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1. Introduction 

1.1 Hepatitis C virus 

1.1.1 Structure 

Hepatitis C virus (HCV) is a single-stranded plus-sense RNA virus which causes the 

previously socalled Non-A, Non-B- hepatitis (Choo et al. 1989). The virus is the only 

member of the Hepacivirus genus, which belongs to the Flaviviridae family (Brass et al. 

2006). 

HCV is a spherical enveloped particle, 40-70 nm in diameter. The virus genome encodes a 

long open reading frame flanked by two untranslated regions (UTRs) that contains signals 

for the synthesis of viral RNA (~9,600 nucleotides) and a single large polyprotein 

precursor of approximately 3,010 amino acid residues (Bartenschlager et al. 2004; 

Rehermann and Nascimbeni 2005). This polyprotein is processed by a combination of 

host and viral proteases into at least ten proteins in the following order: NH2- core- 

envelope 1 (E1)- envelope 2 (E2)- p7- nonstructural protein 2 (NS2)- NS3- NS4A- NS4B- 

NS5A- NS5B- COOH (Kato 2001). 

The structural proteins, core, E2 and E1, are required for genome packing, virus 

attachment to its target cell, and the fusion process that delivers the genome into the 

cytoplasm. The hydrophobic p7 protein is thought to act as a viroporin (an ion channel) 

(Bartenschlager et al. 2004). The non-structural proteins have important roles in 

polyprotein processing and HCV replication. They may also modulate the response to 

interferon-alpha (IFN-α) therapy (NS5A) (Penin et al. 2004). An alternative reading frame 

to the core region encodes for the F protein, whose function is presently unknown 

(Bartenschlager et al. 2004).  

1.1.2 Epidemiology 

After applying stringent tests for detecting HCV-specific antibodies by enzyme-linked 

immunosorbent assay (ELISA) or the viral genome by reverse transcriptase polymerase 

chain reaction (RT-PCR) assays in screening blood donations, the risk of transfusion-

associated HCV has been nearly eliminated (Bartenschlager et al. 2004). Nevertheless, the 

prevalence of infection keeps rising due to transfusion of untested samples and to 



 2

parenteral risk factors, mostly by needle sharing among intravenous drugs users 

(Bartenschlager et al. 2004), tattooing and body piercing. Sexual transmission and 

interauterine infections, on the other hand, seem to be rare (Bartenschlager et al. 2004). 

Currently, an estimated 3% of the world's population is infected with HCV and 3 to 4 

million persons are newly infected each year (Shepard et al. 2005). Fig 1 shows the 

distribution of HCV infection worldwide. In Germany, the incidence of HCV decreased 

from about 11.0 to 6.6 cases per 100 000 German inhabitants between 2004 and 2009 

(Robert-Koch-Institut 2010). Nearly 50% - 80% of the mostly asymptomatic acute 

infections with HCV develop to chronic hepatitis C (CHC) (Brass et al. 2006), which 

leads to liver cirrhosis in about 10% - 20% of patients within 20 years after infection and 

eventually hepatocellular carcinoma (Bartenschlager et al. 2004). 

 

 
 

 

Fig. 1: Estimated global prevalence of HCV infection (adopted from Perz et al. (2004)) 

1.1.3 Viral life cycle  

After entry to a host hepatocyte, HCV nucleocapsids are delivered to the cytoplasm, 

where the viral RNA acts directly as an mRNA. Translation is initiated through an 

internal ribosomal entry site (IRES) in the 5′ UTR. The translated polyprotein is co- and 

post-translationaly processed by cellular and viral proteases into ten viral proteins 

(Rehermann and Nascimbeni 2005). Following synthesis and maturation, non-structural 

proteins and viral RNA form membrane-associated replication complexes, which appear 



 3

as a perinuclear membranous web (MW) (Fig 2). These complexes then catalyse the 

transcription of complementary negative-strand RNA intermediates, from which progeny 

positive-strand RNA molecules are generated (Rehermann and Nascimbeni 2005). Capsid 

proteins and genomic RNA assemble into a nucleocapsid and bud through intracellular 

membranes into cytoplasmic vesicles, which then fuse with the plasma membrane 

(Rehermann and Nascimbeni 2005) (Fig. 2). 
 

