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Abstract

Introduction: Hepatitis C virus (HCV) commonly causes a chronic infection but few of patients are able to clear the virus naturally.
Interleukin-10 (IL-10) is an anti-inflammatory cytokine that can suppress the immune response against HCV. Interindividual variations in IL-
10 production are genetically contributed by polymorphisms within the IL-10 promoter region. This study aimed to investigate the
association of the IL-10 gene promoter —1082 G/A, —819 C/T, and -592 C/A polymorphisms with HCV infection susceptibility in Pakistani
individuals.

Methodology: Eighty-nine chronically infected patients and 99 controls were enrolled in the study. IL-10 (—1,082 G/A, —819 C/T, =592 C/A)
genotyping was performed by amplification refractory mutation system-polymerase chain reaction (ARMS-PCR).

Results: A suggestive evidence of association with hepatitis C was obtained for the IL-10 -819 C/T (-592 C/A) (p: 0.03) promoter
polymorphism at the allele level but not in genotype distribution. The IL-10 -1082 allele showed no association while positive association of
GG (p: 0.001) gene and negative association for GA (0.001) gene were observed. Higher frequencies were observed for GTA (p: 0.02), ACC
(p: 0.01) haplotype and GCC/GTA (p: 0.005) diplotype in HCV patients than controls while diplotype GCC/ATA showed protective effect
against HCV.

Conclusions: Our findings suggest that different IL-10 gene polymorphisms may lead to an imbalance between the pro-inflammatory and

anti-inflammatory cytokine responses which may in turn influence the susceptibility to HCV infection.
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Introduction

Hepatitis C virus is among the foremost causes of
liver diseases around the globe, inflicting around 180
million people [1]. As in the rest of the world, the
morbidity and mortality ratio in Pakistan for Hepatitis
C is very high. About 10 million cases of HCV have
been reported [2]. HCV induced chronic liver disease
is characterized by persistent liver inflammation
which in extreme cases progresses to liver cirrhosis
and hepatocellular carcinoma (HCC) [3]. A unique
and interesting statistic about this viral infection is
that, out of all the cases of HCV, 60-80% of patients
develop persistent chronic infection [4] while the
remaining 15% can naturally clear the virus from
their systems. This fact signifies that the host genetic
differences could be critical in determining the course
of HCV infection and that individual will respond
very differently against this virus [5]. Viral RNA can
be detected in serum in about 60%-80% of HCV

infected patients, suggesting persistent infection;
however, there is a large ratio of individuals who are
HCV antibody positive who have no sign of viral
RNA in their serum [6]. Even in a homologous
population, a diverse range of responses can be seen
against apparently related viruses. This fact shows
that it is not only the virus but the interaction
between the virus and the host immune system that is
important in determining the course of infection [7].
Various biochemical determinants of the human
body that affect HCV infection outcomes are not yet
fully understood [8]. However, there is increasing
evidence concerning the contribution of genetic
factors to imbalance the pro-inflammatory and pro-
inflammatory cytokine profile that might affect the
clinical outcome and disease severity of hepatitis C
[6]. Pro- and anti-inflammatory cytokine balance may
modulate the benefits of antiviral therapy, thereby
influencing the outcome of the disease, such as
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Table 1. Primers used in the study and their amplicon size
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Polymorphism/ Primer Sequence Product Size

Allele location (bp)
Generic Primer (antisense) 5’-cagtgccaactgagaatttgg-3’

-1082 Primer G (sense) 5’-ctactaaggcttctttgggag-3' 258
Primer A (sense) 5’-actactaaggcttctttgggaa-3’
Generic Primer(antisense) 5’-aggatgtgttccaggctect-3'

-819%/-592%* Primer C (sense) 5’-cccttgtacaggtgatgtaac-3' 233
Primer T (sense) 5’-acccttgtacaggtgatgtaat-3°

Internal Control Primer 1 5'-gecttcccaaccattcectta-3’ 429

(Human Growth Primer 2 5'-tcacggatttctgttgtgttte-3'

Hormone)

(*Polymorphism at -819 and -592 are in linkage disequilibrium with each other; i.e., allele C at -819 is always present when at position -592 is allele C and allele T is always

present when at position -592 is allele A)

contributing to the clearance of HCV after an acute
infection or to the development of rapidly progressive
liver disease [9].

