields fragments
of 116 and 50 base pairs 9 (Figure 1A) Restriction digestion products
were separated on 3% agarose gel stained with ethidium bromide for
visualization on a UV trans-illuminator.

Detection of IL28B rs12979860 C/T Polymorphism
Genotyping for the rs12979860 SNP was performed by PCR-RFLP
analysis.22 The oligonucleotide primers were: 5’- AGG GCC CCT
AAC CTC TGC ACA GTC T -3’ (Forward), and 5’- GCT GAG GGA
CCG CTA CGT AAG TCA CC -3’ (Reverse). DNA amplification was
performed on T-100 Thermal Cycler (Bio-Rad Laboratories Inc., USA)
and the PCR reaction conditions (30 μL) were: initial denaturation at
95ᵒC for 10 min, followed by 40 cycles of: denaturation at 95ᵒC for 1
min, annealing at 58ᵒC for 40s, and extension at 72ᵒC for 1 min. The
PCR product was of 403 base pairs. To perform RFLP assay, 20 μL of
amplicons were digested with 5U of BstUI restriction endonuclease
(New England Biolabs, MA, United States) at 60ᵒC for 1 h. BstUI
digestion of allele C yields fragments of 184, 105, 89 and 25 base
pairs, whereas DNA containing the allele T yields fragments of 184,
130 and 89 base pairs (Figure 1B) Restriction digestion products
were separated on 3% agarose gel stained with ethidium bromide for
visualization on a UV trans-illuminator.

HCV genotyping and detection of HCV-RNA levels
Viral RNA was extracted from plasma using the QIAamp Viral
RNA Mini Kit (Qiagen Hilden, Germany, Cat no. 52904) according
to the manufacturer’s protocol. HCV- RNA was quantified during
the treatment and the follow-up period (at 0, 4, 12, 24, 48, 72
weeks of starting treatment) by reverse transcriptase polymerase
chain reaction (RT-PCR) using TaqMan HCV kit (Roche Molecular
Systems Inc., Branchburg, N.J.) performed on the COBAS TaqMan
48 Analyzer (Roche Molecular Systems). HCV genotype was defined
by the reverse line probe assay (Innolipa v.1.0, innogenetics, Ghent,
Belgium) according to the manufacturer’s instructions.

Figure 1 PCR- RFLP analysis:
(A) PD-1.3 rs11568821: 166bp indicates GG genotype (1), 116+50bp indicate
AA genotype (2), 166+116+50bp indicate GA genotype (3).
(B) IL-28B rs12979860: 184+130+89bp indicate TT genotype (1),
184+105+89+25bp indicate CC genotype (2), 184+130+105+89+25bp
indicate CT genotype (3).

Genotyping of PD-1 and IL28B

Statistical analysis

Genomic DNA was extracted from EDTA anti-coagulated blood
using the QIAamp DNA extraction kit (Qiagen Hilden, Germany, Cat
no. 51304) according to the manufacturer’s protocol.

Statistical calculations were done using Microsoft Excel version 7
(Microsoft Corporation, NY, and USA) and SPSS version 16 (Chicago,
IL, USA). Quantitative data was presented as mean±standard deviation
(±SD). Qualitative data was expressed as frequency (absolute number
and percent). Pearson chi-square (χ²) and Fisher’s exact tests were used
to compare between independent variables. Comparison of more than
two variables was done by ANOVA test. Binary logistic regression
analysis was used for determination of predictor models. A probability
value (P) less than 0.05 was considered statistically significant. Odds
ratios (OR) and 95% confidence intervals (95% CI) were calculated to
estimate the strength of the association when appropriate.

