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Background & objectives: Hepatitis C virus (HCV) induces an immune response of the host, manifested
by the formation of anti-HCV antibodies mediated by adaptive and innate immunity. Toll-like receptors
(TLRs) play a pivotal role in innate immunity system. This study was aimed to investigate the promoter
region polymorphism and expression of 7LR3 gene in patients with chronic HCV infection.

Methods: Patients with chronic HCV infection (N=180) and an equal number of age-sex matched
controls were included in the study. Patients positive for HCV-RNA were subjected to analysis of TLR3
polymorphism by direct sequencing of PCR products verified by comparing with the sequences reported
in the National Centre for Biotechnology Information (NCBI) database (accession number: NT 022792).
Expression of TLR3 gene was analyzed by semiquantitative RT-PCR using housekeeping B-actin gene as
the internal control.

Results: Polymorphisms at position -288G/A and -705A/G were identified. The results were significant in
-705 allele (P=0.004) OR 2.79(1.46-5.42) and were associated with high risk of HCV infection. In silico
sequence analysis showed the presence of ectropic viral integration site 1 encoded factor, in which G
at -705 results in the loss of this site. The -7C/A polymorphism was not seen in our study cohort. The
expression of TLR3 was upregulated in chronic HCV patients compared to healthy controls.

Interpretation & conclusions: Polymorphism in the -705A/G allele at the promoter region of the TLR3
gene may predispose individual to HCV infection. However association of TLR3 expression with
polymorphism of TLR3 promoter was not found.
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More than 210 million people are affected per
year by hepatitis C virus (HCV) worldwide and has
been recognized as a major cause of chronic hepatitis,
endstage cirrhosis and hepatocellular carcinoma'.
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HCYV is known for extraordinary variability manifested
by constant alterations of its phenotype and the
formation of so-called quasispecies?, this genetic
heterogeneity allows HCV to escape immune pressure
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and to establish chronic infection. It results in the lack
of efficient vaccine against this RNA virus in spite of
great efforts of several laboratories worldwide®. Virus
induces an immune response of the host manifested
by the formation of anti-HCV antibodies and specific
cell-mediated immunity. The cell mediated immunity,
can be broadly categorized into adaptive and innate
immunity. Adaptive immunity is mediated by clonally
restricted T and B lymphocytes, which is characterized
by features of immunological specificity and memory*.
In contrast, innate immunity, being phylogenetically
older, is not able to recognize antigens in a specific
way, but possesses restricted ability to distinguish ‘self
from not self”. The discovery of the importance of the
toll-like receptors in host defense against pathogens has
led to an increasing interest in innate immunity®. Cells
sense viral infection by detecting viral proteins® and/
or nucleic acid, the double stranded RNA (dsRNA), a
byproduct of the replicative cycle of many RNA virus
in particular®. Viral proteins and dsSRNA are recognized
through receptors such as the evolutionary conserved
toll-like receptors (TLR)". Of the 10 TLRs identified in
human, TLR-3 has been identified to respond to dsSRNA
a molecular signature of viruses® that activates nuclear
factor-kB (NF-kB) and the interferon- B (IFN-B)
promoter’.

A role for TLR3 in viral infection has been
suggested based on the demonstration that TLR3
knockout mice were unable to mount a full response
to measles virus (MV) infection'®. Genetic variations
in the TLRs have been correlated with susceptibility to
various disease including sepsis or malignancies'"'* and
to vaccination efficiency'. To date, there have been no
reports of studies on 7LR3 polymorphism in subjects
with chronic HCV infection from Indian population.
Since host genetic factor with respect to the 7LR3
polymorphism and susceptibility to viral infections
showed that ethnic diversity may in part reflect the
ethnic diversity of host viral susceptibility, population-
based association studies are useful for examining
genes with a role in common multifactorial diseases
that have a strong environment component'®,

The aim of'the study was to assess genetic variations
of the promoter region of TLR3 gene and it expression
in chronic HCV infection in patients from northern and
north-eastern part of India.