Interleukin 10 (IL-10), a Th2 cytokine, is one of
the many cytokines that seems to play a vital role in
immune response that is generated against HCV. It
shifts the Th1/Th2 balance by down regulating the
Thl responses and by suppression of pro-
inflammatory cytokines, such as tumor necrosis
factor alpha (TNF o) and interferon gamma (IFN v)
secretion [10]. Studies have shown that cytokine gene
polymorphism plays an important role in the natural
clearance of HCV. Most of these polymorphisms are
in the cytokine gene regulatory regions and are
consequently involved directly in controlling the
transcription rates of these genes [11]. There is strong
evidence of genetic contribution to IL-10 production
in viral clearance [12]. IL-10 possesses a highly
polymorphic promoter with variations at -1082, -819
and -592 that have been extensively studied and
implicated in altering the rates of IL-10 gene
transcription. The -1082G, -819C and -592C (GCC)
alleles have been associated with elevated levels of
IL-10 production [13] while ACC and ATA
haplotypes exhibit intermediate and low IL-10 gene
transcription respectively [14]. We have investigated
the above-mentioned three single nucleotide
polymorphisms (SNP) of the IL-10 promoter in the
Pakistani population to determine if they play any
role in the incidence of HCV infection in Pakistan.

Methodology
Patients and controls

To determine the association between IL-10
promoter polymorphisms and HCV infection, blood
samples were collected from 100 ELISA positive
hepatitis C patients from the NUST Center of
Virology and Immunology (NCVI) Diagnostic Lab,

Rawalpindi, and stored in EDTA-coated tubes until
used. All the samples were subjected to polymerase
chain reaction (PCR) to confirm HCV infection. Out
of the 100 samples obtained, 89 were PCR positive
and 11 were PCR negative. Only the 89 patients who
tested PCR positive were included for further study
(mean age = SD: 40.2 £ 14.3 yr). Among these
patients 58 were males (mean age + SD: 43.4 + 14.5
yr) and 31 were females (mean age + SD: 35.7 + 16.8
yr). The control group consisted of 99 healthy
subjects (mean age + SD: 38.4 £ 13.8 yr), none of
whom had any history of hepatitis C infection. There
were60 males (mean age + SD: 40. 9 + 12.3 yr) and
39 females (mean age = SD: 32.0 = 15.1 yr) in the
healthy group. Patient and control populations were
of the same ethnicity and from the same geographical
arca. The study was approved by the Ethical
Committee of NCVI, Islamabad, Pakistan, and
written consent was obtained from each participant.

DNA extraction

Genomic DNA from venous blood samples of
both patients and healthy control subjects were
extracted using a genomic DNA extraction kit
(Puregene Blood Kit, Gentra, Valencia, USA)
according to the manufacturer’s protocol. DNA
quantification was done using an Eppendorf Bio
Photometer (New York, USA). DNA was stored at -
20° C.

Genetic analysis

The amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR) method was
used for IL-10 promoter polymorphism genotyping
as described by Perrey et al. [15]. For each
polymorphism, two separate reactions were
performed, each of which contained one of the two
alleles specific for forward primers and a generic
anti-sense primer (Table 1). PCR amplification was
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Table 2. Relationship between IL-10 Polymorphic Genes, Alleles and HCV
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IL-10 locus Control Frequency | Patients Frequency P value
m=99 | m=89) | (%)

-1082 G/A

G/G (high) 3 3.03 15 16.9 0.001

G/A (Intermediate) 92 92.93 67 75.2 0.001

A/A (Low) 4 4.04 7 7.9 NS

Allele Frequency

G (High) 98 49.49 97 54.5 NS

A (Low) 100 50.51 81 45.5

819C/T (592C/A)

