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Abstract
Background and Aim: Response to interferon therapy and disease progression in hepa-
titis C virus (HCV) infected patients differs among individuals, suggesting a possibility of
a contribution of host genetic factors. 2′-5′-oligoadenylate synthetase 1 (OAS1), an impor-
tant component of the innate immune system with a proven antiviral function, may there-
fore have a relationship with the response to interferon therapy and clinical course of HCV
disease. Our aim was to determine the frequency of single nucleotide polymorphism (SNP)
at exon 7 splice acceptor site (SAS) of the OAS1 gene in relation to the interferon response
and status of HCV infection.
Methods: A 203 bp fragment containing exon 7 SAS was amplified in 70 HCV chronic
patients and 50 healthy controls. SNP was examined using restriction fragment length
polymorphism (RFLP) genotyping method. Correlations of SNP genotypes with response
to interferon and clinical status of patients were statistically analyzed.
Results: There was an increasing trend of response from AA to AG to GG genotypes
(P = 0.007). Genotype AA was associated with non-response to interferon and higher
degree of liver fibrosis (P = 0.05). Multivariate analysis showed this SNP as independent
and a significant determinant of the outcome of interferon therapy (odds ratio 4.913 [95%
confidence interval 1.365–8.2], P = 0.006).
Conclusions: This is the first study to show a significant association between the func-
tional SNP at exon 7 SAS of OAS1 gene and the viral response to interferon in chronic
HCV patients. Patients with AA genotype were associated with progressive HCV disease
and viral resistance to interferon therapy. This OAS SNP is a potential bio-marker to predict
IFN response in chronic hepatitis C patients.
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Introduction

The current recommended treatment for chronic hepatitis C virus
(HCV) infection is the combination of pegylated alpha interferon
(IFN) and ribavirin given for 24 or 48 weeks.1–3 Both viral and host
factors may contribute to the phenomenon that some patients with
chronic hepatitis C respond well to IFN therapy but others do
not.4,5 Specifically, viral factors, such as genotype 1 and high HCV
RNA levels are associated with a higher incidence of resistance to
IFN therapy. Also, host factors, such as old age, advanced fibrosis,
long duration of disease and host genetic factors can adversely
influence the response to IFN treatment.6–8 The host genetic factors
mediate the vigor of the immune response of the host through the
control of inter-individual differences in the production of intra-

cellular antiviral proteins or some cytokines.9,10 These inter-
individual differences may be attributable to single nucleotide
polymorphisms (SNPs) in the human genome, which significantly
influence the progression of chronic HCV infection and response
to therapy.11,12 Biological activity of IFN therapy is mediated by
the induction of intracellular antiviral proteins, such as 2′–5′ oli-
goadenylate synthetase (OAS), dsRNA activated protein kinase
(PKR) and MxA protein.6,13,14 The 2′–5′ OAS protein has selective
activity against several viruses. It requires double stranded (ds)
RNA structures, such as viral genomes, to become activated. The
activated enzyme then catalyzes the polymerization of adenosine
triphosphate (ATP) into 2′,5′ linked oligoadenylates, and these,
in turn, bind to and activate latent ribonuclease L (RNaseL),
which degrades viral RNA and inhibits protein synthesis. The 2′-5′
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OAS-RNaseL system may also be involved in growth and apop-
tosis.15,16 The 2′-5′-oligoadenylate synthetase genes comprise a
gene family (OAS1, OAS2, and OAS3). The OAS1 gene, located
on human chromosome 12q24.2, encodes the p42, p44, p46, and
p48 isoforms.17 The importance of OAS1 for clearing viral infec-
tions has been demonstrated in different studies.18–20 In humans, it
was reported that basal activity of OAS1 varies among individuals
and is associated with susceptibility to diabetes mellitus type 1,
whose pathogenesis is thought to involve enterovirus infections.21

