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Souhrn 
 

Chronická hepatitida C představuje vedoucí příčinu jaterních onemocnění 

v západních zemích. Cílem léčby HCV infekce je eradikace viru definovaná jako dosažení 

setrvalé virologické odpovědi (SVR) léčbou. Po mnoho let bylo zřejmé, že genetické 

faktory hrají zásadní úlohu v odpovědi na léčbu IFN-α, ale nebyly jednoznačně 

definovány a nedovolovaly tak individualizaci léčby. Cílem práce bylo popsat roli faktorů 

hostitele v predikci odpovědi na léčbu chronické hepatitidy C u specifických skupin 

pacientů. 

Nejprve jsme se zaměřili na roli promotorové varianty IFNG -764G/C v dosažení 

SVR. Neprokázali jsme, že by tato varianta predikovala dosažení SVR u českých pacientů 

s HCV infekcí. Dále jsme se zaměřili na roli IL28B a IFNL4 u pacientů infikovaných HCV. 

Potvrdili jsme, že genotyp CC IL28B rs12979860 zpomaluje progresi fibrózy jater u 

chronicky infikovaných pacientů a že stanovení genotypu IFNL4 ss469415590 TT|ΔG 

nepřináší zlepšení v predikci úspěšnosti léčby oproti IL28B rs12979860 v české populaci.  

Za třetí jsme se zabývali odpovědí na protivirovou léčbu HCV infekce u pacientů po 

transplantaci jater. Genotyp IL28B rs12979860 nebyl spolehlivým prediktorem odpovědi 

na léčbu v této skupině pacientů. Poté jsme testovali spolehlivost standardních 

prediktorů dosažení SVR u chronicky dialyzovaných nemocných. V této specifické 

skupině byla jako nejdůležitější prediktor úspěšné léčby identifikována nízká sérová 

koncentrace HCV RNA před léčbou.  Nakonec jsme zkoumali prediktory dosažení SVR u 

pacientů s pokročilým jaterním onemocněním, septální fibrózou a cirhózou, s cílem 

identifikace pacientů s vysokou šancí dosažení SVR. Prokázali jsme, že exprese vybraných 

genů (CXCL9, IFI16, IFI27, IFNG, ISG15, USP18) v PBMC je u těchto pacientů zvýšena a 

určuje schopnost eliminace HCV léčbou. Exprese USP18 před léčbou a jeho exprese ve 

12. týdnu terapie byly identifikovány jako nejlepší prediktory dosažení SVR.  

 

Klíčová slova: HCV infekce, prediktory odpovědi na léčbu, interferon-sensitivní geny 
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Abstract 

 

Hepatitis C virus infection represents a leading cause of liver disease in western 

countries. The primary goal of HCV therapy is elimination of the virus, i.e. sustained 

virological response (SVR) achievement. Genetic factors have long been suspected of 

playing a crucial role in determining response to IFN-α-based therapies, but 

pretreatment predictors of response were only poorly defined and did not allow 

personalization of therapy. The aim of the thesis is to describe the role of host-

dependent factors in prediction of antiviral treatment response in chronic hepatitis C in 

specific groups of patients.  

First, we focused on the role of the IFNG -764G/C promoter variant in SVR 

achievement. We did not prove that this variant predicted SVR in Czech HCV-infected 

individuals. Next, we focused on the role of IL28B and IFNL4 in HCV-infected patients: 

we confirmed that the IL28B rs12979860 CC genotype slows down the progression of 

liver fibrosis in chronic HCV infection and that IFNL4 ss469415590 TT|ΔG genotyping 

does not bring a better prediction of treatment success than IL28B rs12979860 in the 

Czech population. Third, we assessed prediction of treatment response in HCV positive 

liver transplant recipients. IL28B rs12979860 genotype was not a reliable predictor of 

treatment outcome in these patients. Then, we assessed reliability of standard 

predictors of SVR in patients on maintenance haemodialysis. In this specific group of 

patients, low pretreatment HCV RNA level was identified as the best predictor of 

treatment success. Finally, we assessed predictors of SVR in patients with advanced liver 

disease, septal fibrosis and cirrhosis, in order to select individuals with a high probability 

to achieve SVR. We proved that expression of selected genes (CXCL9, IFI16, IFI27, IFNG, 

ISG15, USP18) in PBMC was increased and determined the capacity of HCV elimination. 

The pretreatment expression of USP18 and its expression at week 12 of therapy turned 

out to be the best predictor of SVR achievement. 

 

Key words: HCV infection, treatment response prediction, interferon-sensitive genes 
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1. Introduction 
 

 Hepatitis C virus infection (HCV) represents a leading cause of liver disease in 

western countries. The most recent estimates of disease burden show an increase in 

seroprevalence over the last 15 years to 2.8%, equating to more than 185 million 

infected individuals worldwide (Mohd Hanafiah K. et al., 2013).  

 The severity of the disease associated with chronic HCV infection varies from 

asymptomatic infection and chronic hepatitis with various degrees of inflammation and 

liver fibrosis to liver cirrhosis, chronic liver failure and hepatocellular carcinoma (HCC) 

(Marcellin P. et al., 2002, Asselah T. et al., 2009, van der Meer A. et al., 2012).  

The primary goal of HCV therapy is to cure the infection in order to prevent the 

complications of HCV-related liver and extrahepatic diseases. HCV cure results in 

eliminating detectable circulating HCV after cessation of treatment. Sustained virological 

response (SVR) is defined as an undetectable HCV RNA level 12 or 24 weeks after the 

end of therapy. SVR is commonly associated with resolution of liver disease in patients 

without cirrhosis. Cirrhotic patients remain at risk of life-threatening complications, 

particularly, HCC may occur even after viral infection has been eradicated (EASL Clinical 

Practice Guidelines: management of hepatitis C virus infection 2015). Long-term follow-

up studies have shown that SVR corresponds to a definitive cure of HCV infection in 

more than 99% of cases (Swain M.G. et al., 2010).  

 

1.1  HCV structure and replication cycle 

HCV is an enveloped virus which has been identified in 1989 by immunoscreening 

an expression library with serum of a patient with post-transfusion non-A, non-B 

hepatitis (Choo Q.L. et al., 1989). HCV is classified as a member of the Flaviviridae family, 

genus Hepacivirus. HCV has a positive sense single-stranded RNA genome which is 

composed of a 5‘-non-coding region (NCR), a 9.6 kb open reading frame encoding a very 

long pre-protein (3,000 amino acids), and a 3‘-NCR. The pre-protein is cut to structural 

proteins named core protein and envelope proteins E1 and E2, and non-structural 

proteins p7 acting as ion channel, NS2, NS3, NS4A, NS4B, NS5A and NS5B acting as the 

RNA-dependent RNA polymerase (RdRp) (Moradpour D. et al., 2007) (Figure 1).  
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Figure 1. HCV genome organisation and structure of the most important non-structural 
proteins: NS3 (A.), NS5A (B.) and NS5B (C.). Adapted from (Moradpour D. et al., 2007, 
Bartenschlager R et. al., 2013). 

 

Viral particles are 40−70 nm in diameter. Core protein and the envelope proteins 

E1 and E2 represent the principle protein components of the virion. The core protein 

forms the viral nucleocapsid. The glycosylated envelope proteins E1 and E2 form a non-

covalent complex which constitutes the viral envelope. Both E1 and E2 proteins are 

presumably anchored to the host-derived lipid bilayer that surrounds the nucleocapsid 

composed of multiple copies of the core protein and the genomic RNA (Bartosch B. et 

al., 2003, Wakita T. et al., 2005).  

HCV infects solely humans and chimpanzees. HCV infection is a very dynamic 

process with daily production and clearance of approximately 1012 virions per infected 

individual (Neumann A.U. et al., 1998). The virus circulates in blood in various forms: it 

can be associated with low density (LDL) and very low density (VLDL) lipoprotein 

particles, bound to immunoglobulins and it can also circulate as a free virion (Thomssen 

R. et al., 1992, Thomssen R. et al., 1993, Andre P. et al., 2005). LDL receptors (LDLR), 

scavenger receptors class B type I (SR-BI), claudin-I and CD81 (synonyme tetraspanin) 

(Bartosch B. et al., 2003), all expressed at the cell membrane of numerous cell types 

including hepatocytes, represent the most important cell entry sites for HCV. 

Hepatocytes are the main target cells, but the virus can be detected also in B-
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lymphocytes and dendritic cells. The virus enters hepatocytes by clathrin-mediated 

endocytosis (Maillard P. et al., 2006, Moradpour D. et al., 2007). 

The mechanisms regulating translation and replication of the viral genome have 

not been elaborately described so far. Translation of the HCV open-reading frame yields 

a polyprotein precursor that is co- and post-translationally processed by cellular (host) 

and viral proteases into the mature structural and non-structural proteins. The 

structural proteins and the p7 polypeptide (Gentzsch J. et al., 2013) are processed by 

signal peptidases in the endoplasmatic reticulum, whereas the other non-structural 

proteins are processed by the NS2-3 and NS3-4A proteases. 

NS2-3 protease, also known as autoprotease, is responsible for cleavage 

between the non-structural proteins NS2 and NS3. NS2-3 is actually not a distinct 

protein: the autoprotease activity is mediated within the precursor polyprotein by 

cooperated action of the C-terminal domain of NS2 and the N-terminal domain of NS-3. 

Beside its proteolytic activity, NS2 has a critical role in assembly of the core and 

envelope proteins (Ma Y. et al., 2011). 

NS3 is a multifunctional protein with a serine protease activity at the N-terminus 

and RNA-helicase/NTPase activity localised at its C-terminus. The RNA helicase activity is 

required for RNA replication (Jones D.M. et al., 2011). 

NS4A polypeptide serves as a co-factor of the NS3-4A serine protease, which is a 

non-covalent heterodimer consisting of a catalytic subunit (NS3) and the co-factor 

(NS4A) (Phan T. et al., 2011). NS3-4A is responsible for cleavage at four sites of the HCV 

polyprotein. 

NS4B is a small integral membrane protein responsible for the formation of a 

novel intracellular membrane structure, termed the membranous web, which turns out 

to be the platform upon which viral replication occurs (Gouttenoire J. et al., 2010). 

NS5A is a phosphoprotein which can be found in basally phosphorylated (56 kDa) 

or hyperphosphorylated (58 kDa) form. NS5A interacts with newly synthesized viral RNA 

and plays a key role in the formation of the HCV replication complex (Reiss S. et al., 

2013). 

NS5B (RdRp) is the enzyme responsible for the HCV RNA replication (Sofia M.J. et 

al., 2012). Viral replication takes place at the membranous web derived from 

endoplasmic reticulum of hepatocytes and proceeds in two steps: synthesis of a 
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complementary negative RNA strand using the positive strand as a template and 

subsequent synthesis of the positive RNA strand from this template (Behrens S.E. et al., 

1996).  

 The genome of HCV is highly variable owing to the high replication activity of the 

virus and lack of proof-reading function of the RdRp. Owing to this variability, HCV 

isolates have been classified into genotypes and subtypes (Simmonds P. et al., 2005, 

Simmonds P., 2013). There are 6 major genotypes (1−6). Genotypes differ from each 

other by 31% to 33% at the nucleotide level, compared with 20% to 25% between 

subtypes. Despite the sequence diversity of HCV, all genotypes share an identical 

complement of co-linear genes of similar or identical size in the large open reading 

frame, and the genetic inter-relationships of HCV variants are remarkably consistent 

throughout the genome. The most conserved regions of the HCV genome are the 5´-

Untranslated Region (UTR), and the terminal 99 bases of the 3´-UTR. The inferred amino 

acid sequence of the core gene is also relatively invariant between genotypes. The most 

variable region of the HCV genome is the hypervariable region of E2. Here, the large 

number of likely immune-selected amino acid changes distorts the underlying phylogeny 

of HCV apparent from comparison of other genomic region (Simmonds P. et al., 2005). 

 The current standard of genotyping is the INNO-LiPA assay, a line probe reverse 

hybridization assay that uses probes to the 5’-UTR and part of the core sequence to 

discern HCV type (Welzel T. et al., 2017). It is also possible to assess the genotype by 

sequence analysis of the core and E1 region or NS5B region (Simmonds P. et al., 2005).  

  

1.2  HCV epidemiology and transmission  

HCV is a worldwide prevalent infection with more than 185 million infected 

individuals, with prevalence in general population of about 2.8% (Mohd Hanafiah K. et 

al., 2013). The 2001 serological survey reported prevalence of anti-HCV positivity of 

0.2% in the Czech Republic (Nemecek V. et al., 2003). The most recent seroprevalence 

survey in 3,000 healthy volunteers held in 2015 found the anti-HCV prevalence of 1.67% 

with 0.93% viraemic individuals (Chlibek R. et al., 2016). HCV thus represents a leading 

cause of liver disease in western countries (Wedemeyer H. et al., 2014). 
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Until 2007, most HCV positive subjects in the Czech Republic were infected with 

genotype 1b (Cornberg M. et al., 2011). The recent serological survey reports the 

following genotype distribution: 25% genotype 1a, 25% genotype 1b and 46.4% 

genotype 3 (Chlibek R. et al., 2016). 

HCV is a blood-borne infection (Lavanchy D., 2011) and is predominantly or 

almost exclusively acquired through percutaneous exposure to blood. The main routes 

of transmission are: blood and blood product transfusion (especially before 1992), 

intravenous drug use, tattoo, piercing (particularly if not done under aseptic conditions), 

maintenance haemodialysis, professional exposure (health-care and social-care 

workers), and sexual contacts with HCV-positive subjects. Further risk factors are family 

contact with an HCV-positive individual, vertical transmission from mother to child, 

iatrogenic transmission and transmission through an infected organ graft before 1992. 

Since routine blood donor testing was implemented in 1992, the infection has been 

transmitted predominantly by sharing infected paraphernalia in intravenous drug use. 

  

1.3  The natural course of HCV virus infection 

HCV infection is acquired via blood contact. HCV RNA is detected in blood 7−21 

hours after infection. The quantity of HCV RNA increases substantially and is followed by 

liver aminotransferases elevation 4−12 weeks after infection. Only a minority of patients 

present with clinical symptoms of liver disease; most remain asymptomatic in the acute 

phase and are not aware of the disease. The studies on natural history of HCV show that 

55−86% infected individuals are not able to eliminate the virus spontaneously and the 

disease progresses to chronic course (Wiegand J. et al., 2008). Chronic HCV infection is 

defined as positive HCV RNA more than 6 months after infection (EASL Clinical Practice 

Guidelines: management of hepatitis C virus infection 2015). Women and younger 

individuals achieve the spontaneous clearance of the virus more often. Spontaneous 

clearance is also more frequent in IL28B rs12979860 CC carriers (Thomas D.L. et al., 

2009). When chronic, spontaneous clearance of the infection is extremely rare. Even if 

the liver disease caused by HCV has a mild activity and a slow course in most cases 

(Kenny-Walsh E., 1999), epidemiological studies prove a considerable mortality 

associated with HCV infection (van der Meer A. et al., 2012, Aleman S. et al., 2013). Liver 
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cirrhosis develops in 15−30% infected individuals within 10−20 years, the time to 

develop HCC is approximately 20−30 years (Tong M.J. et al., 1995). Prospective studies 

in immunocompromised hosts, i.e. HIV co-infected patients or those with 

hypogammaglobulinaemia, show an increased risk of cirrhosis development in HCV 

infection (Bjoro K. et al., 1994, Darby S.C. et al., 1997). Contrarily, immunocompetent 

subjects show a mild course of the disease in the first 20 years of chronic infection. The 

highest incidence of cirrhosis is described after 25 years of disease duration, but the 

overall survival was not influenced by HCV; 35% of infected individuals developed 

cirrhosis but nobody with normal values of liver function tests over a long period (Kenny-

Walsh E., 1999,  Seeff L.B. et al., 2000, Wiese M. et al., 2000, Wiese M. et al., 2005).  

