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duction during treatment may distinguish EVRs from non-
EVRs in genotype 4. SOCS3 gene does not seem to be impli-
cated in therapy resistance in genotype 4. An association 
between p53 and ISGs expression was shown for the first 
time in HCV-infected patients, further supporting the contri-
bution of p53 to host antiviral response. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Hepatitis C virus (HCV) infection has become a major 
disease burden on the world; 170 million people are in-
fected worldwide and 3–4 million persons are newly in-
fected each year  [1] . The highest HCV prevalence world-
wide (15%) has been reported to be in Egypt  [2] , where 
almost 90% of HCV infections are caused by HCV geno-
type 4  [3, 4] . The current standard treatment for chronic 
HCV infection is pegylated interferon (IFN)- �  associated 
with the oral antiviral drug ribavirin given for 24 or 48 
weeks depending on the genotype  [5] . This regimen 
showed the best results in patients with genotype 2 or 3 
but less promising results in patients infected with geno-
type 1  [6–8] . Only a few data have been published con-
cerning genotype 4, which is the focus of the present 
study, and this genotype has been classified under ‘diffi-
cult-to-treat’ genotypes. IFN- �  mediates its antiviral ef-
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 Abstract 

  Aims:  To investigate the myxovirus-resistance protein A 
(MxA) and double-stranded RNA-activated protein kinase 
(PKR) genetic response to interferon (IFN) therapy in hepati-
tis C virus (HCV) genotype 4-infected patients. Moreover, we 
studied the association between suppressor of cytokine sig-
naling 3 (SOCS3) gene expression and therapy resistance in 
genotype 4. Finally, we investigated the novel link between 
p53 and IFN-stimulated genes (ISGs) in humans.  Methods:  
Gene expression analyses were performed in peripheral 
blood using TaqMan real-time PCR. Virologic response was 
assessed with a branched-DNA assay. Genotyping was con-
firmed.  Results:  Early virologic responders (EVRs, n = 23) but 
not non-EVRs (n = 7) showed strong upregulation of PKR at 
week 12 of therapy compared to baseline. Both EVRs and 
non-EVRs showed MxA upregulation at week 12 compared 
to baseline. Baseline SOCS3 expression did not distinguish 
EVRs from non-EVRs in genotype 4. An association was 
found between p53 and MxA and PKR gene expression.  Con-

clusion:  Measurement of MxA and PKR transcriptional in-
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fects by binding to its specific IFN type 1 receptors, which 
results in the activation of the Janus-activated kinase 
(JAK)-signaling transducers and activators of transcrip-
tion (STAT) (JAK-STAT) signaling pathway. Activation 
of the JAK-STAT pathway results in activation of a tran-
scription activation complex (IFN-stimulated gene factor 
3, ISGF3) leading to transcriptional induction of several 
IFN-stimulated genes (ISGs) with antiviral activity  [9, 
10] . Among these ISGs, the genes coding for the myxovi-
rus-resistance protein A (MxA) and the double-stranded 
RNA (dsRNA)-activated protein kinase (PKR) play an 
important role in the host immune response against 
HCV. MxA protein plays a major role in host defense 
against viral infections by inhibiting viral replication 
through its GTPase activity  [11] . Furthermore, MxA gene 
expression is rapidly induced upon viral infection and 
tightly regulated by type 1 IFNs  [12, 13] . In addition, 
MxA expression requires STAT1 signaling as recently 
demonstrated in human STAT1 null cells  [14] . Thus, 
MxA is a sensitive and reliable marker for type 1 IFN bio-
activity and is suitable for gene expression studies  [15] .

  PKR protein kinase is activated in response to dsRNA 
and thus acts as a sensor of viral infections  [16] . Its activa-
tion leads to the phosphorylation of the  � -subunit of the 
eukaryotic initiation factor (eIF-2  � )  [17] , resulting in 
general inhibition of translation, including translation of 
viral mRNA  [18] . It has recently been demonstrated that 
PKR protein kinase is activated by HCV infection and 
plays a critical antiviral role through inhibition of viral 
protein translation  [19] . Thus, analysis of MxA and PKR 
gene expression would be a practical approach to assess 
the individual molecular efficacy of the currently used 
combination therapy, especially in genotype 4, which has 
not been previously investigated on the molecular level.