 

Fig. 2: A schematic illustration of the steps of HCV life cycle (adopted from Brass et 

al. (2006, p. 30)) 

1.1.4 HCV genotypes and subtypes 

Due to the high error rate of the viral RNA-dependent RNA polymerase, HCV genomes 

can be grouped into at least 6 genotypes or ‘clades’ that differ in their nucleotide sequence 

by more than 30%. Furthermore, several subtypes differing in their nucleotide sequence 

by 20% - 25% can be defined within each HCV genotype (Bartenschlager et al. 2004; 

Simmonds et al. 2005). 70% - 80% of CHC in the United States and more than 60% in 

Western Europe and Asia are caused by genotype 1 (Pawlotsky et al. 2007) (especially 

subtypes 1b and 1a), followed by infections with the genotypes 2 and 3. Genotypes 4, 5 

and 6 can only be found in distinct geographical regions like Egypt, South Africa and 

Southeast Asia, respectively (Bartenschlager et al. 2004). 
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1.1.5 Treatment 

The current treatment for CHC involves a 48-week course of weekly injected 

polyethylene glycol (PEG)-conjugated IFN-α (PegIFN-α), which augments normal 

antiviral processes, combined with daily oral ribavirin, a DNA nucleoside analogue, the 

inhibitory mechanism of which on HCV replication is not completely understood 

(Iadonato and Katze 2009). This treatment is effective in about 80% of patients infected 

with HCV genotype 2 or 3 but in less than 50% of those with genotype 1 (Pawlotsky et al. 

2007). Moreover, therapy is costly and often poorly tolerated due to its significant adverse 

effects that prevent some patients from completing the treatment cycle (Ge et al. 2009). 

Consequently, many studies have been intensively carried out to choose alternative 

therapies. Some approaches depended on the antiviral activity and the less side effects of 

interleukin-29 (IL-29)/interferon-lambda1 (IFN-λ1) (Doyle et al. 2006; Miller et al. 2009) 

currently being in phase 2b of clinical development; others relied on enhancing 

endogenous IFN-α production through Toll-like receptors (TLRs) ligands (e.g. the TLR7 

agonist, isatoribine) (Horsmans et al. 2005).  

1.2 TLRs and innate immunity 

The essential role of the mammalian innate immune system to sense invading pathogens 

relies on pattern recognition receptors (PRRs) (Kawai and Akira 2006). PRRs are 

germline-encoded, constitutively expressed molecules that recognize pathogen-associated 

molecular patterns (PAMPs), which are necessary for the survival of microorganisms but 

not present in eukaryotes (Kawai and Akira 2006; Wagner and Bauer 2006). PRRs consist 

of membrane receptors, namely TLRs; and cytosolic receptors such as nucleotide-binding 

oligomerization domain (NOD)-like receptors and the RNA-helicase family, e.g. retinoic 

acid inducible gene-1 (RIG-1) (Akira et al. 2006; Seki and Brenner 2008; Takeuchi and 

Akira 2007). 

TLRs were initially identified based on homology with the Toll receptor from Drosophila 

(Medzhitov et al. 1997). They are expressed predominantly on immune cells, including 

macrophages, dendritic cells (DCs), B cells, specific types of T cells, and, to a lesser 

extent, on a number of nonimmune cells such as fibroblasts, epithelial cells (Akira et al. 