Material & Methods

Subject: A total of 180 patients with chronic HCV
(CHC) infection were included in the study between

2005 and 2009 with prior written informed consent.
An equal number of age- and sex- matched healthy
controls (voluntary blood donors) who had no history
of hepatitis, hepatobiliary diseases, negative for anti-
HCV and autoimmune hepatitis as well as HCV RNA
were also included in the study. The sample size has
been estimated assuming prevalence rate of 10 per cent
in the study population with a 5 per cent precision and
chance level of 5 and 90 per cent power level using
Raosoft® (www.raosoft.com). This figure is higher
than the prevalence rate of HCV infection among
the Indian population of 1.8-2.5 per cent!”""°. Patients
positive for other hepatotropic virus were not included
in the study. Patients attending the medicine out-
patient department of Lok Nayak Hospital, New Delhi
during the study period were selected consecutively,
on the basis of clinical investigation, positive for anti-
HCV using 3" generation ELISA kit confirmed by
HCV RNA positivity and received liver biopsies. Liver
histology was assessed for scoring the disease activity
grade quantitatively in chronic hepatitis patients with
prior consent according to the modified version of
the Knodell histological activity index (HAI)*. HCV
genotyping was done as describe earlier?'. Patients
who were positive for other hepatotropic virus, HIV,
autoimmune hepatitis, alcoholic and drug abuse were
excluded. The study was approved by the institutional
ethical committee of Maulana Azad Medical College,
New Delhi.

TLR3 polymorphism analysis: Genomic DNA was
extracted from whole blood standard Proteinase-K
digestion and phenol/ chloroform extraction procedure
as described earlier”. Promoter region polymorphism
of TLR3 was analysed by direct sequencing of PCR
products using forward and reverse primer and the
variants were verified by comparing with the sequences
reported in the National Centre for Biotechnology
Information (NCBI) database (gene designed using
Primer 3 software version 0.40% bank accession
number: NT 022792) from -811 spanning to exon I
using two overlapping pairs of primers designed using
Primer 3 software version 0.40°. The forward primer
PTLR3FWD1 5’CCATGTTTGGCTCTTTCTC 3’
(19 mer) and the reverse primer PTLR3REVI 5’
TTGGATGACTGCTAGCCTTCC 3’ (21-mer) cover a
region from -493 to 94 of exon I [as per Human Genome
Organization (HUGO) nomenclature] generating an
amplicon of 586 bp. The second pair of overlapping
primers used was forward primer PTLR3FWD2
5’GCAAACCACTCACCTCCCTA 3’ (20-mer) and
PTLR3REV2 5 CTCATGCGAAGCTGTCAGAA 3°
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to amplify a 516 bp product in the promoter region.
Polymerase chain reaction (PCR) was performed in a
total volume of 25 pl containing 50 ng genomic DNA,
1x Buffer (10 mM Tris, pH 9.0 50mM KCl and 0.01%
gelatin), 200uM dNTPs, 10 pmole of each primer
(PTLR3FWDI and PTLR3REV1), ImM MgCI2 and
0.2U of Taq DNA Polymerase (New England Biolab,
England). Following the initial denaturation step (95°C
for 5 min), samples were subjected to 30 cycles of
PCR consisting of 94°C for 1 min, 65 °C for 30 sec;
and 72°C for 1 min, followed by a final extension for
10 min at 72°C. The second PCR reaction was carried
out with the same master mix concentration using 10
pmol of primer (PTLR3FWD2 and PTLR3REV2) and
annealing temperature 55 °C for 30 sec. PCR-RFLP
analysis for the polymorphic site rs3775296 (exon 2,
UTR SNP) was done as described earlier* followed
by sequencing of random samples to confirm them by
forward and reverse primer.

In silico analysis of TLR3 promoter region: In silico
sequence analysis for DNA-binding domain of the
studied promoter region was done using the software
MATINSPECTOR  v2.2  (genomatix, = Munich,
Germany; http.//transfac.gbf.de).

Sequencing: The cycle sequencing of the amplicon
(PCR products) of the promoter region was carried out
using ABI Prism Big Dye terminator Cycle sequencing
system (PE Applied Biosystem, USA). Variations in
the amplified regions were screened with multiple
alignments of the sequences based on clustal X output
(Rosalind Franklin Centre for genomics Research;
http://www.hgmp.mcc.ac.uk).

Total RNA extraction: Total RNA was isolated from
peripheral blood mononuclear cells (PBMC) obtained
from sixty randomly selected CHC patients and thirty
healthy controls (serologically negative for HCV,
HBV and HIV antibodies). PBMC were isolated
using standard Ficoll-Paque (Amersham Biosciences
AB, Uppsala, Sweden) separation in which 1 to 2 x
10°PBMCs were used for total RNA extraction using
the RNAeasy mini kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions.