  On the other hand, suppressors of cytokine signaling 
(SOCS) have been identified as regulators of JAK-STAT 
signaling by acting through a classical negative feedback 
loop  [20] . The role of the suppressor of cytokine signaling 
3 (SOCS3) in the resistance to IFN-based therapy in HCV 
infection has recently been evoked. Recent in vitro stud-
ies have demonstrated that a high level of SOCS3 was 
found in HCV-replicating cells which were resistant to 
IFN therapy  [21]  and that induction of SOCS3 was in-
duced by HCV core protein and resulted in impaired IFN 
signaling  [22] . The inhibitory effect of SOCS3 on the 
JAK-STAT pathway has been shown to be mediated by a 
reduction in STAT1 phosphorylation  [23] . Recent in vivo 
studies have demonstrated a positive correlation between 
high pretreatment SOCS3 gene expression and nonre-
sponse to therapy in genotype 1-infected patients both in 

the liver as well as in peripheral blood mononuclear cells 
(PBMCs)  [23–25] . However, to our knowledge, the role of 
SOCS3 in the response to treatment of HCV genotype 
4-infected patients has not been previously investigated.

  The tumor suppressor gene p53 has recently been clas-
sified under type 1 IFN-induced genes because of the 
presence of active IFN-stimulated response elements in its 
promoter  [26] . Very recently, Dharel et al.  [27]  showed that 
p53 had an inhibitory effect on HCV replication in HCV-
replicating cell lines and they reported an interaction be-
tween p53 and the IFN regulatory factor 9 (IRF9). IRF9 is 
one of the components of the IFN-stimulated gene factor 
3 (ISGF3) which is necessary for transcription activation 
of ISGs through the JAK-STAT pathway. The interaction 
of p53 with the IFN- � / �  pathway was further investigated 
by Munoz-Fontela et al.  [28] , who showed a p53-depen-
dent transcriptional activation of IRF9 in vitro as well as 
in infected mice. So far, no in vivo studies have investi-
gated the role of p53 in antiviral defense in humans.

  In the present study, MxA and PKR expression was 
analyzed at the transcriptional level in patients infected 
with HCV genotype 4. In addition, the relationship be-
tween the virologic response and the expression of MxA 
and PKR was also studied in order to clarify the relation-
ship between the clinical outcome of combination thera-
py and the transcriptional response to IFN in genotype 4. 
Furthermore, the SOCS3 mRNA level was correlated 
with the virologic response of HCV genotype 4-infected 
patients in order to investigate the role of SOCS3 in resis-
tance to therapy in genotype 4. On the other hand, the 
role of p53 in host antiviral defense has been investigated 
for the first time in HCV-infected humans. The use of 
PBMCs made it possible to perform the current gene ex-
pression study both at the baseline level as well as 12 
weeks after initiation of the therapy with pegylated IFN-
 �  associated with the oral antiviral drug ribavirin, which 
represents the first important milestone in the assess-
ment of treatment response and decides on the interrup-
tion of therapy in patients who do not achieve at least a 
2-log 10  decrease in their baseline viral load.