2006), and hepatocytes (Schwabe et al. 2006; Seki and Brenner 2008). All the ten TLRs 

discovered in humans contain a conserved intracellular signaling domain similar to that of 

the IL-1 receptor (IL-1R), termed the Toll/IL-1R homology (TIR) domain (Kawai and 

Akira 2006). The extracellular domain, however, is unique to the individual TLR as it 
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confers specificity for ligand recognition and contains varying numbers of leucine-rich-

repeat (LRR) motifs (Akira et al. 2006). 

While TLRs 1, 2, 4, 5, 6 and 10 are expressed on the cellular membrane, TLRs 3, 7, 8 and 

9 are mainly found in the endosomal compartment allowing site-specific recognition of 

pathogens (Akira et al. 2006; Kawai and Akira 2006). 

1.2.1 Main TLR ligands and signaling pathways  

In general, viral PAMPS, namely double-stranded RNA (dsRNA), single-stranded RNA 

(ssRNA) and unmethylated CpG-containing DNA activate TLR3, TLR7/8, and TLR9, 

respectively. Bacterial PAMPS, however, are recognized by TLR1/TLR2 and 

TLR6/TLR2 heterodimers (lipoproteins), TLR4-CD14-MD2 complex 

(lipopolysaccharides (LPS)), and TLR5 (flagellin). TLR10 is an orphan receptor with 

currently unknown ligands (Akira et al. 2006; Schwabe et al. 2006) (Fig. 3). 

Each TLR has its own intrinsic signaling pathway and induces specific biological 

responses against microorganisms such as dendritic cell maturation, cytokine production, 

and the development of adaptive immunity (Akira et al. 2006). 

Generally, after ligand binding, TLRs dimerize and undergo conformational changes 

required for the recruitment of TIR-domain-containing adaptor molecules to the TIR 

domain of the TLR. Four adaptor molecules are involved, namely myeloid differentiation 

factor 88 (MyD88), which is critical for all TLRs' signaling except TLR3; TIR-associated 

protein (TIRAP); TIR-domain-containing adaptor protein- inducing interferon-ß (IFN-ß) 

(TRIF), which exclusively associate with TLR3 and TLR4; and TRIF-related adaptor 

molecule (TRAM) (Akira et al. 2006; Schwabe et al. 2006). The outcome of the signaling 

through MyD88 and TRIF is the activation of distinct signaling pathways, leading to the 

production of proinflammatory cytokines and type I IFNs (IFN-α/ß) (Akira et al. 2006) 

(Fig. 3).  

1.2.2 The role of TLRs in HCV infection 

HCV activates innate immune system but simultaneously can evade the host immunity 

through several strategies resulting in failure to eradicate the virus in most infected 

individuals (Schwabe et al. 2006; Seki and Brenner 2008). Some HCV nonstructural 

proteins like serine protease NS3/4A have been shown to interrupt TLR3, MyD88-

dependent TLRs, and RIG-1 signaling in vitro through disrupting many downstream 
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molecules like inducing proteolytic degradation of TRIF, MyD88, and interferon 

promoter stimulator-1 (IPS-1), respectively (Seki and Brenner 2008). All these 

interactions might be responsible for the absence of the activation of type I IFN genes by 

HCV in the human liver (Mihm et al. 2004) and might contribute to HCV persistence 

(Gale and Foy 2005). 

 
 

Fig. 3: Schematic overview of TLR ligands and signaling pathways (modified from 

Schwabe et al. (2006, p.1887)). Each TLR recognizes its specific ligand and interacts with 

one or several adapter molecules (MyD88, TRIF, TRAM, and TIRAP) to then induce 

activation of one or several downstream kinases and transcription factors, which up-

regulate proinflammatory, antiviral, and antibacterial mediators.  

1.3 Single nucleotide polymorphisms  

A single nucleotide polymorphism (SNP) is just a single base change in a DNA sequence, 

with a usual alternative of two possible nucleotides at a given position, the least frequent 

allele should have a frequency of 1% or greater (Vignal et al. 2002). Although not all have 
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been identified so far, it is estimated that up to 10 million SNPs are probably present in 

the human genome (El-Omar et al. 2008).  