T/T (A/A) 15 15.15 16 18 NS

C/T (C/A) 81 81.82 66 74.1 NS

C/C (C/C) 3 3.03 7 7.9 NS

Allele frequency

T(A) 111 56.06 80 44.9 0.031

C(O) 87 43.94 98 55.1

performed in a 20 pl reaction volume containing 40
ng genomic DNA, 1.5 mM dNTPs, 25 mM MgCl,, 1
pl of 10 pmol each primer and 0.4 units of Taq
polymerase (Fermentas, Maryland, USA) in 1X
Reaction Buffer with cycling conditions as follows:
95°C for 3 minutes, followed by 35 cycles at 95°C
for 45 seconds, 58°C for 40 seconds, 72°C for 1
minute and finally a 7 minute extension at 72°C. To
ensure PCR success, an internal control region was
amplified from the human growth hormone (Details
of primers and amplicon are shown in table 1). The
amplified products were analyzed on 2% agarose gel.

Statistical analysis

Statistical analysis was performed by Study
Result Software Version 1.0.4 (CreoStat HB
Frolunda, Sweden). The distribution of cytokine gene
polymorphisms between HCV patients and healthy
controls were compared by the Fischer’s exact test or
v’. P-values smaller than 0.05 were considered
significant.

Results

We found a higher frequency of GG genotype at
IL-10-1082 in HCV patients than in the healthy
controls (17% versus 3%). Thus a significant
susceptible association was found between HCV and
the —1082 GG genotype (P = 0.001), whereas IL-10-
1082 genotype GA was more common in controls
than in HCV patients (93% versus 75%) suggesting a
possible association with the protection to HCV
infection (P = 0.001). It looks as though the IL-10-
1082 AA genotype occurs more frequently in patients
than in controls but the difference was not

statistically significant. The distribution pattern of -
819 TT and CT polymorphic genotypes was not
significantly different between the two study groups.
The -819 CC genotype was more prevalent in
patients as compared to the healthy group, but like
IL-10-1082 AA, the difference was not statistically
significant (—819 and -592 are in linkage
disequilibrium; Table II). Our results suggest a lack
of association of IL-10-1082 G and A alleles with
HCV, but a significantly different distribution (P =
0.031) of =819 C and T allele polymorphism (=819
and —592 are in linkage disequilibrium) was observed
between the two groups (Table II).

In this study, GTA and ACC haplotypes of IL-10
were more prevalent in HCV infected individuals
than in the normal controls (9% versus 17% and 2%
versus 7.3% respectively). Thus a significant positive
association was found between HCV and the GTA
and ACC haplotypes (P = 0.024 and 0.014
respectively). In the diplotypes (Haplotype Zygosity)
distribution, the frequency of the GCC/GTA
diplotypes was higher in the HCV patients when
compared with the healthy controls (2% versus 12.4
%), and significant difference was observed between
HCV and controls (P = 0.005). The GCC/ATA
diplotypes were lower in HCV patients as compared
to those in the healthy controls (76% versus 55%)
and a significant difference (P = 0.003) was observed
(Table 3). There was no significant association found
in GTA/GTA, GCC/ACC, ACC/ATA diplotypes in
controls and individuals with HCV. The results of the
current study show an absence of GCC/GCC,
GTA/ACC, ACC/ACC and ATA/ATA haplotypes in
our local Pakistani population (Table 3).
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Table 3. Relationship between IL-10 Haplotypes, Diplotypes and HCV

IL-10 locus Control Frequency (%) Patients Frequency (%) P value
(n=99) n=289)
Haplotypes
GCC 83 41.92 67 37.6 NS
(high)
GTA 18 9.09 30 16.9 0.02
(high)
ACC (intermediate) 4 2.02 13 7.3 0.01
ATA 93 46.97 68 382 NS
(low)
Diplotypes
GCC/GCC (high) - - - - -
GCC/GTA (high) 2 2.02 11 12.4 0.005
GTA/GTA (high) 1 1.01 4 4.5 NS
GCC/ACC 3 3.03 7 7.9 NS
(intermediate)
GCC/ATA 75 75.76 49 55.1 0.003
(intermediate)
GTA/ACC - - - - -
(intermediate)
GTA/ATA 14 14.14 12.4 NS
(intermediate) 11
ACC/ACC (low) - ; - : -
ACC/ATA (low) 4 4.04 6 6.7 NS
ATA/ATA (low) - - 1 1.1 NS
Discussion be genetically controlled [14]. Therefore, being a key