  Patients and Methods 

 Patients 
 Subjects were adult patients (mean age 39  8  16 years), with 

chronic hepatitis C, who were treated at the Viral Hepatitis Treat-
ment Center (VHTC) in Al Kahera Al Fatymia Hospital in Cairo 
during the years 2008 and 2009. All patients were HCV RNA pos-
itive and all patients were negative for hepatitis B surface antigen. 
After written informed consent was obtained from patients, serum 
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and peripheral whole-blood samples were collected before initia-
tion of therapy and genotyping was performed (Versant HCV Gen-
otype 2.0 Assay; Siemens Medical Solution Diagnostics; formerly 
Bayer HealthCare). In order to standardize the viral RNA quanti-
fication method, the branched DNA (bDNA) assay (Versant HCV 
RNA 3.0 Assay; Siemens Medical Solution Diagnostics) was used 
to document the baseline viral load and assess the viral load de-
cline during treatment. According to the genotyping results and 
the baseline HCV RNA, 38 patients with detectable viral RNA were 
eligible to be included in this study. Among these patients, 30 had 
genotype 4 and 8 patients had either other genotypes than geno-
type 4 or genotyping results were unspecific. Only patients having 
genotype 4 were included in the gene expression study of MxA, 
PKR and SOCS3. For the gene expression study of p53, all 38 pa-
tients were considered. A group of sex- and age-matched healthy 
volunteers were also included in this study as controls after in-
formed consent. PBMCs were extracted and baseline gene expres-
sion analyses of MxA, PKR, SOCS3 and p53 were performed using 
the TaqMan real-time PCR technique. Patients started treatment 
with pegylated IFN- � -2a at a dose of 180  � g weekly by subcutane-
ous injection associated with ribavirin orally at a dose of 1,000 mg 
if the body weight was less than 75 kg and 1,200 mg if the body 
weight was equal to or greater than 75 kg. Serum and peripheral 
blood samples were again collected after 12 weeks of therapy. Viral 
RNA was again quantified using the same bDNA assay for the as-
sessment of early virologic responders (EVRs) and PBMCs were 
isolated for the gene expression analyses of PKR, MxA, SOCS3 and 
p53 at week 12 of therapy. All experiments were performed in com-
pliance with the guidelines of the institutional review board of 
Kasr El Aini Medical School in Cairo University and in accordance 
with the ethical standards of the Declaration of Helsinki.

  Preparation of PBMCs 
 PBMCs were isolated from 2 ml venous blood using the Ficoll 

density gradient centrifugation method and resuspended in 1 ml 
freeze mix (RPMI-1640 medium supplemented with antibiotics, 
FBS 30%, DMSO 10%) and immediately frozen at –80° until use.

  Isolation of Total Cellular RNA 
 Total cellular RNA was extracted from PBMC pellets using the 

QIAamp RNA Blood Mini kit (Qiagen, Hilden, Germany) follow-
ing the manufacturer’s instructions. The extracted RNA was 
stored at –20° until use.

  cDNA Preparation 
 Total cellular RNA was reverse transcribed into single-strand-

ed complementary DNA (cDNA) using the High-Capacity cDNA 
Reverse Transcription kit (Applied Biosystems, Foster City, Calif., 
USA) following the manufacturer’s instructions. The synthesized 
cDNA samples were stored at –20° until use.

  Analysis of Gene Expression by the TaqMan Real-Time PCR 
Technique 
 The mRNA expression level of the studied genes MxA, PKR, 

p53 and SOCS3 as well as of the housekeeping gene GAPDH, used 
as internal control, was quantified using TaqMan real-time PCR 
using the StepOne TM  Real-Time PCR instrument (Applied Biosys-
tems) and StepOne TM  system software (Applied Biosystems). In or-
der to quantify the results obtained by the real-time PCR, the com-
parative cycle threshold (CT) method was used comparing the CT 

values of the samples of interest with healthy controls. The CT val-
ues of both the calibrator and the samples of interest were normal-
ized to the CT values of the endogenous housekeeping gene GAP-
DH in the same sample. The experiments were done in duplicate 
and the results expressed in relative quantitation, RQ = 2 –  �  �  CT .

  Genotyping 
 Following viral RNA extraction, using the QIAamp Viral 

RNA Mini Kit (Qiagen), reverse transcription and PCR amplifica-
tion were performed using the Versant HCV Amplification 2.0 
Kit (Siemens Medical Solution Diagnostics). DNA PCR products 
were then processed using the Versant HCV Genotype 2.0 Assay 
(LiPA; Siemens Healthcare Diagnostics) according to the manu-
facturer’s instructions.