Semi-quantitative reverse transcriptase—polymérase
chainréaction (RT-PCR): Expressionof TLR3 geneatthe
transcriptional level was analyzed by semi-quantative
RT-PCR using housekeeping B-actin gene as the
internal control. Total RNA 1ug was used to synthesize
cDNA with 0.1 OD of Random hexamer (Fermentas,
Lithuania) and 100U of Moloney Murine Leukemia

Virus (M-MuLV, MMLV) Reverse Transcriptase
(New England Biolabs, England) at 42°C for 60 min.
The TLR3 primer specific for exon-exon boundary
used was forward 5’TCTGGAAAGGCGCAACC.3’
and reverse 5’CCGTTGGACTCTAATTCAAGAT
3’ to amplify a 276 bp amplicon. Primer specific for
B-actin gene used as internal control was forward
5> GAAGGATTCCTATGTGGGCG 3’ and reverse
5" TGGTGGTAAAGCTGTAC 3’ to amplify a 465
bp amplicon. The PCR conditions were as follows:
denaturation at 94°C for 30 sec, annealing at 55°C for 30
sec, and extension at 72°C for 30 sec. The PCR buffer
contained 10mM Tris HCI (pH 10), 2.0 mM MgCl,
and 50 mM KCl with 0.3U Taq polymerase. After 30
cycles an addition extension at 72°C for 10 min was
performed. The amplified products were then subjected
to densitometric analysis to compare the band intensity
with B-actin as the internal control.

Statistical analysis: Differences in the allele and genotype
frequencies ofthe studied gene regions in different groups
of with chronic HCV and in age- and sex- matched
controls were analysed using x2 test or Fisher’s exact
test. Genotype frequencies at each locus were found to
deviate significantly from Hardy-Weinberg equilibrium.
The odd ratios (ORs) and 95% confidence intervals (Cls)
were obtained using unconditional logistic regression
analysis. Crude ORs and ORs adjusted for different
possible confounders: age (continuous variable), sex,
HCYV infection (yes or no), HCV RNA status (positive or
negative) were calculated. All analyses were performed
by the statistical package for social science, version 10
(SPSS, Chicago, IL).

Results

A total of 180 patients with hepatitis C related
chronic hepatitis who were positive for HCV RNA (Fig.
1) were studied for the promoter region polymorphism
of TLR3. There was no significant difference for age and
sex between the cases and controls (Table I). Alanine
aminotransferase (ALT), aspartate amino-transferase
(AST) and total bilirubin levels were significantly higher
in cases (P<0.001) compared to controls. The prothrombin
time was on the higher side in chronic hepatitis patients
compared to controls. The mean HAI was 7.4 = 2.2
with prior diagnosis of chronic HCV infection. Of the
180 patients, 84 (46.5%) were infected with genotype 3,
followed by 43 (24%) with genotype 1, 28 (15.5%) with
genotype 2, and 25 (14%) with genotype 4.

Analysis of the TLR3 promoter region SNP with HCV
infection: The -7C/A (rs3775296) polymorphism was
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Fig. 1. Representative photograph of HCV RNA +ve product
(5’UTR-region), amplified from patients of chronic hepatitis.

Table I. Demographic and aetiological characteristics of chronic
hepatitis C (CHC) cases and control

Parameter Control CHC
Age (yr) 42.4+13.6 454+£129
Sex ratio (Male : Female) 1.5:1 2:1
Hb% 104 £3.5 109+7.2
ALT (IU/1) <40 24.6£3.9 145.5+78.8"
AST (IU/1) <40 26.5+6.11  119.7+53.3"
Prothrombine time, sec 1.1+0.7 1.15+1.2
Total bilirubin 0.6+0.22 1.85+£0.9
(mg/dl) 0.4 - 1.2

Total protein (g/dl) 6.5 - 8.0 9.7+23 6.7+1

"P<0.001 compared to controls

not found in our study. The screening of variants
in the promoter region of the 7TLR3 gene resulted in
identification of polymorphism at position — 288 G to
A and 705 A to G (Fig. 2a, 2b) by forward primer
and confirmed by reverse primer (as per HUGO
nomenclature). The results were significant in -705
allele (P<0.05) and were associated with predisposition
of HCV infection OR 2.79 (95% CI 1.46-5.42). In -288
allele the result was not significant (P=0.47) which
indicated moderate risk for HCV infection (OR= 1.21;
CI=0.81-1.55).The-7C/A (rs3775296) polymorphism
was not seen (Table II).