Population-based association studies have a great benefit in estimating the risk of 

developing a certain multifactorial disease (Risch 2000; Schott et al. 2008; Meiler et al. 

2005), or response to therapy in carriers and non-carriers of a particular genetic variant 

(Ge et al. 2009; Schott et al. 2008; Suppiah et al. 2009; Tanaka et al. 2009). The HapMap 

project (www.hapmap.org) is a valuable tool which facilitates the study of genetic 

polymorphisms relevant to human health and disease (El-Omar et al. 2008). 

Recent studies have reported the association of TLRs genetic variations with several 

diseases such as susceptibility to sepsis, immunodefeciencies, atherosclerosis, asthma 

(Akira et al. 2006; Cook et al. 2004; Oh et al. 2009; Schott et al. 2008) and cancers (El-

Omar et al. 2008; Fukata and Abreu 2008).  

1.4 The aim of the study 

The natural course of HCV infection is highly variable from one person to another (Seeff 

2002), and the complete pattern of host responses to HCV is still not completely 

understood. However, roles of TLR7 and TLR3 are likely since the virus genome is 

ssRNA and encodes regions of extensive secondary dsRNA structure and since dsRNA is 

generated as an intermediate of the viral replication cycle (Gale and Foy 2005). Moreover, 

the membrane associated form of the endotoxin receptor component CD14 (mCD14) also 

colocalizes with TLR3 in intracellular compartments enhancing dsRNA sensing and 

TLR3 signaling (Lee et al. 2006; Vercammen et al. 2008). Further on, LPS translocated 

from the gut to the liver are suggested to exacerbate liver injury induced by toxin or 

ethanol via hepatic CD14 (Su 2002). 

The study aimed to investigate whether specific SNPs with relevant minor allele 

frequencies (MAFs), according to information from Nucleotide Databank of the National 

Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nhi.gov/SNP), 

within the genes encoding for the above-mentioned three receptors are correlated with 

relevant epidemiological and clinical manifestations of liver disease in CHC patients. 

Two SNPs within the TLR3 gene (chromosome 4) were studied in the first article, 

namely, rs5743305 in the promoter region and rs3775291, a non-synonymous functional 

exon 4-located SNP that changes the amino acids from leucine to phenylalanine at 

position 412 of the TLR3 protein (Ranjith-Kumar et al. 2007). Both SNPs have been 

http://www.hapmap.org/
http://www.ncbi.nlm.nhi.gov/SNP
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reported to be associated with low antibody and lymphoproliferative responses to a 

measles vaccination (Dhiman et al. 2008). 

The second article deals with rs2569190 within the CD14 gene (chromosome 5), the 

minor allele T of which has been shown to be correlated with the risk of developing liver 

cirrhosis in patients with alcohol-induced liver disease (ALD) (Campos et al. 2005; 

Jarvelainen et al. 2001; Meiler et al. 2005), but not in CHC patients (Meiler et al. 2005; 

Von Hahn et al. 2008). The study expanded the analysis to two further and independent 

cohorts and considered further histological parameters. 

Taking the X-linked location of TLR7 gene into account, the third article studied the exon 

3-located rs179008. The variant protein, encoded by the allele T which replaces A, has 

been described to be correlated with higher susceptibility to HCV infection and less 

chances of response to an IFN-α-based therapy in CHC females (Schott et al. 2008); and 

with higher viral loads, fast progression to advanced immune suppression in human 

immune deficiency virus (HIV) infection, and increased susceptibility to HIV-1 in women 

(Oh et al. 2009). 
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2. Summarised representation of the material and methods 

2.1 Patients 

A total of 137, 137 and 349, and 144 patients, mainly Caucasians, with CHC were 

enrolled into analyses in the three articles, respectively. The common studied group 

composed of consecutive out-patients who consulted the Liver Unit of the Department of 

Gastroenterology and Endocrinology at the University Medical Center Goettingen 

(UMG), Germany, between 1993 and 2006. CHC was proved by the detection of HCV-

specific antibodies and HCV RNA in patients sera using a highly sensitive nested RT-

PCR over a period of at least 6 months (Mihm et al. 1996a). Patients with concomitant 

non-HCV infections and those with continued alcohol or other drug abuse were excluded. 