Generally, HCV infected individuals suffer from
chronic liver disease with different severity, ranging
minimally from hepatocytic lesions to conditions as
severe as liver cirrhosis and hepatocellular carcinoma
(HCC) [16]. Mounting evidence, however, suggests
the crucial role of host immune responses and host
genetic background in HCV infection pathogenesis
and inter-individual heterogeneity of the disease
outcome [6]. Cytokine production varies among
individuals and this disparity is associated with
certain SNPs in the coding as well as the regulatory
regions of individual cytokine genes [17]. The
cytokine IL-10, which is produced by monocytes and
lymphocytes 18], plays a significant role in HCV
pathogenesis [19], and its expression is thought to

player in the differential expression of this cytokine,
IL-10 polymorphism determination may be crucial
for predicting the probability of disease occurrence
and disease progression. In this study, we have
investigated the significance of IL-10 gene promoter
polymorphism at 1082 G/A, 819 C/T and -592 C/A
(592 C/A is in linkage disequilibrium with 819 C/T
[15] and the susceptibility of HCV in Pakistani
population.

In different studies around the world, analysis of
IL-10 polymorphism and its association with HCV
susceptibility has produced ambiguous results
[6,20,21,22,23,24]. We found no significant
association between IL-10 alleles (1082 A/G, -819
C/T, and -592 A/C), and HCV infection, but -819 C
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was more prevalent in HCV infected people as
compared to the healthy control individuals in our
investigation (Table 2). However, further analysis of
genotypes has shown that individuals with -7/082GG
(homozygous G allele) are more susceptible to HCV
infection as compared to -1082 GA genotype
(heterozygous). This observation was also noted in
another study conducted by Reuses ef al. which
demonstrated that the IL-10-1082 GG allele produces
higher levels of this cytokine which may compromise
the cellular immune response to the virus [11].
Previous investigations have shown that 1L-10 -1082
AG polymorphism was associated with higher HCV
infection rates in the USA [20], but not in the Japan
[21], Tunisia [6], Italy [22], China [23] and the
Caucasian population [24]. In accordance with our
results, the 1082 GA genotype was shown to be
significantly higher in healthy subjects from China
[23] and from Italy [25].

Investigation of IL-10-819C/T polymorphism
and its association with HCV susceptibility has led us
to the same conclusions as those reported by Dogra
Gaurav and Chakravarti Anita (2009) from India
[11]. Previous reports regarding IL-10 polymorphism
association with HCV, which were based on
comparison of persistence of HCV infection and
individuals who self-cleared HCV, showed that IL-
10-1082 GG was associated with persistent infection
in African-American [5] and Caucasian [26] patients,
while European-American [5] and Japanese [27]
patients showed no such association. In our results,
IL-10-592 A and IL-10-1082 GA were high in the
control group. Similarly, another study showed that
IL-10-592 A and IL-10 -1082 GA were high in self-
limiting recovered HCV patients in a Caucasian
population [26].

Significant variations were observed in IL-10
haplotypes GTA and ACC between patients and
controls. When we analyzed the diplotypes,
individuals with IL-10/GCC: GTA diplotype were
genetically predisposed to develop HCV. IL-10/
GTA: ATA diplotype were more common in controls
than in patients so individuals with this genetic
makeup are less likely to develop HCV. Previous
investigations have shown that /L-10/GCC: GCC or
haplotypes having the G allele correlate with higher
levels of IL-10 production after stimulation, which
leads to the suppression of IFN-a and hence favors
the development of HCV [14,28]. Contradictory to
our results, IL-10 haplotypes and diplotypes were not
distributed differently between healthy controls and
HCYV cases in different reports from Japan, Caucasian
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and Italy, the results may be differ due to different
ethnicity of studied populations [24,26,27,29,30].