The relatively mild course of the disease is in sharp contrast with the number of 

liver transplants owing to HCV infection and the overall HCV-associated mortality. The 

course of the disease is thus influenced by many risk factors present in otherwise 

healthy individuals. The following factors influence unfavourably the course of the liver 

disease. The age is crucial (Pradat P. et al., 2007, Freedman N.D. et al., 2009). Older age 

at the time of liver biopsy and the duration of the illness are associated with a higher 

degree of liver fibrosis. An accelerated course is also associated with significant alcohol 

consumption (> 50 g daily) (Marcellin P. et al., 2008), diabetes, obesity, HIV and HBV co-

infection and non-alcoholic steatohepatitis. Patients infected with genotype 3 of the 

virus also present with faster fibrosis progression and have an increased risk of HCC 

(Bochud P.Y. et al., 2009, Nkontchou G. et al., 2011). 

 

1.4  Treatment of HCV infection 

Interferon alpha (IFN-α) was the first drug used in the early 80’ in patients with 

non-A, non-B hepatitis who got infected by blood transfusion or intravenous drug use, 

had high activities of liver enzymes and whose histological findings were typical of 

chronic hepatitis described in their liver biopsies (Hoofnagle J.H. et al., 1986). The non-

specific, immunostimulating therapy led to normalization of liver enzymes levels and 

improvement of histological findings. IFN-α 2b was approved for treatment of HCV 

infection in 1991 in the U.S.A. The disadvantage of this treatment resided in its side 

effects and a very low chance to achieve SVR in randomized clinical trials. SVR was 
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achieved in only 6% of patients treated for 24 weeks with IFN-α. Prolongation of therapy 

to 48 weeks led to increase in SVR, but still only 13−19% (McHutchison J.G. et al., 1998, 

Poynard T. et al., 1998). In genotype 1 infected patients, the results were even worse 

and the escalation of the dose of IFN-α did not lead to increase in efficacy. On the 

contrary, the tolerability was significantly poorer.  

Another major step forward was the addition of ribavirin (RBV) to the treatment 

protocols. RBV is an orally administered guanosine analogue with a broad-spectrum 

antiviral activity against both DNA and RNA viruses. Its exact mechanism of action has 

not been elucidated so far. Whereas, when used in monotherapy, RBV had only a 

modest antiviral activity (Reichard O. et al., 1991), its use in combination with IFN-α 2b 

led to higher treatment efficacy and SVR was achieved in 43% of patients treated for 48 

weeks in comparison with IFN-α monotherapy (McHutchison J.G.et al., 1998, Poynard T. 

et al., 1998). The logistic regression analysis identified factors positively influencing SVR 

achievement: HCV genotype 2 or 3, low pretreatment viraemia (baseline HCV RNA ≤ 2 

million copies, being equivalent to 600,000 IU/ml), age under 40 years, minimal fibrosis 

in liver biopsy and female gender (Poynard T. et al., 1998). IFN-α and RBV combination 

became standard-of-care in 1999.  

Three-times-a-week application of the conventional IFN-α was associated with 

saw-toothed ups and downs of HCV RNA levels and low likelihood of a steady second 

phase viral load decline (Herrmann E. et al., 2003, Pawlotsky J.M. et al., 2004). Long-

acting IFNs that could be administered once weekly while maintaining a steady level of 

the acting drug were generated by attaching the IFN-α molecule to a polyethylene glycol 

molecule. Two pegylated interferons were developed: PEG-IFN-α 2b (40 kD molecule) 

and PEG-IFN-α 2a (12 kD molecule). Their elimination time was prolonged to 75 and 30 

hours, respectively. They were administered as a single weekly injection: PEG-IFN-α 2a 

as a fixed dose of 180 μg, PEG-IFN-α 2b dosing was weight adjusted, 1.5 μg/kg (Zeuzem 

S. et al., 2000, Lindsay K.L., et al., 2001). Similarly to conventional IFNs, the combination 

with RBV increased the number of SVRs achieved (Manns M.P. et al., 2001, Fried M.W. 

et al., 2002).  

Phase III clinical trials confirmed the crucial role of HCV genotype in the SVR 

achievement. Whereas the patients with genotype 1 achieved SVR in 42−46% of cases 

with a 48-week treatment and a higher dose of RBV, the patients with genotype 2 and 3 
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achieved 80% SVR with a 24-week therapy and a fixed-dosed RBV, 800 mg daily (Manns 

M.P. et al., 2001, Fried M.W. et al., 2002).  

In the last 20 years, efforts had been made to predict in the most accurate way 

the chance of the patient to achieve SVR on PEG-IFN-α and RBV combination therapy. 

There are factors that predict SVR achievement, both virus and host-related. The HCV 

genotype is an essential predictor of SVR known before therapy. Genotype 1 response to 

therapy is poor (42−65% SVR), genotype 2 and 3 have a higher chance to achieve SVR 

(56−100%) (Manns M.P. et al., 2001, Fried M.W. et al., 2002, Hadziyannis S.J. et al., 

2004). The blood concentration of HCV RNA is not so important, but patients with a 

lower viral load (HCV RNA ≤ 600,000 IU/ml), achieve SVR more frequently (Zeuzem S. et 

al., 2006). The race also influences the response to therapy: African-Americans have a 

lower rate of SVR in spite of milder liver damage (McHutchison J.G. et al., 2009). 

Steatosis present in liver biopsy also worsens treatment outcomes (Walsh M.J. et al., 

2006). The rate of patients who achieve SVR decreases with an advanced stage of liver 

disease, i.e. with the degree of liver fibrosis. Patients with advanced cirrhosis have the 

lowest chance to achieve SVR. Patients with compensated cirrhosis and genotype 1 

achieve SVR in 10%, whilst genotype 2 and 3 infected patients with cirrhosis achieve SVR 

in 48% (Poynard T. et al., 2009). Patients with cirrhosis have not only a lower chance to 

achieve SVR, but they have a higher rate of treatment-associated complications and 

treatment tolerability is altered (Hezode C. et al., 2014). 

Owing to bad tolerability of the PEG-IFN-α and RBV combination and its low 

efficacy, efforts were made to tailor the therapy according to predictors of response in 

order to achieve the highest possible rate of SVR and to discontinue the therapy in 

patients with a modest chance to achieve SVR and to minimize the adverse effects 

caused by the therapy frequently (Zeuzem S. et al., 2006,  Moreno C. et al., 2010). The 

therapy was then modified according to the virological response in the first weeks of 

therapy. HCV RNA was assessed at baseline and at weeks 4, 12 and 24 when on 

treatment (EASL Clinical Practice Guidelines: management of hepatitis C virus infection 

2011). Rapid virological response (RVR) was characterized by negative HCV RNA at week 

4, patients with early virological response (EVR) achieved undetectable HCV RNA at 

week 12. Delayed virological response was described in patients with detectable HCV 

RNA at week 12, but negative at week 24. The patients who did not achieve at least a 2 
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log10 drop of HCV RNA at week 12 in comparison with the baseline viraemia or were not 

completely negative at week 24 had a very low chance to achieve SVR and it was 

recommended that the therapy should be stopped prematurely as ineffective (EASL 

Clinical Practice Guidelines: management of hepatitis C virus infection 2011). 

 

1.5  Genetic factors influencing response to therapy 

Host genetics has long been suspected of playing a crucial role in determining 

response to IFN-α-based HCV therapy. Pretreatment predictors of response were only 

poorly defined and did not allow personalization of therapy. Both host (gender, age and 

stage of liver fibrosis) and viral factors (genotype and viraemia) were recognised to be 

important, but did not adequately explain the variation in response observed in treated 

individuals. African-American ancestry is strongly associated with poor response and the 

SVR is half that observed in Caucasians (Muir A.J. et al., 2004, Conjeevaram H.S. et al., 

2006). These ethnic differences cannot be explained by severity of disease, compliance, 

viral kinetics or more immunological or other parameters. Hispanic ethnicity has also 

been associated with lower response rates compared to Caucasians (Rodriguez-Torres 

M. et al., 2009). In contrast, Asian population appears to have the highest response 

rates (Dev A.T. et al., 2002, Liu C.H. et al., 2008). Considered together, these ethnic and 

racial differences in treatment response strongly implicated a genetic basis. Genetic 

variations in the IL28B gene region were identified in 2009 to be strongly associated with 

viral clearance following treatment with PEG-IFN-α and RBV in patients infected with 

HCV, genotype 1. 

The first genome-wide association study (GWAS) (Ge D. et al., 2009) to 

investigate genetic predictors of treatment response used patients from the IDEAL study 

(McHutchison J.G. et al., 2009), a large randomized controlled trial that confirmed 

similar efficacy of the two commercially available PEG-IFNs (PEG-IFN-α 2a and PEG-IFN-α 

2b) in North American patients chronically infected with HCV genotype 1. The number of 

patients who consented to genetic testing was 1604, a further 67 patients were enrolled 

from a second randomized clinical trial that compared the efficacy of PEG-IFN-α 2b and 

RBV in Caucasian vs. African-American patients (Muir A.J. et al., 2004). The GWAS study 

(Ge D. et al., 2009) therefore had the advantage of an extremely well-characterised 
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patient phenotype, defined within the context of clinical trials. Genotyping was 

performed using the Illumina Human610-quad BeadChip (610,000 single nucleotide 

polymorphisms (SNPs) were genotyped). The primary analysis for treatment outcome 

compared SVR to true biological non-response in 1137 patients in 3 ethnic groups: 

Caucasians, African-Americans and Hispanics, defined by genetic ancestry. Seven SNPs 

on chromosome 19, all in the region of IL28B gene encoding one of the three known 

type III interferons (see section 1.6), met the threshold for Bonferoni-corrected 

significance in the GWAS, adjusted for other clinical factors known to impact treatment 

response, including baseline HCV RNA, hepatic fibrosis stage, steatosis grade, age, body 

mass index, baseline ALT level, blood glucose level, and weight-adjusted RBV dose. The 

p-value for association of the top discovery SNP, rs12979860, located 3 kb upstream of 

the IL28B gene, was 1.06 x 10-25 in Caucasians. Six other SNPs displayed different 

degrees of linkage disequilibrium with rs12979860, and their effects were largely 

explained by their linkage with rs12979860. The IL28B rs12979860 polymorphism was 

associated with a two-fold increase in the SVR rate in all ethnic groups (Figure 2).  

 

 

Figure 2. Treatment response rate (SVR) according to ethnicity and IL28B genotype, 
graphical presentation of the data reported by Ge et al. (Ge D. et al., 2009). 
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In a multivariable logistic regression model, IL28B genotype was a stronger 

independent predictor of SVR than viral load, hepatic fibrosis stage or ethnicity 

(adjusted odds ratio for SVR in Caucasians 7.3). Furthermore, the favourable IL28B CC 

genotype was more common in Caucasians than in African-Americans and it was 

estimated that this difference in genotype frequency was responsible for approximately 

half of the recognized discrepancy in treatment response rates between the two 

populations. Random sampling of a healthy population then identified the IL28B 

rs12979860 CC genotype to be the most common in Asian patients, suggesting that this 

genetic variant may also contribute to the high response rate reported in this ethnic 

group (Figure 3) (Liu C.H. et al., 2008). Finally, the C allele frequency in the IDEAL study 

was noted to be lower than that of an ethnically matched population of unknown HCV 

status, suggesting that genetic variation in the IL28B gene region may be relevant to 

natural clearance of HCV. This last point was subsequently confirmed in a separate study 

examining the association between IL28B rs12979860 and spontaneous clearance of 

HCV (Thomas D.L. et al., 2009). Interestingly, the impact of the genotype at the non-

coding IL28B rs12979860 locus on IL28B/IFNL3 protein expression was small, if any. 

 

Figure 3. Geographical distribution of IL28B rs12979860 alleles. Adopted from (Thomas 
D.L. et al., 2009). 
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1.6  Interferon signalling in HCV infection 

Interferons (IFNs) are signaling proteins, belonging to the cytokines protein 

family, produced and released by virtually all cell types in response to the virus infection. 

IFNs were discovered and named for their antiviral effect in the 1950s (Isaacs A. et al., 

1957). In addition to upregulating the transcription of genes that inhibit viral replication, 

these cytokines also act to coordinate the adaptive immune response to virus infection. 

IFNs are typically divided into three classes: type I IFN, type II IFN and Type III IFN 

based on the receptor through which they signal and based on gene loci of the IFN 

transcribing genes (Durbin R.K. et al., 2013, Murira A., Lamarre A., 2016). 

 

Type I IFNs 

Type I IFNs are the most biologically important antiviral cytokines, including IFN-

α and IFN-β. In humans, there are 13 functional IFN-α proteins but only one IFN-β 

protein, defined by their structural similarity (Durbin R.K. et al., 2013). Upon pathogen-

encounter, a variety of cells are involved into IFN-I expression through recognition of 

pathogen-associated molecular patterns by putative pattern recognition receptors 

(PRRs), such as toll-like receptors (TLRs), retinoic-acid inducible gene I (RIG-I), melanoma 

differentiation-associated protein 5 and nucleotide-binding oligomerization domain-

containing protein (Murira A., Lamarre A., 2016).  Owing to PRR activation, signal 

transduction occurs via downstream transcription regulators called IFN regulatory 

factors (IRFs). Upon ligation of common interferon receptor (IFNAR 1/2), signal 

transducers and activators of transcription 1 (STAT1) and 2 (STAT2) are induced by 

phosphorylation catalysed by the tyrosine kinase 2 (TYK 2) and Janus kinase (JAK1).  

HCV infection induces host signaling pathways leading to type I IFNs secretion 

(Foy E. et al., 2003, Gale M. et al., 2005, Saito T. et al., 2008, Asselah T. et al., 2009). 

Double strand (ds) RNA viruses are generally known to induce IFN signalling pathways, 

dsRNA is recognized by cellular PRRs such as TLR and RIG-I. HCV is a single strand virus; 

however, its replication may produce some dsRNA inducing the host immune response 

typical for dsRNA viruses. HCV dsRNA, which is a pathogen associated molecular pattern, 

is therefore recognised by PRRs TLR3 and RIG-I. Although HCV is a single stranded RNA, 

the fact that replication of the HCV genome is catalysed by its RdRp suggests that dsRNA 
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may be formed during the HCV lifecycle and activate PRRs. Activation of TLR3 leads to 

the recruitment of IκB kinase, (IKK)-related kinases, TANK-binding kinase 1 (TBK1) and 

IKKi (Figure 4). These kinases, together with adapters TANK and NAP1 (not shown), 

catalyse the phosphorylation of IFN stimulatory factor-3 (IRF-3). Phosphorylated IRF-3 

forms a dimer, translocates into the nucleus, binds to DNA in collaboration with 

transcription factors AP-1 and NF-κB and regulates the expression of IFNβ. The HCV NS3-

4A serine protease may block the phosphorylation and effector action of IRF-3. After 

recognition of viral RNA, RIG-I and MDA5 recruit IFN-β promoter stimulator-1 (IPS-1) via 

its caspase recruitment domain (CARD-CARD) interaction. IPS-1 is localised in the 

mitochondria and acts as an adapter that plays a critical role in the activation of IRF-3 

and IRF-7. IPS-1 is targeted and inactivated by the serine protease NS3-4A from HCV. 