Viral genotypes were determined using the Innolipa HCV II line probe assay 

(Innogenetics, Ghent, Belgium). 

Routinely, before the start of therapy, liver biopsy procedures were performed to confirm 

liver disease histologically as described below. In parallel, biochemical liver disease 

parameters, i.e. serum activities of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and gamma-glutamyl transferase (γ-GT) were recorded.  

Two additional subgroups were included into analysis in the third article. The first 

composed of 55 patients treated with IFN-α2a (Roferon A; Hoffman-La Roche, Basel, 

Switzerland). The second contained 44 patients with self-limited HCV infection, which 

was detected by the presence of anti-HCV antibodies in the absence of detectable amounts 

of HCV RNA. 

The 349 patients' cohort was studied in addition in the second article, where samples and 

hepatitis activity and fibrosis progression data were provided by the German Network of 

Competence for Hepatitis (Hep-Net).  

The study was approved by the local ethical committee and conformed to the ethical 

guidelines of the 2000 Declaration of Helsinki. Patients gave their informed consent. 

2.2 Histological evaluation 

For histological evaluation, sections (5–10 μm) from formalin-fixed and paraffin-

embedded liver tissue samples were stained with hematoxylin-eosin, trichrome, and 
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Prussian blue. Five lesions typical for hepatitis C were considered. Necroinflammatory 

activity (grading, score 1-3) and architectural alterations (staging, score 0-4), which were 

scored separately according to Desmet and colleagues (Desmet et al. 1994); steatosis 

degree (score 0-3); and the presence or absence of both portal lymphoid aggregates and 

bile duct damage (Mihm et al. 1997). 

2.3 Preparation of peripheral blood mononuclear cells  

Peripheral blood mononuclear cells (PBMCs) from approximately 30 ml of heparinized 

peripheral blood samples were prepared by Ficoll density centrifugation using 

guanidinium isothiocyanate (Boyum 1984).  

2.4 Isolation of genomic DNA 

Genomic DNA (gDNA) was purified from PBMCs by means of QIAamp DNA Mini Kit 

following the blood and body fluid spin protocol (Qiagen, Hilden, Germany) or from 2 ml 

of serum using QIAamp DNA Blood Midi Kit (Qiagen). Both concentration and purity of 

PBMCs-derived gDNA were determined photometrically by reading the absorbance 

levels at 260 and 280 nm. To assure the integrity of gDNA, an electrophoresis using a 

0.6% agarose gel was used.  

2.5 SNP genotyping 

gDNA was used for genotyping of the variant positions TLR3 rs5743305, TLR3 

rs3775291, and TLR7 rs179008 using the commercially available TaqMan genotyping 

assays C_393058_10, C_1731425_10, and C_2259574_10, respectively (Applied 

Biosystems, Foster City, CA) in the sequence detection system Step One-Plus (Applied 

Biosystems, Darmstadt, Germany) according to the supplier’s instructions. 

For CD14 rs2569190, gDNA was amplified by real-time PCR using the TaqMan® 

Universal Master Mix (Applied Biosystems, Darmstadt, Germany) and 36 μmol/L of 

primers each (CD14: forward 5'-CTA GAT GCC CTG CAG AAT CCT T-3', reverse 5'-

CCC TTC CTT TCC TGG AAA TAT TGC A-3'). Allelic discrimination was achieved by 

adding 8 μmol/L differentially fluorescence dye-labeled allele-specific minor groove 

binder probes (CD14: VIC 5'-CCT GTT ACG GTC CCC CTG-3', FAM 5'-CTG TTA 

CGG CCC CCC T-3'). Reactions and analyses were carried out in the sequence detection 
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system ABI prism 7000 (Applied Biosystems, Darmstadt, Germany) following the 

supplier’s instructions. 