  Quantification of Viral RNA 
 Quantification of viral RNA in the serum prior to the com-

mencement of the treatment as well as at week 12 of therapy has 
been performed using the Versant HCV RNA 3.0 Assay (HCV 3.0 
bDNA assay; Bayer Diagnostics) following the manufacturer’s in-
structions. The dynamic linear quantification of the HCV RNA 
3.0 assay ranges from 615 to 7.7  !  10 6  IU/ml.

  Data Analysis 
 Gene expression is expressed in relative quantitation (RQ =

2 –  �  �  CT ) and data are expressed as mean  8  standard error of the 
mean (SEM). An unpaired Student t test was used to compare gene 
expression between patients and healthy controls as well as be-
tween EVRs and non-EVRs as a response to combination therapy. 
A p value  ! 0.05 was considered statistically significant. Correla-
tions were studied using Pearson’s correlation. Calculations were 
performed using the GraphPad Prism software, version 5.00.288 
(GraphPad Software, Inc.)

  Results 

 Response to Treatment 
 Among the 30 patients infected with genotype 4, 23 

(76.66%) had at least a 2-log decrease in their baseline vi-
ral load after 12 weeks of therapy and were classified as 
EVRs while only 7 (23.34%) showed either no decline or 
a decline less than 2 logs in their basal viral load at week 
12 and were classified as non-EVRs. Furthermore, among 
the EVRs (n = 23), 86.95% (n = 20) showed an undetect-
able viral RNA level in the serum at week 12 (complete 
EVRs), while 13.05% (n = 3) achieved only a 2-log de-
crease in their viral load at week 12 (partial EVRs). Fol-
low-up after 24 weeks of therapy showed that 19 out of 20 
(95%) complete EVRs had a negative qualitative PCR at 
week 24 of therapy.

  MxA mRNA Expression in PBMCs 
 MxA mRNA level was analyzed in PBMCs of patients 

with chronic HCV genotype 4 and healthy controls. It was 
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shown that the baseline level of MxA mRNA expression 
before treatment initiation was significantly upregulated 
in patients compared to healthy controls (mean upregula-
tion 2.3-fold; p = 0.044;  fig. 1 a). Both EVRs and non-EVRs 
showed a significant baseline MxA mRNA upregulation 
compared to healthy controls without a significant differ-
ence between EVRs and non-EVRs ( fig. 1 b). Interestingly, 
a strong upregulation in MxA mRNA expression level was 
observed in EVRs at week 12 compared to their MxA 
mRNA expression level before treatment (p   !  0.0004), 
whereas only a moderate upregulation was found in non-
EVRs between week 0 and week 12 (p = 0.0341;  fig. 1 b).

  PKR mRNA Expression in PBMCs 
 Baseline PKR gene expression showed no significant 

statistical difference between healthy controls and un-
treated HCV genotype 4-infected patients ( fig. 2 a). Both 
EVRs and non-EVRs did not show significant upregula-
tion of their baseline PKR gene expression compared to 
healthy controls ( fig. 2 b) with no significant difference 
between EVRs and non-EVRs ( fig. 2 b). EVRs showed a 
significant upregulation of PKR gene expression at week 
12 compared to week 0 (p = 0.0332); whereas non-EVRs 

showed no significant upregulation in PKR gene expres-
sion at week 12 compared to week 0 (p = 0.8799;  fig. 2 b).

  Coordinate Upregulation of MxA and PKR 
 Baseline level of MxA mRNA expression was corre-

lated to baseline level of PKR mRNA expression within 
the same sample. A statistically significant positive cor-
relation was found between baseline gene expression of 
MxA and PKR (p = 0.0002, r = 0.633), indicating that the 
activated IFN- � / �  pathway induced a coordinate upreg-
ulation of MxA and PKR genes ( fig. 3 ).