There are two previous reports from Pakistan
regarding IL-10 polymorphism as a marker in HCV
infection, [31,32]. These studies consisted of a small
number of patients (51 and 40 respectively) and did
not include healthy controls. Analogous to our
results, the frequency of IL-10-1082 G/A and -819
C/T heterozygous genotypes was the highest among
HCV patients. In the investigation by Abbas and
Moatter [31] regarding the effect of cytokine gene
polymorphism on the histological activity index in
HCV infected individuals, patients with the
homozygous G allele at IL-10-1082 were seen to be
more prone to necro-inflammatory activity while
patients with 1L-10-819 TT were associated with a
less severe form of liver fibrosis. According to our
results, IL-10-1082 GG individuals were also more
susceptible to disease while IL-10-819 TT prevalence
was the same in both the diseased group and in
healthy subjects.

Conflicting results between polymorphism
association studies can be a reflection of one or
several factors, such as sample size differences,
subjects” selection for the study, genetic
heterogeneity of various populations, and different
gene-gene or gene-environment interactions. An
alternative explanation for the discrepancies in results
could be the consequence of different cultural
backgrounds. As reported by Reuss et al., smoking
and a decreasing body mass index appear to decrease
IL-10 production [12].

In summary, while some of our results are in
agreement with those of earlier publications, other
observations from our study are contrary to previous
findings on IL-10 promoter polymorphism and HCV
infection in other populations. It is difficult to
ascertain the magnitude of the effect of genetic
polymorphisms on disease susceptibility or protection
because of the existence of IL-10 homologues and
different IL-10 binding receptors [33] which likely
complicate the determination of levels of IL-10
expression in vitro. These interactions could affect
the  correlation  between IL-10  promoter
polymorphisms and the outcome of HCV infection.
Further research on the functional implications of IL-
10, specifically in relation to the immune response to
HCV, is clearly warranted.

It could be concluded that SNPs in IL-10 may
contribute to the susceptibility of HCV in the
Pakistani population. Our results from this genetic
polymorphism analysis study on IL-10 promoters
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indicated that the distribution pattern of IL-10
polymorphism was significantly different between
the control group and HCV patients. However, at
present, these markers are of little clinical importance
due to the small number of samples. Since this study
is preliminary and based on a small sample size, we
believe that our findings may stimulate further
investigations on a larger scale to assess the
association of these polymorphisms in HCV infected
patients.

References

1.

2.

10.

11.

12.

13.

Wands JR (2004) Prevention of hepatocellular carcinoma. N
Engl J Med 351: 1567-1570.

Waheed Y, Shafi T, Safi SZ, Qadri I (2009) Hepatitis C
virus in Pakistan: A systematic review of prevalence,
genotypes and risk factors. World J Gastroenterol 15: 5647-
5653.

Minton EJ, Smillie D, Smith P, Shipley S, McKendrick
MW, Gleeson DC, Underwood JC, Cannings C, Wilson AG
(2005) Clearance of hepatitis C virus is not associated with
single nucleotide polymorphisms in the IL-1, -6, or -10
genes. Hum Immunol 66: 127-132.

Rehermann B and Nascimbeni M (2005) Immunology of
hepatitis b virus and hepatitis ¢ virus infection. Nat Rev 5:
215-229.

Oleksyk TK, Thio CL, Truelove AL, Goedert JJ, Donfield
SM, Kirk GD, Thomas DL, O'Brien SJ, Smith MW (2005)
Single nucleotide polymorphisms and haplotypes in the IL-
10 region associated with HCV clearance. Genes Immun 6:
347-357.

Bouzgarrou N, Hassen E, Farhat K, Bahri O, Gabbouj S,
Maamouri N, Ben Mami N, Saffar H, Trabelsi A, Triki H,
Chouchane L (2009) Combined analysis of interferon-y and
interleukin-10 gene polymorphisms and chronic hepatitis C
severity. Hum Immunol 70: 230-236.

Rehermann B (2000) Interaction between the hepatitis C
virus and the immune system. Semin Liver Dis 20: 127-141.
Kakizaki S, Takagi H, Yamazaki Y , Sohara N , Sato K,
Nagamine T , Masatomo M (2006) Different outcomes of
nosocomial infection with hepatitis C virus from the same
origin. World J Gastroenterol 12: 659-661.

Ollier WE (2004) Cytokine genes and disease susceptibility.
Cytokine 28: 174-178.