IRF-7 forms a dimer and translocates into the nucleus to induce IFN α/β. Endogenous 

IFN α/β bind to the IFNAR-1/2 expressed at the surface of target cells. Receptor 

engagement leads to recruitment of TYK2 and JAK1. Together with IRF-9, the two 

kinases induce activation of STAT1 and STAT2, which, together with ISGF3G/IRF9 (IFN-

stimulated gene factor 3, γ-subunit), bind to cis-acting IFN-stimulated elements (ISREs), 

thereby activating the transcription of IFN α/β inducible genes such as PKR, IL8 and 

OAS2. The HCV core protein has been shown to induce the expression of SOCS3 

(suppressor of cytokine signalling 3) which can suppress the JAK/STAT pathway. 
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Figure 4. Hepatitis C and immune response. Adopted from (Asselah T. et al., 2009). 

 

Type II IFNs 

Type II IFNs include IFN-γ in humans. IFN-γ is a multifunctional cytokine which is 

produced by effector T cells and natural killer cells. It defines the development of T-

helper 1 cells and is critical for host defense against a variety of intracellular pathogens, 

including HCV infection. IFN-γ efficiently inhibits HCV replication in vitro (Frese M. et al., 

2002). The levels of IFN-γ seem to be associated with the ability of HCV viral clearance in 

the chimpanzee model (Woollard D.J. et al., 2003) as well as in humans: the functional 

IFNG rs2069707 -764C/G variant in the proximal promoter with documented impact on 

IFN-γ expression was reported to affect IFN-α-induced as well as spontaneous recovery 

from HCV infection (Ben-Ari Z. et al., 2004). 

 

 

 

https://en.wikipedia.org/wiki/IFN-%CE%B3
https://en.wikipedia.org/wiki/IFN-%CE%B3
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Type III IFNs 

Although discovered more recently than type I and type II IFNs, recent 

publications demonstrate the importance of type III IFNs in infections. Type III IFNs, also 

called IFNs lambda (IFNLs), represent an essential component of the innate immune 

response to HCV (Bruening J. et al., 2017). The first three type III IFNs, namely IFN-λ 1 (or 

IL-28A, encoded by IFNL1), IFN-λ 2(or IL-29, encoded by IFNL2) and IFN-λ 3 (or IL-28B, 

encoded by IFNL3), were discovered in 2003 (Kotenko S.V. et al., 2003, Sheppard P. et 

al., 2003). The most recent member of the type III interferon family named IFN-λ 4 

(encoded by IFNL4) was discovered even 10 years later (Prokunina-Olsson L. et al., 

2013). The expression of IFNL genes is tightly controlled and their expression profiles are 

ligand and tissue specific (Hillyer P. et al., 2012). All type III interferons use the same 

heterodimeric membrane receptor (Thomas E. et al., 2012), which is composed of two 

subunits: alpha (IFNLR1) and beta (IL10RB). Restricted expression pattern of the IFNLR1 

subunit is responsible for tissue-specific response to IFNLs. In particular, tissues with 

high epithelial cell content like intestine, liver and lung express IFNLR1 in these cells and 

respond to IFNLs (Sommereyns C. et al., 2008).  

Patients chronically infected with HCV present with increased expression of IFNLs 

(Dolganiuc A. et al., 2012). There is also a known positive association between 

expression levels of IFNLs and interferon-sensitive genes (ISG) explained by the fact that 

expression of interferons lambda leads to induction of ISG (Thomas E. et al., 2012, 

Duong F.H. et al., 2014). High ISG and IFNL4 levels negatively impact the outcome of 

HCV infection and interferon treatment (Terczynska-Dyla E. et al., 2014). Surprisingly, in 

a clinical study of HCV treatment with IFN-λ-1a, this lambda interferon had similar 

efficiency as IFN-α, but with fewer musculoskeletal and influenza-like events (Muir A.J. 

et al., 2014).  

 

1.7  ISG expression and prediction of response to therapy 

As described earlier, the IFN-induced hepatitis C virus clearance is a complex, 

immune-mediated process (Thimme R. et al., 2012) and a detailed clarification of the 

mechanism of viral elimination is still lacking. Nevertheless, previous studies described 

induction of many ISG in hepatocytes and other cells following IFN-α administration 
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(Bolen C.R. et al., 2013). Chen et al. (Chen L. et al.,  2005) first described the differences 

in ISG activation in the liver in subjects prone to HCV elimination in comparison with 

non-responders to therapy. HCV infection modifies the baseline expression profiles of 

ISG compared with healthy subjects both in hepatocytes and peripheral blood 

mononuclear cells (PBMC) (Ji X. et al., 2003, Chen L. et al., 2005, Asselah T. et al., 2008, 

Hou J. et al., 2014), and the course of the ISG expression profiles is most likely 

unfavourable with persistence of the chronic HCV infection. Clinical data are in 

accordance with this hypothesis; the capacity to eliminate the virus with IFN-α and RBV 

is reduced in the course of the disease. It decreases with the age of the patient and with 

fibrosis progression, and both these factors are influenced by the duration of the 

infection (McHutchison J.G. et al., 2009). In the livers of non-responders, long-term 

exposed to the virus, ISGs are upregulated and are not prone to further stimulation by 

IFN-α (Sarasin-Filipowicz M. et al., 2008). Asselah et al. (Asselah T. et al., 2008) proved a 

significantly higher baseline liver ISG activity in non-responders in comparison with 

responders to therapy. Based on the activity of selected ISGs in the liver, they were able 

to predict SVR with 94% probability. Chen et al. (Chen L. et al., 2010) investigated the ISG 

baseline expression profile in hepatocytes and liver macrophages in the same individuals 

and found a difference. The group of non-responders was characterized by higher ISG 

expression in hepatocytes and lower in macrophages when compared with responders 

to PEG-IFN-α and RBV therapy. Furthermore, they confirmed the principal importance of 

ISG15 and USP18 in the specific activation of IFN-α anti-HCV pathway. 

To assess ISG expression in hepatocytes as a clinical predictor of SVR, serial liver 

biopsies would be required. Since liver biopsy, especially in cirrhotic patients, represents 

a high-risk procedure without unequivocal clinical and therapeutical impact, this 

approach turned out to be impossible.  

In contrast to findings in hepatocytes, data obtained from peripheral blood 

leukocytes remained controversial. Hou et al. (Hou J. et al., 2014) described a reliable 

prediction of elimination of the virus based on the baseline expression profiles of 18 

ISGs investigated in peripheral blood in naïve patients, the expression profiles differed 

between responders to therapy and relapsers. On the contrary, Taylor et al. (Taylor 

M.W. et al., 2008) investigated relative changes in PBMC ISGs after stimulation with 

PEG-IFN-α. The upregulation of ISGs in the PBMC was found as expected; however, no 
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significant differences were observed when comparing responders and non-responders. 

MacParland (MacParland S.A. et al., 2015) assessed pretreatment ISG expression levels 

in HCV infected individuals and compared them with healthy volunteers. They found 

some upregulated as well as other downregulated genes in PBMC prior to interferon 

administration. 

The question that PBMC ISG might achieve their maximum and could not be 

further upregulated in infected individuals, i.e. those who fail to respond to antiviral 

therapy, remained unanswered. Since PBMC are easily available in clinical settings at 

treatment baseline as well as at different treatment time points, we investigated PBMC 

ISG expression in difficult-to-treat patients in whom accurate SVR prediction could bring 

a substantial benefit.  
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2.  Aim of the thesis 

 

The aim of the thesis was to describe the role of host-dependent factors in 

prediction of antiviral treatment response in chronic hepatitis C in specific groups of 

patients.  

Our objectives were: 

1. To determine the SVR predictive value of the rs2069707 -764C/G variant in the 

promoter of IFNG.  

2. To assess the rs12979860 IL28B genotype frequencies in Czech patients with 

chronic hepatitis C and in healthy individuals and contribution of the IL28B 

genotype to the progression of fibrosis in hepatitis C virus infection. 

3. To assess the frequency of IFNL4 ss469475590 TT|ΔG variants in the group of 

HCV-infected patients and healthy controls in the Czech Republic and evaluate 

their impact on SVR prediction in comparison with rs12979860 IL28B genotype. 

4. To evaluate long-term survival of HCV patients after orthotopic liver 

transplantation (OLTx), efficacy of antiviral therapy and host factors determining 

treatment response and SVR contribution to long-term survival.  

5. To analyse and validate reliability of the standard predictive factors in genotype 

1 patients with end-stage renal disease (ESRD) on maintenance haemodialysis. 

6. To clarify whether irresponsiveness to interferon-based triple therapy in patients 

with advanced liver disease depends on the unfavourable pretreatment ISG 

expression profile and to explore potential genetic predictors of SVR 

achievement.  
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3.  Methods 
 

3.1  HCV RNA assessment and HCV genotyping 

HCV RNA levels were assessed by the Roche AmpliPrep/COBAS® TaqMan® HCV 

Test v1.0 and v2.0 accordingly to the period of treatment (Roche Molecular Systems, 

Branchburg, NJ, USA). Serum HCV RNA levels were determined at baseline, at weeks 4, 

12, 24, 36, 48 of treatment and 12 and 24 weeks after the end of therapy. HCV 

genotyping was conducted at baseline using the Siemens Versant® HCV Genotype 2.0 

Assay (LiPA) (Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA). 

3.2  Genotyping 

  The rs2069707 -764C/G variant in the promoter of IFNG was genotyped using the 

polymerase chain reaction and restriction fragment length polymorphism assay, using 

the primers 5´-GCCTCAACCTCCCAAAGTG-3´(Fw) and 5´-

CTGAAGTACTATTTGGGATATATTGGTTTA-3´ (Rev). A 180 bp long product was 

subsequently digested by the RsaI enzyme. The length of the restriction products was 

assessed using polyacrylamide gel electrophoresis. 

The IL28B non-coding polymorphism rs12979860 C/T located upstream of the 

start of gene transcription was genotyped using the polymerase chain reaction and 

restriction fragment length polymorphism assay, as described by Fabris et al. (Fabris C. 

et al., 2011) using the primers 5´-GCTTATCGCATACGGCTAGG-3´(Fw) and 5´-

AGGCTCAGGGTCAATCACAG-3´ (Rev). A 242 bp long product was subsequently digested 

by the Bsh1236I enzyme. The length of the restriction products was assessed by agarose 

gel electrophoresis. In order to minimise genotyping errors, blank controls wells were 

left on the PCR plates and two operators, unaware of the status of the sample, 

performed the genotype assignment independently. 

Genotyping of the IFNL4 nonsense mutation ss469415590 TT|ΔG (called also 

polymorphism despite its impact on the protein sequence length and function) was 

performed by a custom-designed TaqMan genotyping assay (Illumina, San Diego, CA) 

described by Prokunina-Olsson et al. (Prokunina-Olsson L. et al., 2013).  
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3.3  PBMCs and mRNA isolation 

Blood was collected in EDTA 9 ml tubes, diluted with an equal volume (9 ml) of 

1% PBS (phosphate buffered saline) and then layered over a 9 ml Lymphoprep gradient 

(Axis-Shield, Oslo, Norway). The tubes were centrifuged at 1400 rpm for 30 minutes at 

10 °C. The buffy-coat layer was transferred to 15 ml RNAse-free tubes, diluted with PBS 

and centrifuged at 1000 rpm at 10 °C. The supernatant was discarded and PBMC were 

retained and ready for RNA isolation. RNA was extracted from PBMC with the RNeasy 

Mini Kit (Quiagen, Valencia, CA). RNA purity and concentration were assessed by 

spectrophotometry. Obtained mRNA was reverse-transcribed into ss-cDNA using the 

RevertAid Premium First Strand cDNA synthesis kit (Thermo Scientific, Waltham, MA). 

3.4  Gene expression analysis  

The expression of a set of seven genes was analyzed in PBMC. The gene set was 

selected according to the above-cited literature and consisted of CXCL9, IFI16, IFI27, 

IFNG, IFNLR1, ISG15 and USP18. 

 Real-time PCR was performed using TaqMan® Assays in 384-Well Microfluidic 

Cards (Applied Biosystems, Foster City, CA). Custom cards were designed with the 

Custom TaqMan array configuration tool. Real-time PCR was performed in a 7900HT 

Real-Time PCR System (Applied Biosystems) according to the manufacturer´s suggested 

cycling conditions 50 °C 2 minutes and 95 °C 20 seconds for the initial cycle and 95 °C 1 

second and 60 °C 20 seconds for the following 40 cycles. All samples were measured in 

quadruplicates; cDNA was prepared from 400 ng of total RNA and TaqMan Fast 

Advanced Master Mix (4444963, Applied Biosystems) were used for each assay. The 

data were analyzed using the SDS 2.2 software. Each 384-well plate included a set of 

control reactions quantifying expression of three housekeeping genes HPRT1, ACTB and 

GAPDH. Gene expression values (Ct) were normalized to the expression of housekeeping 

genes present in the card (2−ΔCt). Relative quantification of gene expression was carried 

out with the 2−ΔΔCt method. Final results were expressed as folds of expression medians 

compared with median expression levels in a group of 7 healthy controls; GAPDH was 

used as the housekeeping gene in the statistical analysis of the cohort.  
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3.5  Statistical analysis  

The results of statistical analyses are presented as means and standard 

deviations, medians and ranges or as frequencies, as appropriate. Mann-Whitney test 

and chi-square test were used for comparisons of the medians and frequencies, 

respectively. P value < 0.05 was considered statistically significant throughout all the 

studies. 

The post-liver transplant survival was assessed by Kaplan-Meier analysis, the log-

rank test was used to compare survival between the individual groups, the significance 

in different time points was assessed using confidence intervals.  

 In the study of predictors of treatment response in haemodialysed patients, T-

test or ANOVA with Dunnet´s post hoc test were used for comparisons of the means and 

chi-square test for comparison of frequencies. Logistic regression was used to determine 

significant predictors of SVR. Cutoff points for continuous variables were obtained from 

Receiver Operating Characteristic (ROC) analysis. Statistical analysis was performed 

using the SPSS 13.0 software. 