In silico analysis of promoter region: In silico sequence
analysis for DNA-binding domain of the promoter
region showed the presence of ectropic viral integration
site 1 encoded factor “ataacaATATagttata” with a
MATINSPECTOR core similarity of 0.750 and an
affinity of 0.835, in which G at -705 resulted in the loss
of this site. The STATs binding site “TTCTTGGAA”
and the interferon-stimulated response element (ISRE)
were located at upstream of -40 bp and at around + 2
bp of the TLR3 promoter region respectively. Both the
STATs binding site and the ISRE were conserved in all
the patients.
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Fig. 2a. Partial chromatograms representing (a) the homozygous
G/G, A/A genotype and (b) the heterozygous G/A genotype at
position-288 in the TLR3 promoter region depicting G/A variation.

Expression profile of TLR3 by semiquantitative RT-PCR
correlated with the promoter region polymorphism of
TLR3: The expression of TLR3 at the transcriptional
level was determined by semiquantitative RT-PCR
using housekeeping [B-actin as the internal control
by densitometric analysis (Fig. 3). The expression
of TLR3 was upregulated in chronic HCV patients
compared with controls (Fig. 4a). Analysis of the TLR3
expression profile for each samples showed that there
were no association with regards to 7LR3 SNPs variants
of -705A/G (Fig. 4b), -288G/A (Fig. 4c), 1s3775296
(Fig. 4d) and in HCV related liver disease.

Discussion

Being a persistently infecting virus, HCV was
forced to evolve sophisticated escape strategies for both
the innate and the adaptive immune system. Patients
in the acute phase of HCV infection were much more
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Fig. 2b. Partial chromatograms representing the homozygous G/G,
A/A genotype and heterozygous G/A genotype at position-705 in
the TLR3 promoter region depicting G/A variation.

likely to respond to therapy that is designed to eradicate
the virus than the patients who progress to chronicity?.
The 0.3kb TLR-3-promoter region was responsible for
virus-enhanced promoter activity. In human, TLR3
appears to be involved in both maintenance of promoter
integrality and promoter specific virus responsive
element, besides the interferon-stimulated response
element (ISRE) at -0.1 kb, the Sp | binding site at
0.2 kb are also responsible for both virus-mediated
upregulation and basal expression of TLR'®, There were
several transcriptional starting sites for human TLR3%
a characteristic feature of GC-rich sequence-driven
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Fig. 3. Representative photograph of semi-quantitative RT-PCR for
TLR3 compared to -actin as the internal control.

gene transcription'®. Polymorphisms within the exon-4
region of TLR-3 gene have been shown to be associated
with type-1 diabetes®. However, the impact of rare
mutations on disease susceptibility could only be traced
by large sequencing approaches. This study aimed to
asses the role of a promoter region polymorphism in
TLR3 gene that may mediate a link between exposure
to a putative environmental precipitant and the adaptive
immune system. Polymorphism of 7LR3 at the -705
promoter region (A > G) may predispose an individual
to HCV infection as observed in all patients under
investigation compared to normal controls. The STATs
binding site “TTCTTGGAA” and the ISRE are located
at upstream of -40 bp and at around + 2 bp of the TLR3
promoter region respectively, which is in contrast to
that described earlier'®?’. Both the STATSs binding site
and the ISRE were found to be conserved in all the
cases suggesting that the IFN-B promoter activation
through TLR3 is conserved in Indian population. /n
silico sequence analysis for DNA-binding domain
of the studied promoter region showed the presence
of ectropic viral integration site 1 encoded factor
“ataacaATATagttata” with a MATINSPECTOR core
similarity of 0.750 and an affinity of 0.835, in which
G at -705 resulted in the loss of this site. The findings
need to be confirmed in a larger population and in vitro
analysis which is the main limitation of the study.