  SOCS3 mRNA Expression in PBMCs 
 Baseline SOCS3 gene expression was upregulated in 

patients compared to controls ( fig. 4 a). Both EVRs and 
non-EVRs showed a significant upregulation of baseline 
SOCS3 gene expression compared to healthy controls 
(p = 0.0303 and 0.0312, respectively) without a significant 
difference between EVRs and non-EVRs ( fig. 4 b). After 
12 weeks of therapy, SOCS3 mRNA expression showed 
no significant increase compared to week 0 in both EVRs 
and non-EVRs ( fig. 4 b). Relative changes in SOCS3 gene 
expression between week 0 and week 12 were also com-
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  Fig. 1.  MxA mRNA expression in PBMCs before and during treat-
ment.  a  Significant 2.3-fold upregulation of baseline MxA in pa-
tients (2.848  8  0.4881, n = 30) compared to controls (1.217  8  
0.191, n = 12); p = 0.044.  b  Upregulation of baseline MxA gene 
expression in both EVRs (2.977  8  0.6082, n = 23) and non-EVRs 
(2.426  8  0.6639, n = 7) compared to controls (1.217  8  0.191, n = 
12); p = 0.0485 and 0.0446, respectively. There is no statistically 
significant difference in  MxA gene expression between EVRs and 
non-EVRs (p = 0.6416). Strong MxA upregulation in EVRs at 

week 12 (W12) (8.072  8  1.171, n = 23) compared to week 0 (W0) 
(2.977  8  0.6082, n = 23); p  !  0.0004. Non-EVRs show only a mod-
erate, but statistically significant, upregulation at week 12 (5.943 
 8  1.312, n = 7) compared to week 0 (2.426  8  0.6639, n = 7); p = 
0.0341. There is no significant difference between EVRs (8.072  8  
1.171, n = 23) and non-EVRs at week 12 (5.943  8  1.312, n = 7); p = 
0.3539. The results are expressed as means  8  SEM of relative 
quantitation (RQ = 2 –  �  �  CT ). Bar = Mean value. 
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pared between EVRs and non-EVRs by comparing the 
ratio week 12/week 0 in both groups; however, no signif-
icant difference was found (p = 0.478; data not shown).

  p53 mRNA Expression in PBMCs 
 p53 gene expression level was compared among healthy 

controls and untreated HCV-infected patients. Patients 
showed higher baseline p53 gene expression in PBMCs 
compared to healthy controls (p = 0.0014;  fig. 5 a). Both 
EVRs and non-EVRs showed asignificant upregulation in 
p53 gene expression compared to healthy controls (p = 
0.002 and 0.004, respectively) without a significant differ-
ence between EVRs and non-EVRs ( fig. 5 b). No increase 
was found in p53 mRNA expression level at week 12 com-
pared to week 0 in both EVRs and non-EVRs ( fig. 5 b).

  Association between p53 Gene Expression and 
Expression of ISGs 
 HCV-infected patients were classified into two groups 

according to the level of p53 gene expression; the first 
group was composed of patients having a less than 1.5-
fold increase in p53 gene expression compared to the con-
trol population (p = 0.036) and the second group included 
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  Fig. 2.  PKR mRNA expression in PBMCs before and during treat-
ment.  a  Baseline PKR expression does not significantly differ be-
tween HCV patients (4.266  8  0.8885, n = 30) and healthy controls 
(1.805  8  0.4038, n = 12); p = 0.0947.  b  There is no statistically sig-
nificant upregulation of baseline PKR gene expression in EVRs 
(3.810  8  0.7026, n = 23) compared to controls (1.805  8  0.4038, 
n = 12); p = 0.0580. Nor is PKR significantly upregulated in non-
EVRs (5.763  8  3.150, n = 7) compared to controls (1.805  8  
0.4038, n = 12); p = 0.1195 and there is no significant difference 

between EVRs and non-EVRs (p = 0.3617). Significant PKR gene 
expression upregulation in EVRs at week 12 (W12) (6.402  8  
0.9465, n = 23) compared to week 0 (W0) (3.810  8  0.7026, n = 23); 
p = 0.0332. Non-EVRs do not show any significant upregulation 
of PKR gene expression at week 12 (6.325  8  1.829, n = 7) com-
pared to week 0 (5.763  8  3.150, n = 7); p = 0.8799. The results are 
expressed as means  8  SEM of relative quantitation (RQ =
2 –  �  �  CT   ). Bar = Mean value.  