 Paired Mann-Whitney test was used to compare the PBMC gene expression 

changes at different time points. Logistic regression was used to determine significant 

predictors of SVR. Cutoff points for continuous variables were obtained from ROC 

analysis. Statistical analysis was performed using the R programming language v. 3.2.0 

(www.r-project.org).   

http://www.r-project.org/
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4.  Results and commentary 

At the time of the Ph.D. project preparation and during the first two years of its 

course, double combination of PEG-IFN-α and RBV represented standard-of-care in 

chronic hepatitis C therapy. The treatment with this combination, especially in patients 

infected with genotype 1, was poorly effective and accompanied with severe adverse 

effects. The aim of most scientific teams was to find a reliable predictive factor which 

would identify the individuals in whom the treatment was likely to fail, even before 

therapy initiation. The treatment in these individuals would have been postponed until 

newer, more effective drugs would be available. In 2009, a polymorphism rs12979860 in 

the non-coding region of IL28B gene was identified and turned out to be the most 

reliable pretreatment predictor of SVR achievement. The functional relevance of this 

variant had not been known so far and therefore, eligibility of patients for treatment 

could not be based on IL28B genotype, because even some of IL28B rs12979860 TT 

homozygotes were able to achieve an SVR.  

The first DAAs, boceprevir (BOC) and telaprevir (TVR), representing the first 

generation NS3-4 protease inhibitors, were approved for therapy of HCV infection, 

genotype 1, in Europe in June 2011. The triple combination of PEG-IFN α, RBV and a 

protease inhibitor became standard-of-care in HCV therapy in patients with genotype 1. 

They increased the treatment efficacy. Unfortunately, the triple therapy was 

accompanied by more serious adverse events such as anaemia and skin rash.  

The aim of our project was to identify further host factors which would make, in 

the era of PEG-IFN α-based therapies, the prediction of SVR even more accurate.  

 

4.1  Predictive value of IFNG rs2069707 -764G/C variant in IFNG 

promoter (unpublished data) 

From 2010 to 2011, we gathered genetic samples of 466 patients with chronic 

hepatitis C, genotype 1, treated with PEG-IFN-α and RBV in the past in order to perform 

an allelic association study. In the first 144 patients, we assessed the SVR predictive 

value of the rs2069707 -764C/G variant (named NM_000619.2:c.-893C>G according to 

the recent nomenclature) in the IFNG promoter. Huang et al. (Huang Y. et al., 2007) 
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demonstrated association of the rs2069707 G allele with higher SVR rate. Moreover, the 

authors showed that presence of the allele G increases the transcriptional activity of the 

IFNG gene. Unfortunately, since we observed no statistically significant difference 

between the groups of our Caucasian patients according to their SVR achievement (see 

Table 1), our data did not support the predictive value of this variant. 

 

  
Table 1. Genotype frequencies of IFNG rs2069707 C/G in patients treated for HCV. SVR 
– sustained virological response, non-SVR – non-responders. 

 

4.2 The IL28B rs12979860 CC genotype slows down the progression of 

liver fibrosis in patients with chronic hepatitis C (unpublished data) 

The aim of this study was to assess the IL28B rs12979860 C/T (named IFNL4 

NM_001276254.2:c.151-152G>A according to the most recent nomenclature) genotype 

frequencies in Czech patients with chronic hepatitis C and in healthy individuals and to 

analyse its contribution to the progression of liver fibrosis in hepatitis C. We analysed 

genomic DNA samples of 446 patients with HCV infection who had been treated in three 

outpatient departments in the Czech Republic (Institute for Clinical and Experimental 

Medicine, Central Military Hospital in Prague, General and University Hospital in Plzeň). 

Out of the 466 patients, 69 individuals underwent liver transplantation owing to 

cirrhosis or HCC related to hepatitis C. The sex and age matched pair controls (n = 466) 

were chosen from the cohort of MONICA study (Monitoring of Trends and Determinants 

HCV-infected liver transplant patients 
HCV-infected patients (without history of 

liver transplant) 

SVR (n = 18) 
CC 17 

SVR (n = 54) 
CC 49 

CG 1 CG 5 

Non-SVR (n = 34) 
CC 31 

Non-SVR (n = 38) 
CC 34 

CG 3 CG 4 

P = 0.67 P = 0.86 

Together 
(n = 144) 

SVR (n = 72) CG 6 
p = 0.77 

NR (n = 72) CG 7 
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in Cardiovascular Disease). IL28B rs12979860 genotype was assessed in all 932 samples 

as described above. The results are summarized in Figure 5. 

 

 

Figure 5. IL28B rs12979860 genotype distribution in Czech HCV-infected patients and 
in healthy Czech population controls.  

 

The IL28B rs12979860 CC genotype was significantly less frequent in the group of 

patients with hepatitis C comparing with healthy population controls (p < 0.0001). In the 

group of patients with a history of liver transplant due to HCV infection, the frequency of 

CC genotype was significantly lower than in the group of HCV-infected individuals (p = 

0.012). The presence of the T allele in the allelic model increases the risk of the need for 

liver transplantation (OR 2.29, CI 1.19–4.41). The differences in the CC genotype 

frequency in different groups support the hypothesis that the CC genotype in the locus 

rs12979860 IL28B slows down the progression of liver fibrosis in chronic HCV infection.  

 

4.3 The IFNL4 ss469475590 TT|ΔG genotyping does not improve 

prediction of SVR in HCV-infected Czech patients (unpublished data) 

In 2013, a new member of the interferon lambda gene family was discovered 

(Prokunina-Olsson L. et al., 2013). Moreover, the authors have also shown that in 

European and Hispano Americans the SNP IL28B rs12979860 T/C, which is actually an 
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intronic polymorphism in IL28B/IFNL3, is in almost perfect linkage disequilibrium with 

the coding frame-shift dinucleotide variant IFNL4 ss469415590 TT|ΔG (Prokunina-Olsson 

L. et al., 2013). Since substitution of one G by two Ts causes frame shift and premature 

stop, the discovery also put forward a theory that both spontaneous HCV clearance and 

response to IFN-α therapy is way more likely to happen in carriers of the variant 

ss469415590 ΔG. However, in contrast with what one may expect, this theory was 

wrong. Expression of the "antiviral" IFNL4 is rather a handicap than a favor because 

carriers of the ss469415590 ΔG variant expressing IFNL4 have lower rate of both 

spontaneous and interferon-induced HCV clearance. Expression of ISGs in HCV patients 

carrying the homozygous ss469415590 ΔG allele is higher than in non-homozygotes and 

it does not substantially increase in response to administration of exogenous IFN-α 

(Prokunina-Olsson L. et al., 2013). The explanation of why IFNL4, which the nearest 

homologue of IFNL3, acts as a proviral than an antiviral cytokine still remains to be 

discovered. 

Our aim was to assess the frequency of IFNL4 ss469475590 ΔG|TT variants in the 

group of HCV-infected patients and healthy controls in the Czech Republic, validate their 

linkage with the IL28B rs12979860 T/C alleles and evaluate their impact on SVR 

prediction in comparison with IL28B rs12979860 genotype.  

The cohort of patients included 466 HCV infected individuals and 466 population 

controls as described above. The IL28B rs12979860 locus was genotyped in all 932 

specimens as described in the paragraph 3.2. The IFNL4 ss469475590 locus was 

genotyped by rt-PCR TaqMan assay. Chi-square test was used to assess the significance 

of the differences between allelic frequencies and measures of linkage disequilibrium 

were calculated. The results are summarized in Table 2. 
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Patients 
 

N 
IL28B 

CC 

IFNL4 

TT|TT 

IL28B 
CT 

IFNL4 

TT|∆G 

IL28B 
TT 

IFNL4 

∆G|∆G 

OLTx  
for HCV 

69 
12 

( 17.4%) 
12 

( 17.4%) 
37 

(53.6%) 
37 

(53.6%) 
20 

(29.0%) 
20 

(29.0%) 

Chronic 
HCV 
infection 

397 
129 

(32.5%) 
129 

(32.5%) 
197 

(49.6%) 
197 

(49.6%) 
71 

(17.9%) 
71 

(17.9%) 

Healthy 
controls 

466 
206 

(44.2%) 
205 

(44.0%) 
201 

(43.1%) 
196 

(42.0%) 
59 

(12.7%) 
65 

(14.0%) 

 
Table 2. IL28B rs12979860 and IFNL4 ss469475590 genotype frequencies in HCV-
infected patients and in healthy Czech population controls.  

 
 

 The Table 2 shows that in the HCV-infected individuals, the frequencies of the 

genotypes were 100% corresponding and identical. In the group of healthy population 

controls (n=466) the IFNL4 ss469475590 ∆G|∆G genotype frequency was slightly higher 

than genotype IL28B rs12979860 TT. Reciprocally, the IFNL4 TT|TT and TT|∆G genotype 

frequencies were lower than the frequency of corresponding genotypes IL28B 

rs12979860. However, the r2 value calculated for all 932 assessed samples is 0.98 and 

the difference is therefore considered as statistically non-significant. From the fact that 

the linkage disequilibrium between the IL28B C and IFNL4 T alleles was complete and 

almost perfect in the studied subjects of Czech origin, we conclude that (i) the IFNL4 

genotype is sufficiently represented by the IL28B rs12979860 genotype in Central 

Europeans and (ii) in contrast to the US white population reported by Prokunina-Olsson 

et al. (Prokunina-Olsson L. et al., 2013).  IFNL4 genotyping brings no improvement of SVR 

prediction prior to treatment in Czech HCV patients. 

 

4.4 Predictors of outcome of recurrent HCV in liver transplant recipients 

(Appendices, ref. 1) 

HCV infection represents the most common cause of chronic liver failure and 

indication for OLTx in western countries (Charlton M. et al., 2004). Hepatitis C 
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recurrence in the liver graft is universal in patients who are HCV RNA positive at the time 

of OLTx. The graft reinfection leads to hepatitis C recurrence in the liver graft and its 

course is accelerated owing to immunosuppression when compared with HCV course in 

the immunocompetent hosts. Therefore, the survival of patients after OLTx for HCV is 

worse comparing with other diagnoses, between 61% and 75% at 5 and 10 years after 

transplantation, respectively (Berenguer M. et al., 2002, Forman L.M. et al., 2002, 

Neumann U.P. et al., 2004). Fibrosis progression may be reversed by successful antiviral 

treatment and SVR achievement. SVR achievement is associated with a better survival 

after OLTx (Picciotto F.P. et al., 2007, Roche B. et al., 2008). Many factors have been 

identified to be associated with unfavourable course of HCV recurrence after liver 

transplantation. The most important influence is ascribed to high viraemia at the time of 

transplantation (Charlton M. et al., 1998) and HCV genotype: the unfavourable course is 

associated with genotypes 1b and 4 (Zekry A. et al., 2003, Gane E.J., 2008). Further 

negative prognostic factors are female sex, older donor age, liver graft steatosis, donor 

and recipient non-CC IL28B genotype (Humar A. et al., 2002, Fukuhara T. et al., 2010, 

Charlton M. et al., 2011). Until 2011, the standard of care in treatment of HCV 

recurrence was represented by combination of PEG-IFN-α and RBV. Different authors 

reported SVR achievement in 8–45% (Wang C.S. et al., 2006), with average treatment 

efficacy of 30% (Berenguer M. et al., 2009). A lower efficacy was described in cohorts of 

patients with graft cirrhosis. The most important predictor of SVR was, as well as in non-

transplanted patients, rapid decrease in initial viraemia.  

Since 2011, triple therapy has become a standard-of-care of HCV recurrence. A 

protease inhibitor, BOC or TVR, was added to the combination of PEG-IFN-α and RBV. 

Whereas DAAs significantly increase treatment efficacy in non-transplant patients, in 

liver transplant recipients, efficacy was described only in small cohorts of patients with 

modest results (Coilly A. et al., 2014).  

The aim of the study was to assess long-term survival of HCV patients after OLTx, 

evaluate efficacy of antiviral therapy, host factors determining treatment response, and 

SVR contribution to long-term survival.  

 Patients’ characteristics. We retrospectively analyzed a cohort of 149 patients 

(50 females and 99 males) transplanted owing to liver cirrhosis C from 1995 to 2013, 

from a total of 957 patients who underwent OLTx in the Institute for Clinical and 
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Experimental Medicine (15.6% of indications for OLTx). Their average age was 53 years 

(15–69). All but one patient were infected with the difficult-to-treat genotype 1b 

(148/149). Forty-eight patients had small hepatocellular carcinoma (31/48 known before 

OLTx, 17/48 found in the liver explant), 101 patients had cirrhosis without tumour. 

Eighty-two patients got antiviral treatment, 67 were not treated. The antiviral treatment 

was administered according to current guidelines: until 2002 conventional IFN-α, since 

2002 PEG-IFN-α with RBV. The treatment was initiated at the time when recurrent 

hepatitis C in the liver graft was proved by the liver biopsy.  

HCV patients survival was compared with survival of patients transplanted within 

the same period for any other diagnosis (n = 808) and with a cohort of patients 

transplanted owing to liver cirrhosis other than HCV (n = 680). Note that there was 

partial overlap between the two reference groups. 

 HCV infection recurrence influences posttransplant survival. The survival of 

patients transplanted for HCV was significantly worse than the survival of patients 

transplanted for all other diagnoses (Figure 6): 3 years 79.3%, 5 years 72.5% and 10 

years 62.9% (non-HCV all 88.2%, 85.8% and 78.8 %, p  0.001). The difference was even 

more pronounced when comparing HCV cirrhosis and cirrhosis of other aethiologies 

(non-HCV cirrhotics 89.4%, 87.2% and 79.7%, p  0.001).  

 
Figure 6. Survival of liver transplant recipients according to primary diagnosis. 
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The survival of patients with HCV related HCC (69.0%, 66.6% and 47.0%) was 

worse in comparison with patients without tumour (83.4%, 75.5% and 67.7%, p = 0.06), 

but the difference was not statistically significant (Figure 7).  

 
Figure 7. Survival of HCV liver transplant recipients with and without HCC.  

 

 Successful antiviral therapy has an impact on posttransplant survival. Thirty-

two patients out of 82 treated (39%) achieved an SVR with antiviral treatment with IFN-

α and RBV. The treatment with conventional IFN-α was successful in only one patient 

out of 11 (9%), 31/81 patients (38.3%) achieved an SVR when treated with PEG-IFN-α 

and RBV. The survival of patients who achieved SVR was significantly higher than the 

survival of patients in whom treatment failed (3 years 100% vs. 85.7%, 5 years 92% vs. 

76.9% and 10 years 92% vs. 63.3%, p = 0.0026), Figure 8. The cumulative mortality in the 

group of SVR patients was only 6.25% (2/32). In the group of 117 patients who were not 

treated or in whom treatment failed, 46 died (30.9%). The patients who achieved an SVR 

did not differ significantly from the patients whose treatment was not successful 

regarding age, sex, degree of liver dysfunction (Child-Pugh score and MELD score) at the 

time of OLTx. The worse survival was noted in the group of patients who were not 

indicated to antiviral therapy (63.1%, 58.3% a 47.0%, p  0.001 comparing with the 

curve of SVR patients).  
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Figure 8. Survival of HCV liver transplant recipients according to anti-HCV treatment 
administration and treatment response. 
 

 IL28B rs12979860 genotype as treatment response predictor in liver transplant 

recipients. IL28B genotype was assessed in 67 patients to whom antiviral treatment was 

administered. Only 13 patients (19.4%) had IL28B CC genotype. SVR was achieved in 6 

CC genotype patients and in 19 non-CC patients. Seven out of 13 CC and 35 out of 54 

non-CC patients did not achieved SVR. The difference was not statistically significant (p = 

0.46). The IL28B CC genotype did not predicted treatment outcome in our cohort of 

patients and therefore we did not include these negative data to reference 1. 