In this study, the SNPs at -288 G/A, rs 3775296
within the promoter region were not associated with
HCYV infection, similar to that shown by other?®?. The
(C/A) SNP at position -7 (rs3775296) in the TLR3
promoter region in Chinese population had frequency
of 23 per cent” whereas, this polymorphism was
not found in our study and it has been detected at a
prevalence rate of 11.1 per cent in Japanese, 4.4 per
cent in Chinese, 3.3 per cent in sub Saharan African
and 1.7 per cent in European as per HapMapn project®.
Two new polymorphisms of TLR3 at the promoter
region the -705 (A>G) and -288 (G>A) were observed
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Table II. Genotypic and allele status for the -705 A/G, -288 G/A, 13775296, polymorphism of TLR3 in patients with chronic hepatitis C

(CHC) and healthy controls of Indian origin

SNP Genotype Control (N=180) Chronic HCV infection (N=180)
No. Freq. (%) No. Freq. (%) P value (3’ test)
AA 165 92 145 81
-705 AG 15 8 31 17 0.004
GG 0 4 2
GG 84 47 69 36
-288 GA 78 43 929 57 0.06
AA 18 10 12 7
3775296 AA 180 100 180 100
rs
UTR AC 0 0 0 0 -
cc 0 0 0 0
SNP Allele No. Freq. (%) No. Freq. (%) OR (95% CI); P value
A 345 96 321 90
-705 G 15 4 39 10 2.79 (1.46-5.42); 0.0006
G 246 69 237 65
-288 A 114 31 123 15 1.12 (0.81-1.55); 0.47
3775296 A 360 100 360 100
8 C 0 0 0 0 ’
Healthy control vs chronic HCV related liver disease -705 genotypes
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Fig. 4a-4d. TLR3 mRNA expression in PBMC in relation to 3-actin as control from patients with chronic hepatitis C and normal control (4a)
with regard to SNPs of -705A/G (4b), -288 G/A (4c), rs3775296 (4d). Medians and P values are given.

by direct sequencing in which the allele G of the SNPs

-705 A/G increased the risk for HCV infection.

Since the newly found SNP at -705 A/G was
located in the promoter region within 1 kb upstream

of exon 1 in the TLR3 gene in close proximity to the
regulatory regions, it can be postulated that it might
modulate or influence the promoter activity of 7LR3.
SNPs within the promoter region of TLR3 might affect
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transcriptional activity but we have not found any
association with the expression level of TLR mRNA
in PBMC which indicates that SNPs in the promoter
region have least role to play with respect to the
expression of TLR3 gene.

The TLR3 expressiononperipheralbloodmonocytes
was significantly upregulated in chronic HCV infection
compared to control in our study irrespective of the
HCV genotype and even at an early histological stage
Tanabe et al'® demonstrated that MV strains with IFN-
B inducible properties up-regulate 7LR3 expression
following their infection. Increased 7LR3 expression
level resulted in enhanced IFN- [ secretion in response
topolyl: C, thisis consistent with the implicated function
of TLR-3 and also suggests the existence of positive
feedback regulation of IFN o/p signaling in response
to virus infection®'. Expression analysis of 7LR3 gene
at PBMC did not show any association with the SNPs
located at rs3775296 in our study, whereas Aksar et al*’
have reported that TLR3 gene expression was related to
hepatic TLR3 gene expression but not PBMC. Contrary
to their role in provoking the host defense mechanism,
increased expressions of TLR3 in severe liver disease
promote a suppressive effect to the adaptive immune
response in chronic HCV infection. Molecular signals
through TLR3 ligands such as HCV dsRNA in its
replicative forms enhance the receptor expression and
responsiveness. HCV appears to be a ‘double hit’ that
could mark the difference between pathogenesis and
tolerance induced by HCV signals as overactivation
of TLRs triggers TLR-signaling-inhibitory processes,
instead of inducing the expression of immune and pro-
inflammatory genes*2.

In conclusion, presence of two previously
unreported SNPs at -705 and -288 promoter region
of TLR3 has been identified. The 7LR3 SNP of -705
was associated with chronic HCV infection. This study
suggests a possible means whereby environmental
agents may interact with the innate and adaptive
immune systems in the pathogenesis of the disease.
Larger studies in various populations are required to
explore further the link between the innate and adaptive
immune systems in relation to HCV infection, in an
attempt to identify additional susceptibility loci and
indications of the initiator of the disease.
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