Furthermore, previous analysis of human OAS1 response to
yellow fever vaccine revealed a highly significant correlation
between basal enzyme activity and virus-stimulated activity mea-
sured 7 days after vaccination.22 Actually, in HCV patients, several
findings were reported regarding OAS1 (i) HCV core protein
specifically activated the 40/46-kDa OAS1 gene promoter in a
dose-dependent manner in different human hepatocyte derived cell
lines. (ii) The activation by core protein was further enhanced in
the cells treated with alpha interferon.23 (iii) The induced levels of
OAS1 were lower in poor-responder patients than in marked- or
intermediate-responder patients.24 Thus, any genetic variants that
affect OAS1 activity could be important determinants of
susceptibility/resistance to antiviral treatment and to virus-related
disease progression. Although OAS1 is critical in antiviral inter-
action, its sequence is not strictly conserved. There are eight SNPs
in exons, 24 SNPs in introns, three in promoters and one in the
5′-untranslated region (UTR) of the OAS1 gene. It was reported
that more than 12 genetic markers in OAS1 were strongly associ-
ated with enzyme activity.21,25 The strongest genetic association
with OAS1 activity occurred at exon 7 SAS of the OAS1 gene, in
which the sequence AG is required for normal splicing at this site.
The G allele at this acceptor site retains the splice site and is
associated with high enzyme activity p46, whereas the A allele
(AA at acceptor site) ablates the splice site and is associated with
low enzyme activity p48 and p52.25 Ghosh et al.26 reported that the
basal OAS1 activity is higher in persons carrying the G (p46) allele
than in those having only the A (p48/p52) allele. These findings
suggest strong genetic control of OAS1 basal activity and the
genetic polymorphism at exon 7 SAS makes OAS1 an excellent
candidate for a human gene that can significantly influence the
host susceptibility to viral infection, affect the disease progression
and the response to IFN therapy in patients with hepatitis C or
hepatitis B viral infection.10,27,28 In the present study, we investi-
gated 70 Egyptian HCV genotype 4a infected patients and 50
healthy individuals as controls to determine if the genetic SNP in
the exon 7 SAS of the human OAS1 gene is associated with
reduced response to IFN based therapy.

Methods

Subjects

Seventy patients with proven chronic hepatitis C who received
pegylated IFN + ribavirin treatment and 50 healthy controls (nega-
tive for HCV Ab and RNA as well as hepatitis B surface antigen
[HBsAg]) were enrolled in this study. Subjects were all Egyptians
and unrelated to each other. Informed consent was obtained from
each subject before collecting blood samples. All HCV patients
were positive for both anti-HCV antibody and serum HCV RNA by
reverse transcription-polymerase chain reaction (RT-PCR). All

patients were infected with HCV genotype 4a as detected by
(INNO-LiPAHCV; Innogenetics, Gent, Belgium). Viral RNAquan-
tifications were performed using (Copus Amplicore HCV monitor
test, Roche, Pleasanton, CA, USA). IFN treatment and clinical
follow-ups were performed at the Department of Tropical Medi-
cine, Kasr El Ainy Hospital, Cairo University. Prior to the start of
the IFN therapy, patients had persistently elevated serum alanine
aminotransferase (ALT) levels for at least 6 months and none of
them had evidence of metabolic liver diseases, alcohol-induced,
drug-induced or autoimmune hepatitis, thyroid hypo- or hyper-
function, or active schistosomiasis infection. A pretreatment liver
biopsy was carried out for histopathological examination and
assessment of the stages of fibrosis according to the Metavir
Score.29 Patients were treated with interferon and ribavirin combi-
nation therapy for 48 weeks. They received 20-kDa linear pegylated
(PEG) IFNa-2a derived from Hansenula Polymorpha expression
system (MinaPharm-Rhein Company, 10th of Ramadan City,
Egypt), taken once a week at 160 mg s.c., in addition to oral ribavirin
taken daily in a dose of 1000–1200 mg (according to body weight).
Patients were followed for at least 6 months after completion of
therapy. Sustained virological responders (SVR; n = 31) were
defined as patients who tested negative for HCV RNA (using both
nested RT-PCR and real-time PCR) for at least 6 months after end of
treatment (ETR) to combined therapy. All other patients, who did
not show SVR, were considered non-responders (NR; n = 39).

Nested and real-time PCR of HCV

Disappearance of HCV viremia was confirmed by a variety of tests
including RT-PCR using nested primers derived from the highly
conserved HCV 5′UTR30,31 and real-time PCR. HCV RNA was
extracted using BIOZOL-total RNA extraction reagent kit (Hang-
zhou Bioer Technology, Hangzhou, China).