 

4.5 Prediction of HCV-treatment response in patients on maintenance 

haemodialysis (Appendices, ref. 2) 

HCV infection antiviral treatment should be considered in all HCV-infected end-

stage renal disease (ESRD) patients because of their increased all-causes mortality when 

on maintenance haemodialysis (Espinosa M. et al., 2001, Butt A.A. et al., 2007). The 10-

year survival of kidney transplant recipients with HCV is also significantly worse 

compared with non-infected patients (Mathurin P. et al., 1999). Despite the negative 

impact of HCV infection on the life expectancy of patients on maintenance 

haemodialysis, most of the patients remain untreated (Goodkin D.A. et al., 2013). The 

reason for treatment deferral is undoubtedly the burden of IFN-α therapy (Roth D. et al., 
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1995, Morales J.M. et al., 1997, Ozdemir B.H. et al., 2006, Martin P., Fabrizi F., 2008). 

Therefore, identification of the subset of easy-to-treat patients with high probability of 

SVR among HCV genotype 1-infected individuals (McHutchison J.G. et al., 2009, 

Thompson A.J. et al., 2010) was important.  

In patients with normal kidney function, IL28B rs12979860 genotype, stage of 

liver fibrosis and low initial HCV RNA levels represent the most reliable pretreatment 

predictors of SVR in PEG-IFN-α and RBV therapy (Manns M.P. et al., 2001, Fried M.W. et 

al., 2002, McHutchison J.G. et al., 2009). The aim of our study was to assess and validate 

reliability of the standard predictive factors in genotype 1 patients with ESRD on 

maintenance haemodialysis.  

Patients’ characteristics and methods. We evaluated 39 kidney transplant 

candidates with ESRD on maintenance haemodialysis, treated for chronic HCV infection 

from January 2004 to October 2012. Detailed patients’ characteristics are provided in 

Table 3.  

All patients were treated for 48 weeks with PEG-IFN-α2a (40 kDa) at a reduced 

dose of 135 μg administered subcutaneously once weekly after a haemodialysis session. 

Twenty-three patients (59%) with haemoglobin level >100 g/l at baseline were 

concurrently treated with RBV at reduced dose. 

The results of ESRD patients were compared with the group of 109 treatment-

naïve Caucasian patients (54 males, 55 females) of average age 46 years, with chronic 

hepatitis C, genotype 1b, having normal kidney function. These patients were treated 

within the same period with once weekly subcutaneously administered PEG-IFN-α2a (40 

kDa) at a standard dose of 180 μg, together with weight-adjusted RBV 1000–1200 mg 

daily, the treatment duration was adjusted according to actual guidelines depending on 

initial viral load and treatment response.  
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Table 3. Clinical and laboratory characteristics of patients.  
 

 

 

 

 

 

 

  

ESRD 
(n = 39) 

Controls  
(n=109) 

P value 

Age 
Median, 
range 

52 (25-69) 46 (17-67) 0.013 

Gender F/M (%) 15/24 (38.5/61.5) 55/54 (50.5/49.5) 0.262 

Fibrosis stage (Metavir 
score)  

F0 N (%) 2 (5.1) 3 (2.8) 

0.072 

F1 N (%) 12 (30.8) 25 (22.9) 

F2 N (%) 6 (15.4) 21 (19.3) 

F3 N (%) 1 (2.6) 21 (19.3) 

F4 N (%) 8 (20.5) 31 (28.4) 

F unknown N (%) 10 (25.6) 8 (7.3) 

BMI Average, SD 24 ± 4.1 25 ± 4.0 0.071 

Type 2 diabetes N (%) 5 (12.8) 12 (11.0) 0.773 

Initial ALT (IU/l) Average, SD 57 ± 54 105 ± 87 < 0.001 

Initial viral load (IU/mL 
x 1000) 

Median, 
(IQR) 

193 (16 – 810) 541 (163–1853) 0.003 

RVR N (%) 20 (52.6) 39 (36.1) 0.074 

EVR N (%) 29 (74.4) 60 (55.0) 0.038 

SVR N (%) 25 (64.1) 55 (50.5) 0.19 

Premature termination 
of treatment 

N (%) 14 (35.9) 44 (40.4) 0.704 

IL28B CC genotype N (%) 11 (28.2) 21 (19.3) 0.262 

IFNL4 TT|TT genotype N (%) 11 (28.9) 21 (19.3) 0.37 

Initial viral load  
< 600,000 IU/mL 

N (%) 28 (71.8) 51 (46.8) 0.009 

History of kidney 
transplant 

N (%) 29 (74.4) NA NA 

Concurrent treatment 
with RBV 

N (%) 23 (59.0) 109 (100.0) < 0.001 
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Results. ESRD patients were significantly older, had lower baseline ALT activity, 

significantly lower initial HCV viral load (IVL) and achieved higher rate of EVR (Table 3). 

The distribution of IL28B rs12979860 genotypes is shown in Table 4 together with IVLs.  

 

 

 

 

 

 

 

 

 

 

 

Table 4. Initial viral load and IL28B rs12979860 genotype in patients grouped according 
to their SVR achievement. IVL, initial viral load; ESRD, end-stage renal disease. *) 
includes one patient with IL28B CT and IFNL4 TT|TT.  

 

The difference between the overall SVR rates in ESRD patients and controls was 

not statistically significant (p = 0.19). Consistent with the published data from general 

population infected with HCV, we confirmed significant association between SVR and 

genetic variants at the linked IL28B rs12979860 and IFNL4 ss469475590 loci in the 

controls, and we also found statistically significant association in the ESRD patients.  

The ESRD patients who achieved SVR showed the lowest baseline IVL (median 

21,000, IQR 6,000–23,000 IU/mL), compared to ESRD individuals without SVR 

(1,680,000, IQR 481,000–6,880,000, p < 0.001), and compared with control group with 

SVR (387,000, IQR 111,000–1,253,000) and without SVR (905,000, IQR 451,000–

3,020,000). The IVL <600,000 IU/mL was strongly associated with SVR: 24/28 (85.7%) 

patients who achieved SVR had viraemia below this threshold (Figure 9).  

 

Patients SVR IVL (IU/mL) 
IL28B rs12979860 genotype - N (%) 

CT or TT CC 

ESRD 

Yes 
< 600,000 14 (58) 10 (42) 

> 600,000 0 (0) 1 (100) 

No 
< 600,000 4 (100) 0 (0) 

> 600,000 10 (100) 0 (0) 

Controls 

Yes 
< 600,000 26 (84) 5 (16) 

> 600,000 10 (42) 14 (58)* 

No 
< 600,000 18 (90) 2 (10) 

> 600,000 33 (97) 1 (3) 
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Figure 9. Initial viral load in the end stage renal disease (ESRD) patients and controls 
grouped according to their IL28B rs12979860 genotype and sustained virological 
response (SVR). ESRD patients had significantly lower IVL than controls (A). IL28B CC 
carriers had significantly lower IVL in the ESRD group, but not in the control group (B). 
Low IVL predicted SVR better in the ESRD group (C) than in controls (D). 
  

 Predictors of SVR. Age, male gender and IL28B/IFNL4 status were significant 

predictors of SVR in the general HCV population whereas only IVL proved to be 

significant predictor of SVR in patients with ESRD. The age was the strongest 

determinant of SVR in controls and IVL in ESRD. In contrast to the control group, IL28B 

and IFNL4 did not prove to be significant determinants of SVR in ESRD patients. Notably, 

IVL was not associated with SVR in control group and IL28B and IFNL4 did not prove to 

be significant determinants of SVR in ESRD patients (Figure 10).  
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Figure 10. Prediction of SVR based on the IL28B genotype, viral load and demographic 
data. Variables presented in Forest plots and sorted by their relative contribution to SVR 
in ESRD and controls. Predicted probabilities calculated in regression analysis for IVL 
were used for constructing receiver ROC for ESRD patients and controls. 

 

4.6 The role of ISG expression in patients with liver cirrhosis treated 

with PEG-IFN-α, RBV and first-generation protease inhibitors 

(Appendices, ref. 3) 

 Since 2011, direct-acting antivirals (DAA) inhibiting the HCV enzymes crucial for 

its replication have entered into clinical practice, administered either together with PEG-
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IFN-α and RBV or in different combinations as interferon-free regimens. Nevertheless, 

IFN-based therapies have remained standard-of-care in many countries and still 

represent a huge proportion of therapies administered worldwide.  

 The DAAs inhibit replication of HCV by targeting specifically the virus replication 

cycle, their mechanism of action is not immune-mediated. The first DAAs, 1st generation 

NS3-4A protease inhibitors, BOC and TVR, must be administered in combination with 

PEG-IFN-α and RBV. This triple therapy is more effective compared with PEG-IFN-α and 

RBV combination, but its efficacy in the patients with advanced fibrosis and cirrhosis is 

unsatisfactory.  

 The aims of our study were to clarify  

1. whether irresponsiveness to interferon-based triple therapy in patients with 

advanced liver disease, i.e. bridging fibrosis and cirrhosis, depends on the 

unfavourable pretreatment ISG expression profile and  

2. whether one can predict SVR achievement based on the pretreatment expression 

levels of ISG, IFNG and IFNLR1 or on the expression variation of these genes 

during the first 12 weeks of therapy.   

 PBMC were used to investigate gene expression because their acquisition was 

considered easier and safer than the acquisition of liver tissue, especially when analysing 

the expression profile in different time points during treatment.  

 Patients and treatment outcomes. Thirty-three patients with advanced liver 

fibrosis (METAVIR score ≥ F3) were treated for chronic hepatitis C in 2 outpatient 

specialty clinics in Prague, Czech Republic, from December 2011 to April 2014. 

Eventually, 26 patients were enrolled in the statistical analysis. Five patients were 

excluded because they were treatment-naïve and were not treated with a protease 

inhibitor, but only with PEG-IFN-α and RBV. Two other patients were excluded from the 

final statistical analysis because they did not comply with the protocol of PBMC harvest 

at the precise time points.  

 The evaluated cohort consisted of 26 patients, 17 males and 9 females, of 

average age of 50 years (range 30–62). All patients were Caucasian infected with 

genotype 1 (24 patients with subtype 1b, 2 patients with subtype 1a) and treatment-

experienced: all had been treated previously at least once with PEG-IFN-α and RBV, 16 

were non-responders and 10 relapsers. The distribution of IL28B rs12979860 genotypes 
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in these patients was as follows: CC 2/26, CT 16/26 and TT 8/26. Pretreatment liver 

biopsy was performed in all patients, out of whom 11 had fibrosis F3 and 15 had fibrosis 

F4 according to the Metavir score. All patients had compensated liver disease.

 Fourteen patients were treated with once-weekly subcutaneously administered 

PEG-IFN-α 2b together with weight-adjusted RBV 1000–1200 mg daily. BOC (total daily 

dose 2400 mg) was added at week 4 after a lead-in phase. Twelve patients were treated 

with once weekly subcutaneously administered PEG-IFN-α 2a together with weight-

adjusted RBV 1000–1200 mg daily and TVR (total daily dose 2250 mg). The anticipated 

treatment duration in both groups was 48 weeks in all patients. Virological futility rules 

were applied at treatment weeks 4, 8 and 12 according to prescribing information of 

both DAAs. HCV RNA was assessed at weeks 4, 8, 12, 24, 36 and 48. SVR was assessed as 

HCV RNA negativity 24 weeks post-treatment. Blood draws for PBMC isolation were 

performed at day 0 and treatment weeks 4, 8 and 12 in both groups.  

 The control group consisted of seven healthy control subjects (2 men, 5 women) 

of mean age of 42 years. The control subjects did not have any history of liver disease 

with normal activity of ALT, negative anti-HCV antibodies and HCV RNA.  

 The overall SVR rate was 69% (18/26), 64% (9/14) in the BOC group and 75% 

(9/12) in the TVR group. Of the 26 treated patients, 8 did not achieve SVR (4 null-

responders, 2 breakthroughs, 2 relapsers). SVR rates according to IL28B genotypes were 

as follows: CC 1/2 (50%), CT 13/16 (81%), TT 4/8 (50%). In the further analysis, all 

patients who did not achieve SVR were assessed as non-SVR group. The routinely used 

pretreatment predictors of SVR did not differ significantly between patients who had 

achieved SVR and those who had not. The data are shown in Table 5.   
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 SVR (n = 18) Non-SVR (n = 8) p 

Males/Females (N) 11/7 6/2 N.S.  

Age, years (Median, 
range) 

50 (30–65) 54,5 (45–62) N.S. 

HCV RNA (IU/mL)  
(Median, IQR)  

2,210,000  
(394,250–4,252,500) 

1,415,000  
(1,154,000–2,607,500) 

N.S. 

HCV genotype (1a/1b) 2/16 0/8 N.S. 

IL28B CC/non-CC 1/17 1/7 N.S. 

TVR/BOC (N) 9/9 3/5 N.S. 

Response to previous 
therapy (REL/NR) 

8/10 1/7 N.S. 

 
Table 5. Characteriscics of the studied patients. TVR, telaprevir; BOC, boceprevir; REL, 
relapse; NR, non-response.  
 
 Initial gene expression. The initial expression of IFNLR1 was decreased in 

comparison with the group of healthy volunteers whereas expression of the remaining 6 

genes was slightly upregulated compared with healthy controls (Figure 11).  

 

 
 
Figure 11. Initial (pretreatment) relative expression of selected ISG, IFNG and IFNLR1 
(fold difference in comparison with healthy controls). 
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The initial expression of IFI27 (2.2x, IQR: 1.7–3.1 vs 8.3x, IQR: 3.5–43.5; p=0.02), 

and USP18 (1.4x, IQR: 0.9–1.8 vs 6.5x, IQR: 2.4–9.7; p = 0.005), was significantly lower in 

the IL28B rs12979860 genotype TT-carriers (8/26) than in CT-carriers (16/26) (Figure 12). 

A significant difference in the initial expression of CXCL9, IFNG and USP18 was found 

between the groups of SVR and non-SVR patients (Table 6, Figure 13). Not surprisingly, 

the initial ISG expression was independent on HCV viral load and patients´ age.  

 

 

Figure 12. Initial expression of IFI27 and USP18 according to IL28B rs12979860 
genotype (fold difference in comparison with healthy controls). 
 
 

Gene 
SVR 

Median (IQR) 
Non-SVR 

Median (IQR) 
Non-SVR/SVR 

ratio 
P 

IFNG 
7.3 

(1.7–32.6) 
0.7 

(0.4–1.3) 
10.80 0.002 

CXCL9 
2.9 

(1.7–12.4) 
1.2 

(0.5–1.8) 
2.20 0.01 

IFNLR1 
1.0 

(0.5–1.4) 
0.8 

(0.6–1.4) 
1.10 0.80 

IFI16 
9.4 

(2.8–62.3) 
20.2 

(6.4–83.9) 
0.49 0.70 

ISG15 
3.0 

(0.8–46.4) 
2.6 

(1.4–4.9) 
1.00 1.00 

IFI27 
6.2 

(3.2–18.4) 
2.6 

(1.7–3.3) 
2.00 0.06 

USP18 
3.7 

(2.1–7.7) 
1.4 

(0.9–1.6) 
0.25 0.03 

 
Table 6. Initial expression of selected genes according to response to therapy, fold 

difference in comparison with healthy controls. SVR, sustained virological response; 

Non-SVR, treatment failure (non-response, relapse, breakthrough).  
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 Course of ISG activation. Expression of all analysed genes was progressively 

increasing during the first 12 weeks of interferon therapy. The gene expression profiles 

are shown in Figures 13 and 14. The course of gene expressions at different time points 

did not correlate with HCV RNA levels. 