  Fig. 3.  Coordinate upregulation of MxA and PKR genes. MxA and 
PKR mRNA expression levels in PBMCs of 30 patients infected 
with HCV genotype 4 show a statistically significant positive cor-
relation (p = 0.0002, r = Pearson’s correlation coefficient). W0 = 
Week 0.                                 
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patients with a more than 1.5-fold increase in their p53 
gene expression level compared to the same control popu-
lation (p  !  0.0001). Baseline MxA and PKR gene expres-
sion levels were compared between both groups. In the 
first group with a relatively low p53 gene expression, nei-
ther MxA nor PKR gene expression was significantly up-
regulated in HCV patients compared to controls, with p = 
0.063 and 0.066, respectively ( fig. 5 c). In the second group 
with a high p53 gene expression level, both MxA and PKR 
genes were found to be significantly upregulated com-
pared to controls, with p = 0.015 and 0.034, respectively 
( fig. 5 d). Moreover, the existence of a correlation between 
p53 and MxA and PKR expression was studied and a near-
ly significant positive correlation between p53 and PKR 
baseline expression (p = 0.056, r = 0.312) and a nonsig-
nificant correlation between p53 and MxA baseline ex-
pression (p = 0.38, r = 0.144; data not shown) were found.

  Discussion 

 Few studies have analyzed the baseline expression of 
ISGs in correlation to virologic response to treatment and 
the results were controversial  [29–33] . However, for the 
time being, little is known about ISGs gene expression in 
HCV genotype 4. The present study was mainly conduct-
ed on patients infected with HCV genotype 4. MxA but 

not PKR showed higher gene expression in untreated 
HCV genotype 4 patients compared to healthy controls 
both in EVRs and non-EVRs. This shows that the JAK-
STAT pathway was activated in PBMCs of HCV genotype 
4-infected patients independent of virologic response, 
which is concordant with other studies  [34] . These base-
line results further support previous studies regarding 
the great sensitivity of MxA in measuring the biological 
activity of both endogenous and exogenous IFN- �   [35, 
36] . Although a coordinate upregulation of baseline ex-
pression of both MxA and PKR in patients was observed 
in the present study, patients did not show a significant 
increase in PKR gene expression compared to healthy in-
dividuals. This finding could be explained either by a vi-
rus-related poor IFN induction or a virus-related attenu-
ation of ISGs transcription. In fact, HCV core protein has 
been reported to downregulate the transcription of IFN-
inducible antiviral genes as a mechanism of escape to the 
host immune system  [37] . To our knowledge, the viral ef-
fect of HCV genotype 4 on the transcription of the differ-
ent ISGs has not been previously investigated and could 
be a potential topic for further investigations.

  The present gene expression study has been performed 
on PBMCs for several reasons. Besides the fact that PBMCs 
have been shown to be a reservoir for HCV replication 
 [34] , PBMCs are strong IFN producers  [38] , and stronger 
IFN producers than hepatocytes  [39] . Moreover, the use of 
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  Fig. 4.  SOCS3 mRNA expression in PBMCs before and during 
treatment.  a  SOCS3 gene was upregulated in HCV genotype 4-in-
fected patients (5.413  8  1.470, n = 21) compared to healthy con-
trols (1.097  8  0.1729, n = 10); p = 0.05.  b  Baseline SOCS3 expres-
sion was upregulated in both EVRs (6.706  8  1.966, n = 15) and 
non-EVRs (2.181  8  0.5186, n = 6) compared to controls (1.096  8  
0.1731, n = 10); p = 0.0303 and 0.0312, respectively. There is no 