Detection of PD-1.3 rs11568821 G/A polymorphism
The SNP PD-1.3 (rs11568821) was genotyped by PCR–
restriction fragment length polymorphism (RFLP) analysis.21 The
oligonucleotide primers were 5´-CCCCAGGCAGCAACC TCAAT-3´
(Forward), and 5´-GACCGCAGGCAGGCACATAT-3´ (Reverse).
DNA amplification was performed on T-100 Thermal Cycler (BioRad Laboratories Inc., USA). PCR reaction conditions (30 μL)
were: initial denaturation at 95ᵒC for 5 min, followed by 30 cycles
of: denaturation at 95ᵒC for 1 min, annealing at 62ᵒC for 1 min, and
extension at 72ᵒC for 1 min. The PCR product was of 166 base pairs.
To perform RFLP assay, 20 μL of amplicons were digested with 5U

Results
According to the patients response to PEG-IFN and ribavirin
therapy, 48% (n = 96) were classified as SVR and 52% (n=104)
were classified as NR. The demographic and clinical characteristics
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of patients are summarized in Table 1. Analysis of PD-1.3 genotype
distribution among the two groups of patients showed that GG
genotype was over-represented (79.8%) in NR patients vs. 58.3% in
SVR patients (P=0.001). Genotypes GA and AA were recognized in
41.7% of SVR patients vs. 20.2% in NRs. The frequency of allele A
was significantly higher in SVR (24.5%) than in NR patients (12%),
P <0.001 Table 2.
Genotyping results of IL28B showed that CC genotype was found
in 60.4% of SVR patients vs. 25.9% of NR patients (P <0.001), while
CT genotype was detected in 35.4% vs. 51%, respectively (p <0.05).
Meanwhile, the unfavorable TT genotype was detected in 4.2% of
SVR patients vs. 23.1% of NRs (P<0.001) Table 2. The impact of
PD1.3, in combination with IL28B rs12979860, on the treatment
outcome was studied by a binary logistic regression analysis. In step
1, IL28B/CC genotype showed a predictive value of 58% (OR=7.588,
95% CI=2.660-21.654). In step 2, a better prediction (62.8%) was
obtained with PD1.3/AA genotype in the presence of IL28B/CC
genotype (OR=8.8, 95% CI=2.890-27.106) Table 3.

Table Continued
Genotypes
T/T

SVR group (n=96)

NR group (n=104)

Age (Years)

43.67±9.78

45.50±7.45

Gender [n (%)]

SVR
group (n=96)

NR group (n=104)
24 (23.1%)

PD-1.3 /G

4 (4.2%)
SVR group
(2n=192)
145 (75.5%)

PD-1.3 /A

47 (24.5%)

25 (12%)

IL28B/C

150 (78%)

107(51.4%)

IL28B/T

42 (22%)

101(48.6%)

Alleles

P-value

NR group (2n=208)

P-value

183 (88%)

<0.001

0

NR, non-responders; SVR, sustained virological responders
Table 3 Logistic regression analysis of IL28B and PD1.3 genotypes as
predictors of treatment outcome

Step 1a

Table 1 Demographic and clinical characteristics of the studied patients
Parameters

Step 2b

P- value

OR

95% CI

CC

0

7.588

2.660–21.645

CT

0

6.545

2.398-17.863

AA

0.03

4.438

1.157–17.023

GA

0.004

2.629

1.368-5.050

IL-28B genotype

PD-1.3 genotype

Male

77 (80)

81 (78)

Female

19 (20)

23 (22)

BMI (kg/m2)
Pre-treatment viral
load
<400,000 IU/ml [n (%)]

23.2±4.6

24.1±3.2

IL-28B genotype

0

8.85

2.890-27.106

32 (26.7)*

21(16.2)

CC

0.001

6.282

2.066-19.101

AST (U/L)

82.87±27.92

78.27±15.25

OR, odds ratio; CI, confidence interval

ALT (U/L)

101.80±38.56

92.85±27.12

GGT (U/L)

35.2±11.4

31.3±9.1

Discussion

Platelets (x103/µL)
Prothrombin time
(sec.)
Serum albumin(gm/dl)

230±93.2

199±41.4

12.87±0.74

13.04±1.11

3.57±0.34

3.90±0.71

CT

Data are expressed as mean±SD
NR, non-responders; SVR, sustained virological responders; BMI, body mass
index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT,
gamma-glutamyltranspeptidase
*Significant (P<0.05).
Table 2 Genotype distribution and allele frequency of PD-1.3 rs11568821
and IL-28B rs12979860 in studied patients
SVR
group (n=96)