Hepatitis C virus quantification was performed using Fluores-
cence Quantitative Detection kit (Hangzhou Bioer Technology,
Hangzhou, China). HCV RNA was reverse transcribed and a spe-
cific fragment was amplified with specific primers in a one-step
RT-PCR reaction. The products were detected by using a specific
probe from Taqman-MGB Probes (Hangzhou Bioer Technology,
Hangzhou, China). The real-time PCR reaction was done accord-
ing to the manufacturer’s recommendations. All PCR tubes were
placed in the Real Time PCR Detection Instrument (Stratagene, La
Jolla, CA, USA).

Amplification of exon 7 SAS of human
OAS1gene

Extraction of DNA

Blood samples from all healthy controls and HCV-infected
patients undergoing IFN based treatment were collected. Genomic
DNA was extracted from the peripheral blood mononuclear cells
(PBMC) after digestion with proteinase K and subsequent salting
out of cellular proteins using sodium chloride followed by ethanol
precipitation and final storage at -20°C until required.32

Primer design and PCR conditions

A pair of primers that amplified the SNP region and provided
203 bp PCR fragments that cover exon 7 AG splice-acceptor sites

OAS1 as marker for HCV response to interferon MK El Awady et al.

844 Journal of Gastroenterology and Hepatology 26 (2011) 843–850

© 2011 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



was designed using Primer3 Input (http://www.embnet.sk/cgi-bin/
primer3_www.cgi). We optimized the PCR protocol and thermal
cycling program as follows: PCR amplification was carried out in
25 mL, containing 100–500 ng DNA, 2.5 mM MgCl2 (Promega,
Madison, WI, USA), 500 nM of each primer, 200 mM dNTP’s
(Promega), 1¥ PCR buffer (Promega), and 1U Go Taq DNA poly-
merase (Promega). Thermal cycling in an MJ Research cycler
included denaturation at 94°C for 5 min followed by 35 cycles
each of denaturation at 94°C for 30 s; annealing at 58°C for 30 s;
and extension at 72°C for 1 min. Cycling was followed by a final
extension step at 72°C for 10 min. Primer sequences were as
follows OAS1 5′-tgcaatgcaggaagactcc-3′ as a forward primer and
OAS2 5′-tgcaggtccagtcctcttct-3′ as a reverse primer.

Determination of exon7 SAS-SNP in human
OAS1 gene

A restriction fragment length polymorphism (RFLP) analysis was
constructed for detection of AG allelic nucleotides at exon 7 SAS
of the OAS1 gene. Using a theoretical restriction map program at
http://www.NEBcutter.com, we identified a restriction endonu-
clease, AluI, which recognizes the sequence of the SNP within the
exon 7 SAS. The 203-bp long PCR fragments from all subjects
were digested with Alu I (Promega). The AluI restriction digestion
was performed on 8 mL of the PCR product for at least 4 h in a total
volume of 20 mL with 5U of AluI according to the manufacturer’s
recommendations. Then, 10 mL of the digested products were run
on a 2% of agarose gel stained with ethidium bromide and
observed under UV transillumination.

Statistical analysis

Frequency of exon 7 SAS- SNP was compared in the control group
versus the chronic HCV patient group. Statistical differences
between groups were determined by c2 test. Independent predic-
tive factors associated with SVR to IFN treatment were studied
using stepwise multinomial logistic regression analysis. All statis-
tical analyses were performed using the SPSS 9.0 statistical soft-

ware program. The odds ratio (OR) and 95% confidence interval
(CI) were calculated to assess the relative risk confidence. A two
tailed P-value � 0.05 was considered statistically significant. Sta-
tistical analysis allowed us to determine the degree at which this
(SNP) can influence the outcome of HCV infection and response
to therapy.

Results

Cohort description

All subjects (patients and controls) were descendents of Egyptian
origin representing most of the governorates of the country. To
explore whether any of the clinical, pathological, biochemical or
virological parameters is associated with specific response pattern,
a comparison between SVR and NR was outlined in Table 1.
Among a total of 70 chronic HCV patients, the univariate analyses
of all factors showed that there were no significant differences
between both patient populations in age, sex, body mass index
(BMI) and viral loads. On the other hand alpha fetoprotein (AFP)
levels were significantly higher in NR than SVR patients
(P = 0.014). Also, lower stages of liver fibrosis (F0–F1) were
associated with a higher probability of achieving SVR
(P = 0.0001), whereas higher stages of hepatitis activity (A2–A3)
and fibrosis (F2–F4) were higher among the NR patient population
(Table 1). The hepatitis activity, which is the amount of inflamma-
tion (specifically, the intensity of necro-inflammatory lesions), is
graded on a 4-point scale from A0 to A3. A1 indicates mild activity
whereas A2–A3 indicate moderate to severe activity.