significant difference between EVRs and non-EVRs (p = 0.1701). 
Nor do EVRs and non-EVRs show any significant upregulation 
in SOCS3 mRNA expression levels at week 12 (W12) (7.829  8  
2.059, n = 15 and 1.765  8  0.2815, n = 6, respectively) compared to 
week 0 (W0) (6.706  8  1.966, n = 15 and 2.181  8  0.5186, n = 6, 
respectively); p = 0.6963 and 0.4969, respectively. The results are 
expressed as means  8  SEM of relative quantitation (RQ = 2 –  �  �  CT ).  
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peripheral blood in the present study had the advantage of 
analyzing both baseline gene expression and the changes 
in gene expression during therapy of both MxA and PKR.

  A major finding of this study was that patients who 
achieved an early virologic response to combination ther-
apy had a large increase in both MxA and PKR mRNA 
levels in PBMCs after 12 weeks of therapy. Non-EVRs, in 

contrast, showed no significant change in PKR gene ex-
pression and only a moderate upregulation of MxA gene 
expression at week 12. These results are in agreement with 
a previous study that showed that the global induction of 
ISGs in cultured PBMCs was significantly greater in re-
sponders than in nonresponders and in white patients 
compared with black patients  [40] . Moreover, these find-
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  Fig. 5.  p53 mRNA expression in PBMCs of HCV patients and cor-
relation with ISG expression.  a  Significant upregulation of p53 
mRNA expression in patients (1.736  8  0.1156, n = 38) compared 
to controls (p = 0.0014).            b  Baseline p53 expression was upregu-
lated in both EVRs (1.722  8  0.1383, n = 26) and non-EVRs (1.846 
 8  0.2796, n = 9) compared to controls (1.060  8  0.0923, n = 14); 
p = 0.0022 and 0.0049, respectively. There is no significant differ-
ence between EVRs and non-EVRs (p = 0.6676). At week 12 (W12) 
of therapy, neither EVRs nor non-EVRs show any significant up-
regulation of p53 mRNA expression (1.693  8  0.1762, n = 26 and 
2.502  8  0.4419, n = 9, respectively) compared to week 0 (1.722  8  
0.1383, n = 26 and 1.846  8  0.2796, n = 9, respectively); p = 0.8959 
and 0.2281, respectively.  c  Patients with  ! 1.5-fold increases in p53 

gene expression level (1.292  8  0.06101, n = 22) compared to 
healthy controls (1.060  8  0.0923, n = 14) (p = 0.0362) do not show 
any significant upregulation of MxA (2.671  8  0.5446, n = 22) or 
PKR (3.780  8  0.7299, n = 22) compared to controls (1.217  8  
0.1919, n = 12, and 1.805  8  0.4038, n = 12, respectively); p = 0.063 
and 0.066, respectively.  d  Patients with high-level p53 gene ex-
pression, i.e.  1 1.5-fold increase (2.347  8  0.1676, n = 16) compared 
to healthy controls (1.060  8  0.0923, n = 14) (p  !  0.0001) show a 
significant upregulation of both MxA (3.711  8  0.8182, n = 16) and 
PKR (6.757  8  1.885, n = 16) compared to controls (1.217  8  0.1919, 
n = 12, and 1.805  8  0.4038, n = 12, respectively); p = 0.015 and 
0.034, respectively. The results are expressed as means  8  SEM of 
relative quantitation (RQ = 2 –  �  �  CT ). Bar = Mean value. 
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ings are concordant with those of a recent study conducted 
on genotype 1, where a microarray analysis demonstrated 
that changes in gene expression in PBMCs during pegylat-
ed IFN and ribavirin therapy could distinguish responders 
from nonresponders  [41] . To our knowledge, the present 
study is the first to analyze the changes in ISGs expression 
during therapy in HCV genotype 4-infected patients.