2.6 Isolation of total cellular RNA and reverse transcription 

Total cellular RNA was prepared from available freshly isolated PBMC and homogenized 

liver tissue samples by using CsCl density gradient centrifugation. To get complementary 

DNA (cDNA), an amount of 1 μg of total cellular RNA was reverse transcribed by using 

random hexamers (6 μM) for priming (Mihm et al. 1996b). 

2.7 Quantification of gene expression 

Quantification of gene expression in PBMC and liver tissue samples was performed by 

real-time RT-PCR in a Step One-Plus sequence detection system using commercially 

available TaqMan gene expression Assays on Demand for TLR3 (Hs00152933m1) and, 

as a housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

(Hs99999905m1) (Applied Biosystems, Darmstadt, Germany). 

Competitive RT-PCR was applied to quantify hepatic HCV RNA and hepatic transcripts 

of the IFN-α/ß inducible antiviral myxovirus resistance protein-1 gene (MxA); IFN-α; 

albumin, as a reference gene, essentially as described (Mihm et al. 2004); the interferon-

gamma  (IFN-γ)-inducible protein 10 (IP-10); the gene encoding IFN-α/ß-inducible p44 

(Patzwahl et al. 2001); and IFN-γ (Mihm et al. 1996b) . The relative amount of gene 

expression of IL-29/IFN-λ1; the two subunits of IFN-λ heterodimeric receptor, IL-10 

receptor beta (IL-10Rß) and IL-28 receptor alpha (IL28Rα); and IFN-α/ß receptor 2 

(IFNAR2)  was calculated by real-time RT-PCR using the sequence detection system ABI 

prism 7000 following the supplier's instructions (Doyle et al. 2006; Mihm et al. 2004). 

2.8 Allele-specific transcript quantification (ASTQ) of TLR7 rs179008 variants 

To quantify the relative proportion of A and T allele transcript variants of TLR7 rs179008 

in RNA preparations from heterozygous females' fresh PBMCs, the commercially 

available TaqMan genotyping assay C_2259574_10 (Applied Biosystems, Foster City, 

CA) was applied. Heterozygote gDNA and homozygote gDNA and cDNA samples served 

as controls.  
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2.9 Statistical analysis 

To compare the genetic variants' distribution with Hardy-Weinberg-equilibrium (HWE), a 

Log likelihood ratio χ²-test was applied by means of an online statistical program 

(http://ihg.gsf.de). 

χ²-test and the parametric independent samples t-test were used where applicable, and the 

significance was set to a screening level of 0.05. All tests were performed by using PC 

STATISTIK software package version 4.0 (Hoffmann-Software, Giessen, Germany), SAS 

9.2 through a cooperation with the Department of Genetic Epidemiology, UMG, and 

PASW 17 for Windows (SPSS Inc, Chicago, IL) with the assistance of Medistat GmbH, 

Kiel, Germany. 

Parameters which showed significant correlations to the genotype in the univariate 

analysis were also analyzed using multivariate logistic regression or were stratified by 

age, sex, and HCV subtypes. To compare individual genotypes, linear or logistic 

regression models were applied. Cochran–Mantel Haenzel-test was performed to compare 

individual genotypes between HCV subtypes after stratification by sex and age. 

Due to the TLR7 X-linked gene, females and males were analyzed both separately and 

combined due to the ASTQ results. 

http://ihg.gsf.de/
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3. Summarised representation of the results 

3.1 Genotyping for the respective SNPs under investigation 

A total of 137, 137 and 349, and 144 CHC patients were genotyped for the SNPs: TLR3 

rs5743305 (T/A) and rs3775291 (C/T), CD14 rs2569190 (C/T), and TLR7 rs179008 

(A/T), respectively. Another group of 44 patients with self-limited HCV infection were 

genotyped for TLR7 rs179008. Genotype distribution and MAF were close to that given 

for Caucasians in NCBI and did not deviate from HWE. 