RFLP analysis of OAS1 at exon 7 SAS

The presence of AA genotype at the exon 7 SAS was indicated by
complete digestion of the 203 bp PCR product using AluI (AGCT)
into two fragments of 150 bp and 53 bp. While GG genotype was
indicated by absence of AluI site where A to G polymorphism
generated an indigestible sequence (GGCT) with a retained intact

Table 1 Laboratory findings in 70 chronic hepatitis C virus (HCV) 4a patients treated with peg interferon plus Ribavirin therapy

Sustained virological responders (SVR) (n = 31) Non-responders (NR) (n = 39)

Age (years) 37.7 � 9.9 41.51 � 18.87
Sex (female/male) 5/26 11/28
BMI (kg/m2) 34.17 � 4.45 31.1 � 6.73
Baseline alanine aminotransferase (IU/L) 34 � 23.8 45.9 � 32.5
Alpha fetoprotein level (ng/mL) 3.5 � 1.9 9.35 � 13.49
HCV RNA 3.97 ¥ 105 � 6.47 ¥ 105 4.77 ¥ 105 � 9.1 ¥ 105
level (copies/mL)
Histological stage

F(0–1) 26/31 5/39
F(2–4) 5/31 34/39
A(0–1) 25/31 21/39
A(2–4) 6/31 18/39

The univariate analysis of clinical and virological factors was compared in NR versus SVR patients. Data of this table showed that AFP levels were
significantly higher in NR patients than SVR patients (P = 0.014). Also, lower stages of liver fibrosis (F0–F1) were associated with a higher probability
of achieving sustained response (P = 0.0001).
P-value < 0.05 considered statistically significant.
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203 bp PCR fragment. In cases of heterozygosity (AG), three
fragments of 203 bp, 150 bp and 53 bp appeared on agarose gel
electrophoresis as shown in Figure 1.

Frequency of exon 7 SAS- SNP in human OAS1
gene in a pilot sample of Egyptian population

To explore whether the tested SNP represents a significant genetic
components of the Egyptian population, 50 non-infected subjects
(healthy controls) from both sexes were exposed to RFLP analysis
at the exon 7 SAS. To examine whether there is an allele associa-
tion with chronic HCV infection, we compared the frequency of
the tested SNP in both groups. The human OAS1 genotypes in the
control group were 52% GG, 38% GA and 10% AA. The results
indicated that G allele tends to be more frequent than A allele in
both control and infected populations. However, in controls, geno-
type GG is slightly higher than in chronic HCV patients (52% vs
45%) as shown in Figure 2.

Influence of different OAS1 genotypes on
response rates and liver fibrosis stages

The frequency of different OAS1 genotypes in SVR patients
showed a trend of having more G than A allele as 11% were AA,
37.9% were AG and 59.4% were GG (P = 0.007). The AA geno-
type was detected only in 11% of SVR versus 89% of NR patients
as shown in Figure 3. On the other hand, patients with AA and GA

genotypes had significantly higher fibrosis scores (88.9% and
62%) than those with GG (43.7%) genotype (P = 0.05) as shown
in Table 2.

Comparison of genotypes between SVR and
NR patients

To investigate whether the tested SNP does exist more frequently
in either the SVR or NR groups of patients, GG genotype was
detected in 32 patients, GA in 29 patients and AA in nine patients