 

Figure 13. Course of CXCL9 (A.), IFNG (B.), USP18 (C.), IFI16 (D.), IFI27 (E.) and ISG15 (F.) 
activation during the first 12 weeks of therapy (fold difference in comparison with 
healthy controls). SVR, sustained virological response; Non-SVR, treatment failure (non-
response, relapse, breakthrough).  
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Figure 14. Course of IFNLR1 activation during the first 12 weeks of therapy (fold 
difference in comparison with healthy controls). SVR, sustained virological response; 
Non-SVR, treatment failure (non-response, relapse, breakthrough).  
 

 Prediction of SVR. None of the above-described standard clinical pretreatment 

SVR predictors had predictive value in our group of patients with advanced liver disease 

(Figure 15A). Out of 7 selected genes, the initial expression of USP 18, IFNG and CXCL9 

was found to be a predictor of SVR achievement in univariate analysis (see Table 7 and 

Figure 15B). In multivariate analysis, the initial expression of USP18 remained the only 

predictor of SVR in our cohort (p = 0.047).  
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 Odds ratio 95% CI 

IL28B genotype CT vs TT 4.33 0.68–28.11 

HCV RNA < 600,000 IU/mL 3.50 0.35–35.37 

Age < 50 years 2.40 0.38–15.28 

Sex (Male/Female) 0.52 0.08–3.36 

DAA (BOC vs TVR) 0.60 0.11–3.30 

Metavir score (F3 vs F4) 3.00 0.47–19.04 

Previous treatment 

(REL vs NR) 
5.60 0.57–55.43 

CXCL9 > 2.03 12.00 1.21–118.89 

IFI16 > 14.10 0.73 0.14–3.82 

IFI27 > 4.00 12.00 1.21–118.89 

IFNG > 1.34 10.50 1.50–73.67 

IFNLR1 > 0.90 1.81 0.35–9.24 

ISG15 > 2.80 1.25 0.24–6.63 

USP18 > 1.74 21.00 2.05–215.18 

 
Table 7. Predictive value of pretreatment variables and initial gene expressions (fold 
difference in comparison with healthy controls) for SVR achievement. TVR, telaprevir; 
BOC, boceprevir; REL, relapse; NR, non-response. 
 

  

 
Figure 15. Predictive value of demographic pretreatment variables (A.) and initial gene 
expressions (B.) for SVR achievement in univariate analysis, fold difference in 
comparison with healthy controls. TVR, telaprevir; BOC, boceprevir; REL, relapse; NR, 
non-response.  
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5.    General discussion and future perspectives 
 

The published suggestion to use the IFNG -764G/C promoter variant as a 

predictor of SVR achievement (Huang Y. et al., 2007) was validated by us neither in our 

chronic hepatitis C patients nor in our patients who underwent liver transplantation 

owing to HCV infection. Since no association similar to the Huang’s report (Huang Y. et 

al., 2007)  has ever been published, we believe that other groups came to the same 

results explaining the fact that IFNG -764G/C has never been used as a predictor of SVR 

in clinical practice. 

The differences in the IL28B rs12979860 CC genotype frequencies in the two 

above-described groups of patients and a group of healthy individuals support the 

previously published hypothesis (Barreiro P. et al., 2011, Falleti E. et al., 2011, Charlton 

M.R. et al., 2011) that CC genotype slows down the progression of liver fibrosis in 

chronic HCV infection. Interestingly, the same IL28B genotype has been reported as a 

risk factor for HCC in liver cirrhosis (Fabris C. et al., 2011). Since the presence of liver 

cirrhosis represents the most important risk factor for HCC occurrence (EASL–EORTC 

Clinical Practice Guidelines: Management of hepatocellular carcinoma, 2012), IL28B 

genotyping is important to evaluate the risk of HCC in patients with HCV cirrhosis, 

especially in those patients to whom antiviral treatment should be administrated 

according to the prioritization rules (EASL Clinical Practice Guidelines: management of 

hepatitis C virus infection, 2015).  

Concerning the role of the IFNL4 ss469415590 TT|ΔG genotyping, we have 

shown that it does not improve the prediction of treatment success because of perfect 

and almost complete linkage disequilibrium between the alleles of IFNL4 ss469415590 

and IL28B rs12979860 loci in Czech Caucasian population. Therefore, IL28B genotype 

assessment remained the only host genetic predictor of SVR used in routine clinical 

practice in the IFN-α-based therapy era (EASL Clinical Practice Guidelines: management 

of hepatitis C virus infection, 2011).  

The overall survival of patients transplanted for HCV was comparable with the 

results published by the European Liver Transplant Registry (Adam R. et al., 2012). 

Nonetheless, the results of our retrospective analysis clearly show the beneficial effect 

of SVR achievement on long-term survival in patients indicated for OLTx for HCV 
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infection. Somewhat worse survival was noted in the group of patients to whom the 

antiviral was not administered.  

SVR in 38% of the treated patients represents an excellent result considering the 

fact that they were all treated with combination of PEG-IFN-α and RBV and infected with 

a difficult-to-treat HCV genotype 1b. No significant treatment-response predictor was 

identified in this group: the patients who achieved SVR did not differ significantly in age, 

gender, stage of liver graft fibrosis, or the degree of liver dysfunction at the time of 

OLTx. Unfortunately, we were not able to assess the most important predictors of 

response to therapy: pretreatment viraemia and rapid and early virological response 

achievement. The viraemia was assessed by a method corresponding to the period 

during which the patients had been treated: only qualitative HCV RNA results were 

available before the year 2002. IL28B rs12979860 genotype did not turn out to be a 

reliable predictor of response.  

In patients with chronic kidney failure on maintenance haemodialysis, we 

demonstrated that low IVL (HCV RNA < 600,000 IU/ml) is the best predictor of successful 

treatment of HCV with PEG-IFN-α and RBV, whereas the importance of the IL28B and 

IFNL4 variants is supressed in contrast with patients with normal kidney function. The 

knowledge of the link between the low IVL and high chance of treatment success 

discovered in our study helped us to motivate the patients in their decision to initiate 

the IFN-based therapy and continue in case of severe adverse effects. The high 

percentage of individuals with low viraemia among HCV-infected haemodialysed 

patients had already been reported (Furusyo N. et al., 2000, Mizuno M. et al., 2002). The 

phenomenon was ascribed to adsorbtion of the virus on the haemodialysis membrane 

or to the fluctuations of IFN levels caused by haemodialysis session. We believe that the 

low IVL may reflect the spontaneous effort of the immune system to clear HCV infection 

in the IL28B CC genotype carriers (carriers of IL28B CC had the lowest viraemia on 

average) and administration of PEG-IFN-α promotes completion of the virus clearance 

process.  

Finally, we assessed the predictors of SVR in treatment of HCV infection with the 

PEG-IFN-α-based regimens in patients with advanced liver disease, septal fibrosis or 

cirrhosis. We investigated the expression of selected genes (CXCL9, IFI16, IFI27, IFNG, 

ISG15, USP18, IFNLR1) in PBMC in patients infected with genotype 1 who were treated 
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with PEG-IFN-α, RBV and BOC or TVR. We proved that addition of a first generation 

protease inhibitor cannot increase the activity of ISGs in PBMC, which is crucial for SVR 

achievement, especially in patients who have advanced liver disease or who did not 

succeed in previous course of anti-HCV therapy. We proved that the probability of SVR 

achievement depends on the initial expression of USP18 and on increase of its 

expression during the first 12 weeks of therapy. These results clarify the low efficacy of 

triple therapy with a first generation protease inhibitor in specific groups of patients, i.e. 

cirrhotics.  

Our results were confirmed by a phase III clinical study (Sperl J. et al., 2016) 

assessing the efficacy of the triple combination of PEG-IFN-α, RBV and sofosbuvir in 

treatment of HCV patients, including nullresponders and cirrhotics. Even the addition of 

a more potent drug, the RdRp inhibitor sofosbuvir, did not break through the 

irresponsiveness to PEG-IFN-α in patients with advanced disease and previous 

nullresponse.   

The IFN-free regimens, available from 2015, are based on administration of two 

or more DAAs, which act directly in key steps of the viral replication cycle. The treatment 

combination is administered for only 12 or 24 weeks, with or without RBV and we are 

able to cure HCV infection in more than 95% of infected patients. The treatment efficacy 

is not compromised by advanced liver disease or even in decompensated cirrhosis. 

These therapies may be safely used in immunosuppressed patients as well as in patients 

on maintenance haemodialysis. 

In 2017, IFN-based therapies are still being used because of only limited 

availability of IFN-free regimens in the Czech Republic. The assessment of predictive 

factors of SVR is therefore very important so that we can reliably select individuals with 

a poor probability to achieve SVR and prevent adverse events related to IFN therapy, 

especially in patients with cirrhosis.  

The treatment efficacy of the IFN-free regimens is no more based on the host 

factors, more than 95% of patients achieve SVR. Nowadays, factors such as baseline viral 

load and suboptimal interaction of the DAA with the target based on viral variants 

represent the predictors of SVR achievement (Sarrazin C., 2016). Heterogenity within 

NS3, NS5A and NS5B areas interacting with DAAs exist between HCV genotypes and 

subtypes as well as HCV isolates of the same geno- and subtype and amino acid 
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polymorphisms associated with suboptimal efficacy are termed resistance associated 

substitutions (RAS). RASs are nowadays, apart from patient’s noncompliance, the most 

common cause of IFN-free treatment failure. In the IFN-free era, RAS testing, based on 

DNA sequencing technologies, will represent an important tool to achieve an optimal 

SVR rate, especially in difficult-to-treat patients. The deep sequencing technologies 

show reliable detection of RASs with a frequency lower than 0.5–1% (Dietz J. et al., 

2013) and allow then to choose the best therapeutic option for the patient. 
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6.    Summary of results / Souhrn výsledků  

6.1   Summary of results 

 

1. The IFNG -764G/C promoter variant did not predict SVR achievement in Czech 

HCV-infected individuals.  

2. We confirmed that the IL28B rs12979860 CC genotype slows down the 

progression of liver fibrosis in chronic HCV infection.  

3. IFNL4 ss469415590 TT|ΔG genotyping does not bring a better prediction of 

treatment success than rs12979860 IL28B in the Czech HCV population. 

4. In patients indicated for OLTx for HCV infection, L28B genotype was not a reliable 

predictor of treatment outcome.  

5. In the patients on maintenance haemodialysis, the low pretreatment viral load 

(HCV RNA < 600,000 IU/ml) is the best predictor of successful treatment of HCV 

with PEG-IFN-α and RBV.  

6. We proved that the expression of selected genes (CXCL9, IFI16, IFI27, IFNG, 

ISG15, USP18) in the PBMC in patients infected with genotype 1 and advanced 

liver disease treated by PEG-IFN-α, RBV and a first generation protease inhibitor 

is increased and determines the capacity of the patient to eliminate HCV 

infection. The treated patients who achieved SVR had a significantly higher 

expression of ISGs in PMBCs in comparison with non-responders. The virus 

elimination was accompanied by increase of expression of USP18 gene in the first 

12 weeks of therapy. The pretreatment expression of USP18 and its expression at 

week 12 of therapy turned out to be the best pretreatment predictive factor of 

SVR achievement by triple therapy.  
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6.2     Souhrn výsledků  

 

1. Varianta -764G/C v promotoru IFNG nepredikuje dosažení SVR u českých 

pacientů s HCV infekcí. 

2. Potvrdili jsme, že genotyp CC v lokusu rs12979860 IL28B zpomaluje progresi 

fibrózy jater u nemocných s chronickou HCV infekcí.  

3. Genotypizace IFNL4 ss469415590 TT|ΔG nepřináší přesnější predikci dosažení 

SVR u českých pacientů s HCV ve srovnání s genotypizací IL28B rs12979860.  

4. U pacientů indikovaných k OLTx pro HCV infekci jsme nenalezli žádný faktor, 

který by predikoval dosažení SVR, ani genotyp IL28B nebyl spolehlivým 

prediktorem úspěšné léčby. Prokázali jsme však jednoznačný pozitivní vliv 

dosažení SVR na dlouhodobé přežití. 

5. U pacientů s chronickým selháním ledvin, pravidelně dialyzovaných, byla nízká 

virémie před léčbou (HCV RNA < 600000 IU/ml) nejlepším prediktorem úspěšné 

léčby HCV PEG-IFN-α a RBV. 

6. Prokázali jsme, že exprese vybraných genů (CXCL9, IFI16, IFI27, IFNG, USP18) v 

PBMC u pacientů s HCV infikovaných genotypem 1 a pokročilým jaterním 

onemocněním je zvýšena a určuje schopnost pacienta eliminovat HCV infekci 

při léčbě trojkombinací. Pacienti, kteří léčbou eliminovali infekci, měli 

signifikantně vyšší expresi ISG v PBMC ve srovnání s pacienty, kteří na léčbu 

neodpověděli. Eliminace viru byla provázena zvýšením exprese USP18 v prvních 

12 týdnech léčby. Exprese USP18 před léčbou a v týdnu 12 léčby představovaly 

nejlepší prediktor dosažení SVR trojkombinací PEG-IFN-α, RBV a proteázový 

inhibitor 1. generace. 

  



63 
 

7.    List of selected publications and presentations  
 

Publications in extenso related to the topic of the Ph.D. thesis 

1. Šperl J, Fraňková S, Trunečka P. Transplantace jater pro hepatitidu C, význam 
protivirové léčby. Gastroenterologie a hepatologie 2013; 67(5): 407-412.  

2. Šperl J, Fraňková S, Šenkeříková R, Neřoldová M, Hejda V, Volfová M, Merta D, 
Viklický O, Špičák J, Jirsa M. Relevance of low viral load in hemodialysed 
patients with chronic hepatitis C virus infection. World J Gastroenterol 2015; 
21(18): 5496-5504. IF: 2,369, cited 1x. 

3. Fraňková S, Jirsa M, Merta D, Neřoldová M, Urbánek P, Šenkeříková R, Špičák J, 
Šperl J. USP18 downregulation in peripheral blood mononuclear cells predicts 
non-response to interferon-based triple therapy in patients with chronic 
hepatitis C, genotype 1: a pilot study. Therapeutics and Clinical Risk 
Management 2015; 11:1853-1861. IF: 1,903, cited 1x. 
 

Publications not directly related to the topic of the Ph.D. thesis 

1. Busk TM, Møller S, Pedersen EB, Gerbes A, Krag A, Peck-Radosavljevic M, 
Frankova S, Coenraad MJ, Bendtsen F. Aquaporin-2 Excretion in Hospitalized 
Patients with Cirrhosis: Relation to Development of Renal Insufficiency and 
Mortality. J Gastroenterol Hepatol. 2016, Nov 7. doi: 10.1111/jgh.13641. IF: 
3,322. 