NR group (n=104)

P-value

G/G

56 (58.3%)

83 (79.8%)

0.001

G/A

33 (34.4%)

17 (16.3%)

A/A

7 (7.3%)

4 (3.9%)

C/C

58 (60.4%)

27 (25.9%)

C/T

34 (35.4%)

53 (51%)

Genotypes

10

PD-1.3

IL28B
0

PD-1 is a good candidate marker which is involved in progression
of HCV infection and the high expression on CD8+ T cells represents
one of the mechanisms of HCV chronicity.17 PD-1 was found to be
expressed at high levels on HCV-specific CTL during the acute phase
of infection and declines in self-limited infections, but remains high
in patients with chronic infection.23 Also, pretreatment level of PD-1
expression on HCV-specific CTLs was highly predictive of both early
and sustained virologic responses in chronic HCV-1 infection.24 The
human gene for PD-1 is localized on chromosome 2q37.325 and PD1.3 (+7146 G/A) is a SNP which affects the transcription of PD-1
mRNA and allele A carriers have a lower expression of PD-1 molecule
on their activated lymphocytes.19,26 Recently, PD1.3 has been reported
to be associated with SVR in chronic HCV-1 and -3 infections.20
In this study, we investigated the association of PD-1.3 with the
response to PEG-IFN and ribavirin therapy in chronic HCV-4 infection.
Our results revealed that PD-1.3/A allele associated with SVR (P
<0.001). PD-1.3 GA and AA genotypes were recognized in 41.7% of
SVR patients vs. 20.2% in NRs. In contrast to Vidal-Castineira et al.
[20] who reported that the PD-1.3/A allele was associated with SVR
in both HCV-1 (16.3% vs. 9.7%, P <0.05) and HCV-3 (18.6% vs. 0%,
P <0.01) but not in HCV-4, which might be attributed to that most
of their patients were of genotype 1 (n=313) and genotype 3 (n=73),
while only 13 patients were of genotype 4 (SVR= 6 and NRs= 7).
IL28B rs12979860 influences the treatment responsiveness,20,27 viral
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clearance20,28 and CC genotype has the strongest association with
SVR.27,29 In patients with HCV-4, CC genotype provides a SVR over
80% in Egyptian, European, and Sub-Saharan African patients, while
TT genotype is associated with failed response to therapy.30,31 In our
patients, IL28B/ CC and CT genotypes associated with SVR, while
the TT genotype associated with NR (P <0.001).32–34
When we studied the impact of PD-1.3, in combination with IL28B
polymorphism, on the treatment outcome; the predictive value of
IL28B/ CC genotype was 58% and increased to 62.8% in patients who
were PD-1.3/AA genotype. Similar findings were previously reported
by Vidal-Castineira and co-workers20 who found that IL28B/CC
genotype was the most significant predictor of SVR in all genotypes
(74.5%). In patients with IL28B/CC genotype, the PD-1.3 was the
next most relevant predictor of treatment response as the presence
of PD-1.3/A allele increased the probability of SVR to 93.3%, while
the percentage dropped to 69.7% if they carried the PD-1.3/ GG
genotype. They also reported that the next significant predictive factor
in patients with IL28B/CT and TT genotypes was the HCV genotype
as IL28B/TT patients infected with HCV-1 or 4 achieved a low rate
of SVR (18.8%), while patients infected with HCV-2 or 3 achieved
SVR rate of 57%. Meanwhile, the SVR rate of IL28B/CT patients
with HCV-1 or 4 was 37%, but if the HCV genotype was 2 or 3, the
SVR frequency increased to 82.9%.20
From our results, we concluded that PD-1.3 polymorphism is
a new predictor of treatment outcome in chronic HCV genotype 4
infected patients and allele an associates with SVR. Genotyping of
both IL28B rs12979860 and PD-1.3 is valuable in these patients for
early prediction of the response to therapy.
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