203 bp

B A B A B A

OAS 1 different genotype
AA     GA    GG

150 bp

53 bp

Figure 1 Exon 7 splice acceptor site (SAS) single nucleotide polymor-
phism (SNP) analysis. Total genomic DNA was extracted, polymerase
chain reaction (PCR) amplified, digested with AluI enzyme and run on
2% agarose gel. At the exon 7 splice acceptor site, the presence of
homozygote (AA) was indicated by AluI digestion of the 203 bp PCR
product into two fragments of 150 bp and 53 bp. While homozygote
(GG) was indicated by absence of AluI site and retaining of the 203 bp
PCR fragment intact. If both alleles exist as in heterozygotes (GA), three
fragments of 203 bp, 150 bp and 53 bp appear. Lane B represents the
PCR product before digestion with Alu1, whereas lane A represents
PCR products after digestion with Alu1.
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Figure 2 Distribution of oligoadenylate synthetase 1 (OAS1) exon 7
splice-acceptor site (SAS) genotypes in Control and hepatitis C virus
(HCV) infected patients. Seventy chronic HCV patients and 50 healthy
controls were subjected to polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) analysis at the exon7 SAS of
OAS1 gene. OAS1 genotypes were compared in both HCV patient
(black) and control (white) groups. �, Control; , HCV patients.
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Figure 3 Effect of different oligoadenylate synthetase (OAS) geno-
types on the hepatitis C virus (HCV) response rate to IFN based therapy.
Chronic HCV patients received interferon (IFN) + ribavirin for 48 weeks
and followed for 24 weeks after end of treatment. Total genomic DNA
was extracted and analyzed for genotyping at exon7 SAS of OAS1 gene.
Frequency of AA (black), AG (white) and GG (hatched) were represented
in sustained virological responder (SVR) and non-responder (NR) groups.

, AA; �, AG; , GG.
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as shown in Table 3. The GG genotype was detected more in the
SVR group than in the NR group (61.29% vs 33.3%). Frequencies
of genotypes and alleles at exon 7 SAS were compared between
SVR and NR patients. Analyses of the allele pool in the studied
sample revealed that the number of A allele was 47 (nine patients
were AA and 29 patients were AG) whereas the number of G allele
was 93 (32 patients were GG and 29 patients were GA). The NR
patients had higher frequency of A allele (72.3%) as much as the
SVR (27.6%) patients (P = 0.003) as shown in Table 3.

Multivariate analysis of predictive factors for
interferon treatment among all HCV patients

The significance of several host factors in determining the
response to IFN therapy was investigated by stepwise logistic
regression analysis. Histological pattern (liver fibrosis and activ-
ity), different OAS genotypes at exon 7 SAS and AFP levels (less
than 5 ng/mL) independently and significantly influenced the
outcome of IFN therapy (Table 4). In order to study the effect of a
single factor after controlling for the effect of all other factors, a
stepwise logistic regression analysis was performed. HCV patients
with higher fibrosis stage (F2–F4) had a significantly higher risk of
no response than those with low fibrosis stage (F1), they had
23-fold more chance of no response (95% confidence 6.607 to
82.275, P = 0.0001). On the other hand, A allele at OAS 1 exon 7
SAS increased the risk of no response by 4.9-fold more than those
with G allele (95% confidence 1.365 to 8.214, P = 0.006).

Discussion
Individuals infected with HCV may exhibit a spectrum of possible
outcomes; some (15–25%) are able to clear the virus naturally,
whereas others 75–85% develop persistent infections. During the
chronic infection, some patients have minimal progression of
disease, whereas others develop severe liver disease such as
elevated transaminase levels, chronic hepatitis, steatosis, liver

fibrosis and cirrhosis.33 Both host and viral factors are thought to
influence HCV disease outcome and response to IFN treatment.
Since more than 93% of patients in Egypt are infected with HCV
genotype 434 it seemed more applicable to carry out the current
study on patients infected with genotype 4a who receive the pegy-
lated IFN + ribavirin at doses mentioned in the methods section.
Host genetic factors that affect the outcome of IFN treatment in
chronic hepatitis C have been investigated. Several SNPs in IFN-
inducible genes leading to altered gene expression or function
were found to be associated with divergent responses to IFN
treatment.28,35–37 Understanding which patients are likely to develop
persistent infection, progressive liver disease or not responding
significantly to interferon therapy would be of utmost importance in
disease control programs. In this study we showed that a specific
human mutation that results in reduced function in a known antiviral
gene OAS1 is associated with resistance to interferon therapy in
HCV infected patients. OAS1 codes for a component of the type I
interferon signaling system; its homolog in mice has been shown
previously to be important for flavivirus susceptibility.38 Our obser-
vations suggested that polymorphisms at exon 7 splice-acceptor site
in the OAS1 gene may be involved in determining the outcome of
HCV infection. Patients harboring GG genotype at this site tend to
achieve sustained response to interferon therapy (59.4%) suggest-
ing that the G allele conferred a better signaling towards viral
clearance. On the other hand, a clear association exists between
both allele A containing genotypes, that is GA and AA and resis-
tance to interferon therapy (62% and 89%, respectively). These
findings confirmed earlier reports that the G allele at this acceptor
site retained the splice site and was associated with a higher OAS
enzyme activity (P46), whereas the A allele (AA at acceptor site)
ablated the splice site and resulted in a larger molecular weight
protein with a lower OAS enzyme activity (P48).25,26 The role of
OAS enzyme activity in combating other viral infections has been
previously documented, a SNP in exon 3 of OAS1 was related to the
development of severe acute respiratory syndrome (SARS, a coro-
navirus infection).10 Recently, Lim et al.39 reported that individuals
carrying two copies of the hypofunctional variant of OAS1 were
found more frequently than expected among both asymptomatic
and symptomatic West Nile Virus (WNV) positive individuals and
further proved that OAS1 activity influences the probability of
WNV initial infection upon exposure in man.