3.2 ASTQ 

Due to the X-linked location of TLR7, it is critical to assign the females heterozygous for 

rs179008 (A/T) to the wildtype, the variant genotype or to separate them in a true 

heterozygous group, therefore, ASTQ was performed. RNA preparations were found to 

contain either nearly equal numbers of both alleles' transcripts, or an excess of one of the 

two alleles (A or T) (i.e. an individual skewed mosaicism). Consequently, analyses had to 

be restricted to the comparison between TLR7 rs179008 A and T homo- and hemizygous 

patients. 

3.3 Epidemiological characteristics 

Demographic analysis revealed no significant relationship with TLR3 rs5743305, TLR3 

rs3775291, or TLR7 rs179008 genotypes. The UMG patients homozygous for the variant 

allele T in CD14 rs2569190 were found to be on average 6.1 years younger than C 

carriers at the time of liver biopsy. This observation, however, was absent in Hep-Net 

patients. 

As expected for a European cohort, HCV 1b was the predominant subtype that infected 

most of the patients, followed by subtypes 1a and 3a. An analysis of HCV 

genotype/subtype distribution revealed only a significant correlation with TLR3 

rs3775291 in terms of an absence of the variant allele T homozygosity among patients 

with subtype 1a vs. 17.8% 1b-infected patients (p=0.0167). 
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3.4 Genotyping of individuals with self-limited HCV infection 

The minor allele T of TLR7 rs179008 has been found to be significantly higher in CHC 

patients in comparison with healthy individuals (Schott et al. 2008). TLR7 rs179008 

genotype distribution of the CHC patients was compared to a group of 44 patients with 

self-limited HCV infection. The proportion of T homo- and hemizygous patients or even 

of heterozygous females was not found to be significantly higher than their counterparts 

with self-limited infection, suggesting no altered capacity of resolving the infection 

spontaneously. 

3.5 Biochemical parameters 

None of the studied SNPs was found to be associated with serum transaminase (AST, 

ALT, or γ-GT) activities or with the number of patients who have normal or markedly 

elevated transaminase levels ( i.e. greater than 2-fold of the upper normal limit). 

3.6 Hepatitis C histological manifestations 

Histological evaluation was performed on liver biopsy specimens taken from the naïve 

patients. While neither of the TLR3 studied SNPs was found to be associated with liver 

histological features, higher frequencies of the minor allele T of both CD14 rs2569190 

and TLR7 rs179008 were found among males with portal lymphoid aggregates 

comparable to those who carry the wildtype alleles C (p=0.004) and A (p=0.032), 

respectively. The presence of portal lymphoid aggregates was not found to be correlated 

with gender, age, HCV subtypes, fibrosis or steatosis stage, but with hepatic inflammatory 

activity (p=0.003) and bile duct damage (p<0.001). A slight trend of TLR7 rs179008 

variant allele carriers (TT females and T males) was also found to be higher among 

patients with bile duct damage (p=0.051).  

Unlike the situation in ALD, CD14 -159T was not found to be related to fibrosis stage in 

CHC infection neither in UMG nor in Hep-Net studied groups, suggesting a gene-

environment interaction. 

3.7 Response to an IFN-α2a monotherapy 

TLR7 rs179008 T allele has been recently reported to be predictive of unfavourable 

outcome of IFN-α therapy in females with CHC (Schott et al. 2008). The initial 

virological response to a mono- IFN-α2a therapy was analyzed with regard to the SNP 



 15

genotype in 55 patients. Response was achieved only in 30% of T carriers vs. 63% of A 

counterparts, yielding a slight trend of significance (p=0.069). Similar results were 

observed in a larger cohort of 145 patients treated with a combined IFN-α-based therapy 

(data not shown). 