2. Tauchenová L, Křížová B, Kubánek M, Fraňková S, Melenovský V, Tintěra J, 
Kautznerová D, Malušková J, Jirsa M, Kautzner J. Successful treatment of iron-
overload cardiomyopathy in hereditary hemochromatosis with deferoxamine 
and deferiprone: a case report. Canadian Journal of Cardiology 2016, Dec; 
32(12): 1574.e1-1574.e3. IF: 3,112 

3. Fraňková S, Urbánek P, Šperl J, Husa P, Rychlík I, Dusilová Sulková S, Tesař V, 
Viklický O. Diagnostický a terapeutický postup chronické infekce virem 
hepatitidy C u pacientů s onemocněním ledvin.  Aktuality v nefrologii 2016; 
22(2): 63-65.  

4. Urbánek P, Husa P, Šperl J, Fraňková S, Plíšek S, Rožnovský L, Kümpel P. 
Standardní diagnostický a terapeutický postup chronické infekce virem 
hepatitidy C (HCV). Gastroenterologie a hepatologie 2015; 69(5): 455-472.  

5. Sticová E, Lodererová A, van de Steeg E, Fraňková S, Kollár M, Lánská V, Kotalová 
R, Dědič T, Schinkel AH, Jirsa M. Down-regulation of OATP1B proteins correlates 
with hyperbilirubinemia in advanced cholestasis. Int J Clin Exp Pathol. 2015 May 
1;8(5): 5252-62. IF: 1,891, cited 1x. 

6. Neřoldová M, Fraňková S, Stránecký V, Honsová E, Lukšan O, Michalová K, Kmoch 
S, Jirsa M. Hereditary haemochromatosis caused by homozygous HJV mutation 
evolved through paternal disomy. Clinical genetics. 2015, 87(1), 96-98. IF 3,931.  

7. Šenkeříková R, Fraňková S, Šperl J, Špičák J. Spontánní bakteriální peritonitida. 
Vnitřní lékařství 2015; 61(2), 134-140.  

8. Fraňková S, Šperl J. Současná farmakoterapie virových hepatitid. Lékařské listy 
2014; 63(6), 19-23.  

https://www.ncbi.nlm.nih.gov/pubmed/28092112
https://www.ncbi.nlm.nih.gov/pubmed/28092112
https://www.ncbi.nlm.nih.gov/pubmed/28092112
http://www.ncbi.nlm.nih.gov/pubmed/25729815
http://www.ncbi.nlm.nih.gov/pubmed/25729815
http://www.ncbi.nlm.nih.gov/pubmed/25729815
http://www.ncbi.nlm.nih.gov/pubmed/25729815


64 
 

9. Bruggmann P, Berg T, Øvrehus AL, Moreno C, Brandão Mello CE, Roudot-
Thoraval F, Marinho RT, Sherman M, Ryder SD, Sperl J, Akarca U, Balık I, Bihl F, 
Bilodeau M, Blasco AJ, Buti M, Calinas F, Calleja JL, Cheinquer H, Christensen PB, 
Clausen M, Coelho HS, Cornberg M, Cramp ME, Dore GJ, Doss W, Duberg AS, El-
Sayed MH, Ergör G, Esmat G, Estes C, Falconer K, Félix J, Ferraz ML, Ferreira PR, 
Fraňková S, García-Samaniego J, Gerstoft J, Giria JA, Gonçales FL Jr, Gower E, 
Gschwantler M, Guimarães Pessôa M, Hézode C, Hofer H, Husa P, Idilman R, 
Kåberg M, Kaita KD, Kautz A, Kaymakoglu S, Krajden M, Krarup H, Laleman W, 
Lavanchy D, Lázaro P, Marotta P, Mauss S, Mendes Correa MC, Müllhaupt B, 
Myers RP, Negro F, Nemecek V, Örmeci N, Parkes J, Peltekian KM, Ramji A, Razavi 
H, Reis N, Roberts SK, Rosenberg WM, Sarmento-Castro R, Sarrazin C, Semela D, 
Shiha GE, Sievert W, Stärkel P, Stauber RE, Thompson AJ, Urbanek P, van Thiel I, 
Van Vlierberghe H, Vandijck D, Vogel W, Waked I, Wedemeyer H, Weis N, 
Wiegand J, Yosry A, Zekry A, Van Damme P, Aleman S, Hindman SJ.Historical 
epidemiology of hepatitis C virus (HCV) in selected countries. Journal of viral 
hepatitis 2014, 21(suppl. 1), 5-33. IF: 3,909, cited 72x. 

10. Razavi H, Waked I, Sarrazin C, Myers RP, Idilman R, Calinas F, Vogel W, Mendes 
Correa MC, Hézode C, Lázaro P, Akarca U, Aleman S, Balık I, Berg T, Bihl F, 
Bilodeau M, Blasco AJ, Brandão Mello CE, Bruggmann P, Buti M, Calleja JL, 
Cheinquer H, Christensen PB, Clausen M, Coelho HS, Cramp ME, Dore GJ, Doss 
W, Duberg AS, El-Sayed MH, Ergör G, Esmat G, Falconer K, Félix J, Ferraz ML, 
Ferreira PR, Fraňková S, García-Samaniego J, Gerstoft J, Giria JA, Gonçales FL Jr, 
Gower E, Gschwantler M, Guimarães Pessôa M, Hindman SJ, Hofer H, Husa P, 
Kåberg M, Kaita KD, Kautz A, Kaymakoglu S, Krajden M, Krarup H, Laleman W, 
Lavanchy D, Marinho RT, Marotta P, Mauss S, Moreno C, Murphy K, Negro F, 
Nemecek V, Örmeci N, Øvrehus AL, Parkes J, Pasini K, Peltekian KM, Ramji A, Reis 
N, Roberts SK, Rosenberg WM, Roudot-Thoraval F, Ryder SD, Sarmento-Castro R, 
Semela D, Sherman M, Shiha GE, Sievert W, Sperl J, Stärkel P, Stauber RE, 
Thompson AJ, Urbanek P, Van Damme P, van Thiel I, Van Vlierberghe H, Vandijck 
D, Wedemeyer H, Weis N, Wiegand J, Yosry A, Zekry A, Cornberg M, Müllhaupt B, 
Estes C.The present and future disease burden of hepatitis C virus (HCV) 
infection with today's treatment paradigm. Journal of viral hepatitis. 2014, 
21(Supplement 1), 34-59. IF: 3,909, cited 117x. 

11. Wedemeyer H, Duberg AS, Buti M, Rosenberg WM, Fraňková S, Esmat G, Örmeci 
N, Van Vlierberghe H, Gschwantler M, Akarca U, Aleman S, Balık I, Berg T, Bihl F, 
Bilodeau M, Blasco AJ, Brandão Mello CE, Bruggmann P, Calinas F, Calleja JL, 
Cheinquer H, Christensen PB, Clausen M, Coelho HS, Cornberg M, Cramp ME, 
Dore GJ, Doss W, El-Sayed MH, Ergör G, Estes C, Falconer K, Félix J, Ferraz ML, 
Ferreira PR, García-Samaniego J, Gerstoft J, Giria JA, Gonçales FL Jr, Guimarães 
Pessôa M, Hézode C, Hindman SJ, Hofer H, Husa P, Idilman R, Kåberg M, Kaita KD, 
Kautz A, Kaymakoglu S, Krajden M, Krarup H, Laleman W, Lavanchy D, Lázaro P, 
Marinho RT, Marotta P, Mauss S, Mendes Correa MC, Moreno C, Müllhaupt B, 
Myers RP, Nemecek V, Øvrehus AL, Parkes J, Peltekian KM, Ramji A, Razavi H, 
Reis N, Roberts SK, Roudot-Thoraval F, Ryder SD, Sarmento-Castro R, Sarrazin C, 
Semela D, Sherman M, Shiha GE, Sperl J, Stärkel P, Stauber RE, Thompson AJ, 
Urbanek P, Van Damme P, van Thiel I, Vandijck D, Vogel W, Waked I, Weis N, 
Wiegand J, Yosry A, Zekry A, Negro F, Sievert W, Gower E. Strategies to manage 



65 
 

hepatitis C virus (HCV) disease burden. Journal of viral hepatitis. 2014, 21(suppl. 
s1), 60-89. IF: 3,909, cited 74x.  

12. Šenkeříková R, Fraňková S, Šperl J, Oliverius M, Froněk J, Kieslichová E, Filipová H, 
Kautznerová D, Honsová E, Trunečka P, Špičák J. Transplantace jater pro 
hepatocelulární karcinom, dlouhodobé přežití a faktory ovlivňující rekurenci 
tumoru (zkušenosti jednoho centra). Gastroenterologie a hepatologie. 2014; 
68(2), 139-145. 

13. Šenkeříková R, Fraňková S, Šperl J, Oliverius M, Kieslichová E, Filipová H, 
Kautznerová D, Honsová E, Trunečka P, Špičák J. Incidental hepatocellular 
carcinoma: risk factors and long-term outcome after liver transplantation. 
Transplantation Proceedings. 2014; 46(5), 1426-1429. IF: 0,982, cited 6x.  

14. Šenkeříková R, De Mare-Bredemaijer E, Fraňková S, Roelen D, Visseren T, 
Trunečka P, Špičák J, Metselaar H, Jirsa M, Kwekkeboom J, Šperl J. Genetic 
variation in TNFA predicts protection from severe bacterial infections in patients 
with end-stage liver disease awaiting liver transplantation. Journal of Hepatology 
2014; 60(4), 773-781. IF: 11,336.  

15. Fraňková S. Management nežádoucích účinků při léčbě HCV infekce 
telaprevirem. Acta medicinae. 2013; 2(Kazuistiky), 28-31.  

16. Kieslichová E, Ročeň M, Fraňková S. Vývoj postupů v léčbě akutního selhání 
jater. Gastroenterologie a hepatologie 2013; 67(5), 426-430.  

17. Šperl J, Fraňková S, Kieslichová E, Oliverius M, Janoušek L, Honsová E, Trunečka P, 
Špičák J. Urgent Liver Transplantation for Chemotherapy-Induced HBV 
Reactivation: A Suitable Option in Patients Recently Treated for Malignant 
lymphoma. Transplantation Proceedings 2013; 45(7), 2834-2837. IF: 0,984, cited 
4x. 

18. Šperl J, Fraňková S, Špičák J, Viklický O. Further evidence of the benefits 
associated with antiviral treatment in kidney allograft recipients with chronic 
hepatitis B virus infection. Journal of Hepatology 2013; 58(4), 833-835. IF: 
10,401, cited 1x. 

19. Trunečka P, Froněk J, Janoušek L, Oliverius M, Kučera M, Kieslichová E, Ročeň M, 
Špičák J, Šperl J, Gottfriedová H, Fraňková S, Drastich P, Hejlová I, Pokorná E, 
Honsová E, Peregrin J, Lánská V, Hačkajlo D, Janečková L, Herman A. Prvních 1 
000 transplantací jater v IKEM. Gastroenterologie a hepatologie 2013; 67(5), 
399-406.  

20. Černá M, Thomas R, Koecher M, Peregrin J, Válek J, Havlík R, Fraňková S, Kozák J, 
Pánek J, Zapletalová J, Bílková A. Manometric perfusion test in biliary strictures 
treatment. Hepato-gastroenterology 2012; 59(117), 1354-1358. IF: 0,774.  

21. Fraňková S, Honsová E, Šperl J. Renální komplikace chronické hepatitidy B - 
kasuistika. Medical Tribune 2012; 8(14). 

22. Fraňková S. Současné možnosti léčby chronické hepatitidy C. Lékařské listy 
2012; 2012(5), 9-10.  

23. Fraňková S. Diagnostika a léčba ascitu. Lékařské listy 2012; 2012(1), 23-25. 
24. Fraňková S. Boceprevir. Remedia. 2012; 22(6), 371-376.  
25. Kieslichová E, Ročeň M, Merta D, Prchlík M, Fraňková S. Infekce u dětského 

příjemce transplantace jater v perioperačním období. Medical Tribune 2012; 8, 
C1-C2. 



66 
 

26. Cornberg M, Razavi HA, Alberti A, Bernasconi E, Buti M, Cooper C, Dalgard O, 
Dillion JF, Flisiak R, Forns X, Fraňková S, Goldis A, Goulis I, Halota W, Hunyady B, 
Lagging M, Largen A, Makara M, Manolakopoulos S, Marcellin P, Marinho RT, Pol 
S, Poynard T, Puoti M, Sagalova O, Sibbel S, Simon K, Wallace C, Young K, 
Yurdaydin C, Zuckerman E, Negro F, Zeuzem S. Systematic review of hepatitis C 
virus epidemiology in Europe, Canada and Israel. Liver international 2011; 
31(suppl.), 30-60. IF: 3,824, cited 207x. 

27. Peková S, Vydra J, Kabíčková A, Fraňková S, Haugvicová R, Mazal O, Čmejla R, 
Hardekopf DW, Jančušková T, Kozák T. Candidatus Neoehrlichia mikurensis 
infection identified in 2 hematooncologic patients: benefit of molecular 
techniques for rare pathogen detection. Diagnostic microbiology and infectious 
disease 2011; 69(3), 266-270. IF: 2,528, cited 34x. 

28. Píza P, Ročeň M, Fraňková S, Kieslichová E. Intraoseální přístup do cévního 
řečiště při transplantaci jater. Anesteziologie a intenzivní medicína 2011; 22(3), 
146-148. 

29. Honsová E, Lodererová A, Fraňková S, Oliverius M, Trunečka P. Glypican-3 
immunostaining significantly improves histological diagnosis of hepatocellular 
carcinoma. Časopis lékařů českých 2011; 150(1), 37-40.  

30. Kieslichová E, Ročeň M, Fraňková S, Trunečka P. Akutní selhání jater: současná 
doporučení. Časopis lékařů českých 2011; 150(1), 24-30.  

31. Trunečka P, Adamec M, Špičák J, Honsová E, Kieslichová E, Lánská V, Peregrin J, 
Kučera M, Janoušek L, Oliverius M, Drastich P, Ročeň M, Danč R, Gottfriedová H, 
Fraňková S, Šperl J, Pokorná E, Vítko Š, Malý J. Výsledky dlouhodobého sledování 
prvních 500 pacientů po transplantaci jater provedených v Institutu klinické a 
experimentální medicíny v Praze. Časopis lékařů českých 2011; 150(1), 60-67.  

32. Fraňková S. Nealkoholická steatohepatitida. Lékařské listy 2010; 59(11), 14-15.  
33. Fraňková S, Šperl J, Špičák J. Léčba revmatoidní atritidy a játra. Česká 

revmatologie 2010; 18(3), 112-118.  
34. Šperl J, Fraňková S, Špičák J. Problematika virových hepatitid u 

imunosuprimovaných pacientů. Klinická mikrobiologie a infekční lékařství 2010; 
16(4), 120-123. IF: 0,12. 

35. Šperl J, Procházková J, Martásek P, Subhanová I, Fraňková S, Trunečka P, Jirsa M. 
N-Acetyl Cysteine Averted Liver Transplantation in a Patient with Liver Failure 
caused by Erythropoietic Protoporphyria. Liver Transplantation, 2009; 15(3), 
352-354. IF: 3,724, cited 7x. 