To our knowledge, there are no previous reports on the effects
of different OAS1 genotypes at exon 7 splice acceptor site on
the response rate of HCV infected patients to combined
interferon + ribavirin therapy. Knapp et al.37 reported that different
genotypes at specific SNPs within the 3′UTR of OAS1 gene were
not associated with differential response to IFN therapy but more
likely were associated with persistent infection of patients. More-
over, Li et al.40 showed no relationship of a SNP in exon 3 of
OAS1 gene and IFN treatment response. Okuno et al., Solinas
et al. and Pawlotsky et al.41–43 hypothesized that OAS1 plays a
greater role in mediating self-limiting versus persistent HCV
infections as a component of the innate immune system and an
IFN stimulated gene than its role in exogenously administered IFN
treatment. The current data support this hypothesis, since the SNP
allele (AA or GA) of the OAS1 gene was slightly overrepresented
in HCV patients (13%, 42%) compared with the controls (9%,
38%, respectively). This finding indicates that OAS1 plays a role
in persistence of HCV infection.

Table 2 Effect of different oligoadenylate synthetase (OAS) genotypes
on response rate, liver activity and liver fibrosis

Factor OAS P-value*

AA AG GG
n = 9 n = 29 n = 32
n (%) n (%) n (%)

Fibrosis
F1 1 (11.1) 11 (37.9) 18 (56.3)
F2–F4 8 (88.9) 18 (62.1) 14 (43.7) 0.05

Activity
A1 4 (44.4) 19 (65.5) 24 (75.0)
A2–A3 5 (55.6) 10 (34.5) 8 (25.0) 0.220

HCV
Responders 1 (11.1) 11 (37.9) 19 (59.4)
Non responders 9 (88.9) 18 (62.1) 13 (40.6) 0.007

*P-values � 0.05 are considered significant.
The effect of OAS single nucleotide polymorphism (SNP) on liver fibro-
sis, liver activity and response rate to therapy was statistically analyzed.
HCV, hepatitis C virus.
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On the contrary, the splice-acceptor site specific SNP studied
here exhibits a deleterious effect on OAS1 enzyme activity and
hence is expected to dramatically influence the IFN mediated
signal transduction pathway. It was presumed that GA and AA
genotypes could negatively affect the suppressive function of OAS
of HCV replication, and may therefore be related to sustained
inflammation and progression of liver disease. This hypothesis was
supported by results of the present study in which the hepatic
fibrosis score was higher in AA and GA genotypes compared with
the GG genotype. Chronic HCV patients with positive A allele had
significantly higher fibrosis scores (� F2 metavir) than those
observed in patients without A allele (88.9% in AA and 62% in GA
vs 43.7% in GG, P = 0.05). Interestingly, fibrosis scores were
higher in OAS variants including allele A at exon 7 SAS in a gene
dose-dependent fashion; that is, the more A allele in OAS exon 7
SAS, the more F score in a patient’s liver. On the other hand there
was no significant association between different OAS genotypes
and liver activity (P = 0.22). This may be explained by the fact that
A allele encodes p48 with a weak ability to suppress HCV repli-
cation compared with OAS1 having G allele coding for the more
active enzyme p46.25 Thus, the presence here of A allele may lead
to a higher degree of necrosis, regeneration and ultimately higher
degree of fibrosis. These latter findings support the previous results
of Li et al.40 who found that the SNP of OAS-1 at exon 3 was
associated with disease progression in Japanese patients with HCV
infection. In general, the effects of different OAS genotypes on the
liver disease progression in HCV patients need to be further
studied.