3.8 Quantification of gene expression 

Expected to affect the transcriptional activity as a promoter SNP, TLR3 rs5743305 

variants were found, however, to be unrelated to the number of TLR3 transcripts 

quantified neither in PBMC nor in liver tissue samples. This might explain the absence of 

association of this SNP with the above-mentioned characteristics. In contrast, patients 

homozygous for the variant allele T of TLR3 exon 4 SNP had a slightly higher hepatic 

TLR3 gene expression than C allele carriers (p=0.0191), which might have a relationship 

with the absence of infection with HCV subtype 1a in TT patients.  

Innate immunity gene transcripts were quantified in freshly derived liver tissue samples 

and the numbers were related to TLR7 rs179008 genotype after correction for GAPDH or 

albumin as reference genes. Hepatic viral load and the number of gene transcripts shown 

to be raised in CHC when compared to healthy liver tissue such as IP-10, p44, MxA and 

IFN- (Mihm et al. 2004) did not reveal any significant association with the relative SNP. 

On the other hand, T homo- and hemizygotes were found to express significant lower 

amounts of IL-29/IFN-λ1 (p=0.015), IL-10Rß (p=0.001), IL-28Rα (p=0.003) and 

relatively lower amounts of IFN- and IFNAR2 than A homo- and hemizygotes. This 

might be predictive for the probable future therapy with IFN-λ1 rather than forecasting the 

outcome of the current IFN--based approaches. 

Worth mentioning, total CD14 mRNA levels from freshly isolated PBMCs were not 

found to be related to CD14 rs2569190/C-159T genotypes in healthy blood donors (a co-

authorship contribution (Mertens et al. 2009)). 

3.9 Conclusions  

The findings that were obtained in the course of this thesis contribute to the understanding 

of the relevance of genetic variants within PRRs in CHC disease (phenotypes). 

TLR3 rs3775291 minor allele seems to confer a different susceptibility towards HCV 

subtype infection and a different hepatic gene expression of the receptor, but does not 

have any further effects on the clinical outcome of the liver disease. 
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CD14 rs2569190 minor allele, and to a lower extent TLR7 rs179008 variant allele, might 

have a role in the formation of portal lymphoid aggregates in males; the exact etiology 

and the importance of such a feature in disease development is still, however, unclear.  

The only week correlation of TLR7 rs179008 with IFN-α-mediated or spontaneous 

eradication of HCV is in line with consentient results of five recent genome-wide 

association studies (GWASs). These GWASs have enrolled thousands of CHC patients 

from various ethnic populations and independently identified SNPs in the intergenic 

region between IFN-λ2 and IFN-λ3 genes on chromosome 19 to be the strongest 

predictable variants of sustained virological response to an IFN-α-based therapy (Ge et al. 

2009; Rauch et al. 2010; Suppiah et al. 2009; Tanaka et al. 2009) and spontaneous 

clearance of HCV (Rauch et al. 2010; Thomas et al. 2009). 

These recent convincing and comprehensive whole genome approaches might have 

sufficiently answered any role of single genetic variants at least with regard to IFN-α 

responsiveness and self-limited virus eradication in HCV infection.  

Nevertheless, the finding of the significant association between TLR7 variants and 

distinct hepatic gene expression of IFN-λ1 and IFN-λ receptor subunits might point to a 

role of TLR7 in HCV pattern recognition linked to endogenous IFN-λ1 and IFN-λ receptor 

expression. The genetic constitution of its ligands has been shown to be determinant for 

responsiveness to endogenous or exogenous IFN-α. 

IFN-λ1 is currently being tested in a phase 2b clinical trial. Near future functional studies 

will elaborate whether the genetic variations in the intergenic region between the IFN-λ2 

and IFN-λ3 genes might affect IFN-λ2/3 gene expression and whether IFN-λ or its receptor 

expression affects IFN-α responsiveness. 
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