Thio C (2008) Host Genetic Factors and Antiviral Immune
Responses to HCV. Clin Liver Dis 12: 713-726.

Gaurav D and Anita C (2009) To determine the
polymorphism of tumor necrosis factor-alpha and
interleukin-10 genes in chronic hepatitis C patients. Indian
Journal of Virology 20:1. Print ISSN: 0970-2822. Online
ISSN: 0974-0120.

Reuss E, Fimmers R, Kruger A, Becker C, Rittner C, Hohler
T (2002) Differential regulation of interleukin-10 production
by genetic and environmental factors: a twin study. Genes
Immun 3: 407-413.

Koss K, Satsangi J, Fanning GC, Welsh KI, Jewell DP
(2000) Cytokine (TNF alpha, LT alpha and IL-10)
polymorphisms in inflammatory bowel diseases and normal
controls: differential effects on production and allele
frequencies. Genes Immun 1: 185-190.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J Infect Dev Ctries 2011; 5(6):473-479.

Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott
PJ, Hutchinson IV (1997) An investigation of polymorphism
in the interleukin-10 gene promoter. Eur J Immunogenet
24:1-8.

Perrey C, Turner ST, Pravica V, Howell WM, Hutchinson
IV (1998) ARMS-PCR methodologies to determine IL-10,
TNF.a, TNF-B and TGF-B1 gene polymohlsms. Transplant
Immunology 7: 127-128.

Persico M, De Renzo A, Persico E, Torella D, Rotoli B,
Torella R (1998) Chronic liver disease and
lymphoproliferative disorders in HCV-positive patients: a
working hypothesis. J Hepatol 29: 857-859.

Ollier WE (2004) Cytokine genes and disease susceptibility.
Cytokine 28: 174-178.

Hohler T, Reuss E, Freitag CM, Schneider PM (2005) A
functional polymorphism in the IL-10 promoter influences
the response after vaccination with HBsAg and hepatitis A.
Hepatology 42: 72-76.

Yee LJ, Tang J, Gibson AW, Kimberly R, Van Leeuwen DJ,
Kaslow RA (2001) Interleukin 10 polymorphisms as
predictors of sustained response in antiviral therapy for
chronic hepatitis C infection. Hepatology 33: 708-712.
Vidigal PG, Germer JJ, Zein NN (2002) Polymorphisms in
the interleukin-10, tumor necrosis factor-alpha, and
transforming growth factor-betal genes in chronic hepatitis
C patients treated with interferon and ribavirin. J Hepatol
36:271-277.

Abe H, Aizawa Y, Takahashi H, Amano K, Zeniya M
(2003) Single Nucleotide Polymorphisms in the Interleukin-
10 Gene Promoter and Clinical Outcome of Chronic
Hepatitis C Virus Infection. Jikeikai Med J 50: 159-166.
Persico M, Capasso M, Persico E, Masarone M, De Renzo
A, Spano D, Savino Bruno, Iolascon A (2006) Interleukin-
10—-1082 GG polymorphism influences the occurrence and
the clinical characteristics of hepatitis C virus infection. J
Hepatol 45: 779-785.

Gao QJ, Liu DW, Zhang SY, Jia M, Wang LM, Wu LH,
Wang SY, Tong LX (2009) Polymorphisms of some
cytokines and chronic hepatitis B and C virus infection.
World J Gastroenterol 15 (44): 5610-5619.

Constantini PK, Wawrzynowicz-Syczewska M, Clare M,
Boron-Kaczmarska A, McFarlane IG, Cramp ME,
Donaldson PT (2002) Interleukin-1, interleukin-10 and
tumour necrosis factor-alpha gene polymorphisms in
hepatitis C virus infection: an investigation of the
relationships with spontaneous viral clearance and response
to alpha-interferon therapy. Liver 22: 404-412.

Lio D, Caruso C, Di Stefano R, Colonna Romano G, Ferraro
D, Scola L, Crivello A, Licata A, Valenza LM, Candore G,
Craxi A, Almasio PL (2003) IL-10 and TNF- a
Polymorphisms and the Recovery From HCV Infection.
Hum Immunol 64: 674-680.