There have been relatively few studies aimed at identifying the
human genetic differences that influence progression to chronic
viral infection and response to interferon.44 Recently, a SNP has
been identified located upstream of the IL28B gene that encodes
IFN-l3, which is strongly associated with the sustained virological
response to pegIFN and ribavirin in HCV-infected patients.45,46

Matsushita et al.35 showed an association between polymorphism
of the mannose-binding lectin gene and IFN responsiveness of
Japanese patients with chronic hepatitis C. Moreover, Hijikata
et al.36 showed that a SNP (G/T at nt -88) in the promoter region
of the MxA gene was associated with response to IFN in Japanese
HCV patients. It is possible that other host proteins with different
functions may also be associated, via diverse mechanisms, with
the response to IFN in chronic HCV patients. The present multi-
variate analysis results indicate that the OAS1 gene polymorphism
is not the only factor that influences the IFN-induced antiviral
activities of host cells against viral infection. However, multivari-
ate analysis showed that the SNP of OAS-1 at the exon 7 splice
acceptor site as independent and significant determinants of the
outcome of IFN therapy (odds ratio 4.913 [95% confidence inter-
val 1.365–8.2], P = 0.006). Taken together the present data and the
recent findings from our laboratory on the role of cytomegalovirus
(CMV) coinfection as well as the liver fibrosis score on the
outcome of viral response to IFN based therapy47 would be valu-
able components of a predictive mathematical model for selecting
ideal patient cohorts before starting the course of treatment.

In conclusion, the results of the present study may have clinical
and pathogenic implications and suggest that the SNP of OAS-1 at

Table 3 Statistical analyses of the oligoadenylate synthetase (OAS) gene exon 7 splice acceptor site (SAS) genotypes & alleles in non-responder
(NR) and sustained virological responder (SVR) patients

Non responders (NR = 39) Responders (SVR = 31) Odds ratio 95% confidence intervals P-value

AA (n = 9) 8 (20.51%) 1 (3.23%) 8.000 1.001–63.963 0.05
AG (n = 29) 18 (46.15%) 11 (35.48%) 1.636 0.773–3.465 0.198
GG (n = 32) 13 (33.33%) 19 (61.29%) 0.684 0.338–1.385 0.292
A (n = 47) 34 (72.34%) 13 (27.66%) 2.615 1.380–4.956 0.003
G (n = 93) 44 (47.31%) 49 (52.69%) 0.898 0.598–1.349 0.604

P-values > 0.05 = Not significant; P-values � 0.05 = Significant.
Frequencies of genotypes and alleles at exon 7 SAS were compared between SVR and NR patients (columns 1 and 2). Odds ratio, confidence
intervals and P-value were represented in columns 3, 4 and 5. Genotype AA represents the lowest frequency among the studied sample of patients
where it is mostly associated with NR (odds ratio = 8.00).
Data are expressed as number (%).

Table 4 Stepwise logistic regression for the effect of prognostic factors on the interferon response in hepatitis C virus (HCV) infected patients

Regression
coefficient

Standard
error

Odds
ratio

95% CI for odds ratio P-value

Lower Upper

Fibrosis (F0–F1 vs F2–F4) 3.149 0.643 23.314 6.607 82.275 0.0001
Activity (A0–A1 vs A2–A3 1.495 0.584 4.457 1.418 14.015 0.011
AFP (<5 ng/mL vs >5 ng/mL) 1.257 0.512 3.514 1.287 9.593 0.014
OAS Genotype (GG vs GA or AA) 1.053 0.403 4.867 1.301 8.320 0.009
OAS Alleles (A vs G) 1.069 0.387 4.913 1.365 8.214 0.006

P-values > 0.05 = Not significant; P-values � 0.05 = Significant.
Multivariate analyses of the different prognostic factors in both sustained virological responder (SVR) and non-responder (NR) patients including liver
fibrosis, liver activity, alpha fetoprotein (AFP), oligoadenylate synthetase (OAS) genotypes and OAS alleles. Data are expressed as number (%).
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the exon 7 splice acceptor site represents added value to the prom-
ising markers for prognosis of disease progression and prediction
of drug responses of those patients in clinical practice.
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