  Based on recent findings that high pretreatment 
SOCS3 gene expression positively correlated with nonre-
sponse to therapy in genotype 1-infected patients  [23–25] , 
the present study aimed at investigating the role of SOCS3 
gene expression in resistance to therapy in HCV geno-
type 4-infected patients since no data concerning this 
genotype have been reported yet. In the present study, the 
overall pretreatment SOCS3 mRNA level was higher in 
patients than in healthy controls and this could be ex-
plained by the previously reported role of SOCS3 in the 
negative regulation of the JAK-STAT pathway  [20] , which 
has been demonstrated to be activated in the patients 
studied. Although the baseline SOCS3 mRNA expression 
of EVRs showed a tendency to increase compared to non-
EVRs, this increase was statistically nonsignificant. The 
absence of increase in SOCS3 mRNA level in non-EVRs 
compared to EVRs pleads against the implication of 
SOCS3 in resistance to IFN-based therapy in HCV geno-
type 4-infected patients. Thus, the role of SOCS3 in resis-
tance to therapy could be genotype dependent. This hy-
pothesis is in agreement with the recent findings that 
SOCS3 expression level induced by HCV infection is 
higher in genotype 1 compared to genotype 2  [21, 25] . 
Furthermore, changes in SOCS3 mRNA expression dur-
ing therapy showed different results in genotypes 1 and 
4. In fact, the present study showed that SOCS3 mRNA 
level after 12 weeks of therapy was comparable to the pre-
treatment level, whereas a recent study conducted on ge-
notype 1 showed an important decrease in SOCS3 ex-
pression in response to IFN therapy in responders com-
pared to nonresponders  [42] . Moreover, this same study 
showed that pretreatment hepatic SOCS3 mRNA expres-
sion was higher in responders than in nonresponders, 
which contradicts other studies also conducted on geno-
type 1  [23–25] . This discrepancy in results could be ex-
plained by a genetic variability in SOCS3 since a genetic 
polymorphism in the SOCS3 gene was reported to influ-
ence the level of SOCS3 expression and IFN treatment 
outcome in chronic hepatitis C  [23] . So far, genetic poly-
morphism in the SOCS3 gene has not been studied in 
genotype 4 and needs further investigations.

  To our knowledge, the present study is the first to in-
vestigate the role of p53 in antiviral defense in HCV-in-

fected human patients. Baseline expression of p53 mRNA 
in PBMCs of HCV patients was found to be significantly 
upregulated compared to healthy controls, which further 
confirms that HCV belongs to the viruses that upregulate 
the p53 gene. Based on the results of the present study, an 
association seems to exist between p53 gene expression 
and the expression of two important ISGs in antiviral de-
fense, MxA and PKR. Interestingly, a low p53 expression 
was not accompanied by an upregulation of MxA and 
PKR genes, whereas these two genes were significantly 
upregulated in patients with strong p53 expression. Al-
though a nearly significant positive correlation was found 
at least between p53 and PKR expression (p = 0.056), fur-
ther evaluation of these findings in a larger patient cohort 
is needed. This association may support the previous in 
vitro studies regarding a possible contribution of p53 in 
antiviral defense.

  In conclusion, we demonstrated in this study that pa-
tients infected with HCV genotype 4 who did not achieve 
an early virologic response to IFN- � /ribavirin combina-
tion therapy showed blunted changes in PKR gene ex-
pression but a significant MxA upregulation at week 12 
of therapy compared to baseline expression of both these 
genes prior to therapy begin. EVRs showed an important 
induction of PKR and more marked MxA upregulation 
after 3 months of therapy compared to baseline. This is a 
further confirmation regarding the importance of study-
ing the genetic response of ISGs in HCV patients under 
therapy for a more individualized assessment of response 
to treatment. Furthermore, SOCS3 gene expression does 
not seem to distinguish between responders and nonre-
sponders in genotype 4. Finally, the association that 
seems to exist between p53 and MxA and PKR expression 
in HCV-infected patients further supports the recently 
suggested contribution of p53 in antiviral defense. Fur-
thermore, studies using a larger number of patients would 
be very helpful in confirming our data. 
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