Knapp S, Hennig BJ, Frodsham AJ, Zhang L, Hellier S,
Wright M, Goldin R, Hill AV, Thomas HC, Thursz MR
(2003) Interleukin-10 promoter polymorphisms and the
outcome of hepatitis C virus infection. Immunogenetics
55:362-3609.

Kusumoto K, Uto H, Hayashi K, Takahama Y, Nakao H,
Suruki R, Stuver SO, Ido A, Tsubouchi H (2006)
Interleukin-10 or tumor necrosis factor-a polymorphisms
and the natural course of hepatitis C virus infection in a
hyperendemic area of Japan. Cytokine 34: 24-31.

Tso HW, Ip WK, Chong WP, Tam CM, Chiang AKS, Lau
YL (2005) Association of interferon gamma and interleukin

478


http://www.sciencedirect.com/science/journal/01988859
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234942%232005%23999339997%23564543%23FLA%23&_cdi=4942&_pubType=J&view=c&_auth=y&_acct=C000060480&_version=1&_urlVersion=0&_userid=5673931&md5=f12ac070f60db1edb320e19bb9178407
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oleksyk%20TK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thio%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Truelove%20AL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goedert%20JJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Donfield%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Donfield%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirk%20GD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234942%232009%23999299995%231007117%23FLA%23&_cdi=4942&_pubType=J&view=c&_auth=y&_acct=C000060480&_version=1&_urlVersion=0&_userid=5673931&md5=d4131a30dabee956d4888812297ce6bb
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vidigal%20PG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Germer%20JJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zein%20NN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.sciencedirect.com/science/journal/01688278
http://www.sciencedirect.com/science/journal/01688278
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236623%232006%23999549993%23636221%23FLA%23&_cdi=6623&_pubType=J&view=c&_auth=y&_acct=C000060480&_version=1&_urlVersion=0&_userid=5673931&md5=b32996aa4eeac13f4b79b113e41b4cd8
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Constantini%20PK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wawrzynowicz-Syczewska%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Clare%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boron-Kaczmarska%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McFarlane%20IG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cramp%20ME%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Donaldson%20PT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Liver.');
http://www.sciencedirect.com/science/journal/10434666
http://www.sciencedirect.com/science/journal/10434666

Af7zal et al. — IL-10 Polymorphism and HCV Susceptibility J Infect Dev Ctries 2011; 5(6):473-479.

10 genes with tuberculosis in Hong Kong Chinese. Genes hepatitis C genotype 3. World J Gastroenterol 11: 6656-
Immun 6: 358-363. 6661.

29. Shin HD, Park BL, Kim LH, Jung JH, Kim JY, Yoon JH, 33. Fickenscher H, Hor S, Kupers H, Knappe A, Wittmann S,
Kim YJ, Lee H (2003) Interleukin 10 haplotype associated Sticht H (2002) The interleukin-10 family of cytokines.

30.

with increased risk of hepatocellular carcinoma. Hum Mol
Genet 12: 901-906.

Mangia A, Santoro R, Piattelli M, Pazienza V, Grifa G,
lacobellis A, Andriulli A (2004) IL-10 haplotypes as
possible predictors of spontaneous clearance of HCV
infection. Cytokine 25: 103-109.

Trends Immunol 23: 89-96.

Corresponding author

Muhammad Sohail Afzal

NUST Center of Virology and Immunology

National University of Science and Technology, Sec H-12

31. Abbas Z and Moatter T (2003) Interleukin (IL) 1 beta and Islamabad. Pakistan
IL-10 gene polymorphism in chronic hepatitis C patients Telephone" 492-51-90856144
with normal or elevated alanine aminotransferase levels. J Fax- +92_5' 1-90856144
Pak Med Assoc 53: 59-62. " . . .
Email: sohail. L
32. Abbas Z, Moatter T, Hussainy A, Jafri W (2005) Effect of mail: sohail.nevi@gmail.com

cytokine gene polymorphism on histological activity index,
viral load and response to treatment in patients with chronic

Conflict of interests: No conflict of interests is declared.

479


http://www.pakmedinet.com/author/Abbas+Z
http://www.pakmedinet.com/author/Moatter+T