 

Author´s presentations related to the topic of the Ph.D. thesis 

Oral presentations 

1. Fraňková S, Jirsa M, Urbánek P, Neřoldová M, Merta D, Špičák J, Šperl J. Predikce 
dosažení SVR v léčbě HCV infekce kombinací s boceprevirem nebo telaprevirem 
na základě exprese interferon-senzitivních genů. XLIII. májové hepatologické 
dny, Karlovy Vary, 27.–29. 5. 2015. 

2. Fraňková S, Neřoldová M, Šenkeříková R, Hejda V, Urbánek P, Hubáček JA, Špičák 
J, Jirsa M, Šperl J. Vyšetření varianty ss469475590 ΔG|TT IFNL4 nezlepší predikci 



67 
 

dosažení setrvalé virologické odpovědi u HCV infikovaných pacientů v České 
republice. XLII. májové hepatologické dny, Karlovy Vary, 28.–30. 5. 2014. 

3. Fraňková S. Význam vyšetření genotypu IL28B v léčbě HCV infekce. Conference 
„Rutinní analýza nukleových kyselin“, Pardubice, January 2014.  

4. Šperl J, Fraňková S, Šenkeříková R, Lánská V, Špičák J, Trunečka P. Transplantace 
jater pro chronickou hepatitidu C, význam protivirové léčby. 5. kongres České 
gastroenterologické společnosti. Karlovy Vary, 7.–9. 11. 2013.  

5. Šperl J, Fraňková S, Hejda V, Jirsa M, Merta D, Bartáková R, Trunečka P, Špičák J, 
Viklický O. Prediktivní faktory úspěšné léčby HCV u hemodialyzovaných 
pacientů infikovaných genotypem 1. XLI. májové hepatologické dny, Karlovy 
Vary, 15.–17. 5. 2013. 

6. Fraňková S, Bartáková R, Hejda V, Urbánek P, Husová L, Hubáček J A, Lánská V, 
Trunečka P, Špičák J, Jirsa M, Šperl J. Genotyp CC v lokusu rs12979860 IL28B 
zpomaluje progresi jaterního onemocnění u HCV infikovaných pacientů. XL. 
májové hepatologické dny 2012, Karlovy Vary, 16.–18. 5. 2012. 

7. Fraňková S. Faktory ovlivňující efekt protivirové terapie HCV infekce. Autumn 
monothematic conference ČHS: Aktuality v léčbě pacientů s chronickou 
hepatitidou C. Praha, 26. 11. 2011.  
 

Posters 

1. Fraňková S, Jirsa M, Šenkeříková R, Neřoldová M, Hejda V, Volfová M, Merta D, 
Viklický O, Špičák J, Šperl J. Low viraemia in HCV-infected haemodialysed 
patients depends on IL28B genotype. The International Liver Congress, 50th 
Annual Meeting of EASL, Vienna, Austria, 22.–26. 4. 2015.  

2. Fraňková S, Jirsa M, Neřoldová M, Šenkeříková R, Urbánek P, Hejda V, Hubáček 
JA, Špičák J, Šperl J. The IFNL4 ΔG|TT genotyping does not improve prediction of 
SVR in HCV-infected patients in the Czech Republic. Viral Hepatitis Congress 
2014, Frankfurt, Germay, 9.–11. 10. 2014.  

3. Šperl J, Fraňková S, Hejda V, Volfová M, Jirsa M, Merta D, Bartáková R, Viklický O, 
Špičák J. Low initial viremia predicts SVR to a similar extent as the IL28B 
genotype in hemodialysed patients with HCV infection, genotype 1. The 
American Association for the Study of Liver Diseases Liver Meeting (AASLD 2013), 
Washington, USA, 1.–5. 11. 2013.  

4. Šperl J, Fraňková S, Hejda V, Jirsa M, Merta D, Bartáková R, Trunečka P, Viklický 
O, Špičák J. Low viraemia is the most important predictive factor of sustained 
virological response in patients on maintenance haemodialysis treated for HCV 
infection, genotype 1. The 1st World Congress on Controversies in 
Gastroenterology, Berlin, Germany, 13.–15. 6. 2013.  

5. Fraňková S, Bartáková R, Jirsa M, Hejda V, Urbánek P, Merta D, Špičák J, Trunečka 
P, Šperl J. CC genotype of rs12979860 IL28B moderated progression of liver 
fibrosis in HCV-infected patients. The International Liver Congress, 48th Annual 
Meeting of EASL, Amsterdam, The Netherlands, 24.–28. 4. 2013. 

6. Fraňková S, Bartáková R, Hejda V, Urbánek P, Hubáček JA, Lánská V, Trunečka P, 
Špičák J, Jirsa M, Šperl J. CC genotype in rs12979860 IL28B polymorphism can 



68 
 

prevent progression of liver fibrosis in HCV-infected patients. Prague 
Hepatology Meeting 2012, Praha, 20.–22. 9. 2012.  

 

Author´s presentations not directly related to the topic of the Ph.D. thesis 

Oral presentations 

1. Fraňková S, Tóthová M, Šenkeříková R, Viklický O, Merta D, Špičák J, Šperl J. 
Bezinterferonová léčba HCV infekce u kandidátů transplantace ledviny – první 
zkušenosti. XLIV. májové hepatologické dny, Karlovy Vary, 25.–27. 5. 2016. 

2. Šenkeříková R, Fraňková S, Oliverius M, Kieslichová E, Sticová E, Trunečka P, 
Špičák J, Jirsa M, Šperl J. Genetické faktory vzniku hepatocelulárního karcinomu 
v jaterní cirhóze. XLIV. májové hepatologické dny, Karlovy Vary, 25.–27. 5. 2016.  

3. Chmelová K, Fraňková S, Sticová E, Špičák J, Trunečka P, Šperl J. 
Leukocytoklastická vaskulitida jako extrahepatální manifestace chronické 
hepatitidy C. XLIV. májové hepatologické dny, Karlovy Vary, 25.–27. 5. 2016. 

4. Fraňková S. Mechanismy eliminace HCV. Conference Chronické hepatitidy v roce 
2016, Praha, April 2015.  

5. Šperl J, Fraňková S. Transplantace jater pro HCV v roce 2016. Conference 
Aktuální gastorenterologie XXXI, Praha, April 2016.  

6. Fraňková S. Dlouhodobý přínos úspěšné léčby HCV. Conference Nová éra léčby 
virových hepatitid, Praha, April 2016.  

7. Fraňková S, Tóthová M, Šenkeříková R, Viklický O, Merta D, Špičák J, Šperl J. 
Bezinterferonová léčba HCV infekce u kandidátů transplantace ledviny – první 
zkušenosti. I. kongres Společnosti pro orgánové transplantace ČSL JEP, 
Špindlerův Mlýn, 31.3. – 2.4.2016. 

8. Fraňková S. Léčba non-1 genotypů HCV. Conference Chronické hepatitidy v roce 
2015, Praha, May 2015.  

9. Fraňková S. Léčba HCV infekce po transplantaci jater. Conference Nová éra léčby 
virových hepatitid, Praha, March 2015.  

10. Fraňková S. Hepatitida C, cirhóza a transplantace jater. 13. vzdělávací a diskuzní 
gastroenterologické dny, Karlovy Vary, 4.–6. 12. 2014.  

11. Fraňková S. Léčba HCV u cirhotiků. Podzimní pracovní den ČHS ČSL JEP, Praha, 
November 2014.  

12. Fraňková S. Management of HCV in patients before and after liver 
transplantation. European Young Hepatologist Workshop, Bendor, Francie, July 
2014.  

13. Fraňková S, Šperl J, Němeček V, Husa P, Urbánek P, Razavi H, Gower E. 
Epidemiologický model HCV infekce v ČR. XLII. májové hepatologické dny, 
Karlovy Vary, 28.–30. 5. 2014.  

14. Fraňková S. Léčba hepatitidy C u pacientů s ESLD a po transplantaci jater. IV. 
Štiavnické sympozium – portálna hypertenzia v praxi, February 2014.  

15. Šperl J, Fraňková S, Trunečka P, Viklický O, Špičák J. Léčba chronické hepatitdy C 
u kandidátů transplantace ledviny. Májové hepatologické dny, Karlovy Vary, 
12.–14. 5. 2010.  



69 
 

16. Fraňková S, Šperl J, Burgelová M, Subhanová I, Špičák J. Úspěšná léčba porphyria 
cutanea tarda u pacientky s chronickou hepatitidou C po transplantaci ledviny. 
Májové hepatologické dny, Karlovy Vary, 12.–14. 5. 2010.  
 

Posters 

1. Šenkeříková R, Fraňková S, Merta D, Sticová E, Trunečka P, Špičák J, Jirsa M, Šperl 
J. PNPLA3 (rs738409 C>G) contributes to low viral load and decreased risk of 
hepatocellular carcinoma in HCV genotype 1b cirrhotic patients. The American 
Association for the Study of Liver Diseases Liver Meeting (AASLD 2016), Boston, 
USA, 11.–15. 11. 2016.  

2. Fraňková S, Šenkeříková R, Viklický O, Merta D, Špičák J, Šperl J. Safety and 
efficacy of interferon-free anti-HCV therapy in kidney transplant candidates. 
EASL/AASLD Special conference: New perspectives in hepatitis C virus infection - 
The roadmap for cure, Paris, France, 23.–24. 9. 2016.  

3. Fraňková S, Šperl J, Němeček V, Husa P, Urbánek P, Razavi H, Gower E. The 
Disease Burden of Chronic Hepatitis C Virus (HCV) Infection in the Czech 
Republic. The 3rd World Congress on Controversies in the Management of Viral 
Hepatitis, Berlin, Germany, 1.–3. 5. 2014. 

 

Book chapters 

1. Fraňková S, Šperl J. Novinky v léčbě HCV infekce. In: Špičák J. Novinky 
v gastroenterologii. Praha: Grada, 2017, in press.  

2. Fraňková S., Oliverius M, Novotný J. Hepatocelulární karcinom. In: Novotný J, 
Vítek P. Onkologie v klinické praxi. 1. vydání. Praha: Mladá fronta, 2012, s. 134-
148.  

3. Fraňková S, Šperl J. Léčba virových hepatitid u pacientů s cirhózou. In: Ehrmann, 
J., Hůlek, P. Hepatologie. 1. vydání. Praha: Grada, 2010, s. 257-259.  

4. Šperl J, Fraňková S. Problematika virových hepatitid u imunosuprimovaných 
pacientů. In: Ehrmann, J., Hůlek, P. Hepatologie. 1 vyd. Praha: Grada, 2010, s. 
253-255.  

5. Fraňková S. Život s transplantovanými játry. In: Trunečka, P., Adamec, M. 
Transplantace jater. 1. vydání. Praha: Karolinum, 2009, s. 260-266.  

6. Fraňková S, Trunečka P. Transplantace jater pro akutní selhání jater. In: 
Trunečka, P., Adamec, M. Transplantace jater. 1. vydání. Praha: Karolinum, 2009, 
s. 260-266.  

  



70 
 

8.     Appendices 
 
 

1. Šperl J, Fraňková S, Trunečka P. Transplantace jater pro hepatitidu C, význam 
protivirové léčby. Gastroenterologie a hepatologie 2013; 67(5): 407-412.  
 

2. Šperl J, Fraňková S, Šenkeříková R, Neřoldová M, Hejda V, Volfová M, Merta D, 
Viklický O, Špičák J, Jirsa M. Relevance of low viral load in hemodialysed 
patients with chronic hepatitis C virus infection. World J Gastroenterol 2015; 
21(18): 5496-5504.  

 
3. Fraňková S, Jirsa M, Merta D, Neřoldová M, Urbánek P, Šenkeříková R, Špičák J, 

Šperl J. USP18 downregulation in peripheral blood mononuclear cells predicts 
non-response to interferon-based triple therapy in patients with chronic 
hepatitis C, genotype 1: a pilot study. Therapeutics and Clinical Risk 
Management 2015; 11:1853-1861.  

  



71 
 

9.    References 
 

1. EASL Clinical Practice Guidelines: management of hepatitis C virus infection 2011. 
www.easl.eu.  

2. EASL Clinical Practice Guidelines: management of hepatitis C virus infection 2015. 
www.easl.eu.   

3. EASL–EORTC Clinical Practice Guidelines: Management of hepatocellular 
carcinoma. Journal of hepatology. 2012;56:908-943. 

4. Adam R, Karam V, Delvart V, et al. Evolution of indications and results of liver 
transplantation in Europe. A report from the European Liver Transplant Registry 
(ELTR). J Hepatol. 2012;57(3):675-688. 

5. Aleman S, Rahbin N, Weiland O, et al. A risk for hepatocellular carcinoma persists 
long-term after sustained virologic response in patients with hepatitis C-
associated liver cirrhosis. Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America. 2013;57(2):230-236. 

6. Andre P, Perlemuter G, Budkowska A, Brechot C, Lotteau V. Hepatitis C virus 
particles and lipoprotein metabolism. Seminars in liver disease. 2005;25(1):93-
104. 

7. Asselah T, Bieche I, Narguet S, et al. Liver gene expression signature to predict 
response to pegylated interferon plus ribavirin combination therapy in patients 
with chronic hepatitis C. Gut. 2008;57(4):516-524. 

8. Asselah T, Bieche I, Sabbagh A, et al. Gene expression and hepatitis C virus 
infection. Gut. 2009;58(6):846-858.  

9. Barreiro P, Pineda JA, Rallon N, et al. Influence of interleukin-28B single-
nucleotide polymorphisms on progression to liver cirrhosis in human 
immunodeficiency virus-hepatitis C virus-coinfected patients receiving 
antiretroviral therapy. The Journal of infectious diseases. 2011;203(11):1629-1636. 

10. Bartenschlager R, Lohmann V, Penin F. The molecular and structural basis of 
advanced antiviral therapy for hepatitis C virus infection. Nature reviews. 
Microbiology. 2013;11(7):482-496.  

11. Bartosch B, Dubuisson J, Cosset FL. Infectious hepatitis C virus pseudo-particles 
containing functional E1-E2 envelope protein complexes. J Exp Med. 
2003;197(5):633-642. 

12. Bartosch B, Vitelli A, Granier C, et al. Cell entry of hepatitis C virus requires a set of 
co-receptors that include the CD81 tetraspanin and the SR-B1 scavenger receptor. 
J Biol Chem. 2003;278(43):41624-41630. 

13. Behrens SE, Tomei L, De Francesco R. Identification and properties of the RNA-
dependent RNA polymerase of hepatitis C virus. The EMBO journal. 
1996;15(1):12-22. 



72 
 

14. Ben-Ari Z, Pappo O, Druzd T, et al. Role of cytokine gene polymorphism and 
hepatic transforming growth factor beta1 expression in recurrent hepatitis C after 
liver transplantation. Cytokine. 2004;27(1):7-14. 

15. Berenguer M, Aguilera V, Prieto M, et al. Worse recent efficacy of antiviral 
therapy in liver transplant recipients with recurrent hepatitis C: impact of donor 
age and baseline cirrhosis. Liver Transpl. 2009;15(7):738-746. 

16. Berenguer M, Prieto M, San Juan F, et al. Contribution of donor age to the recent 
decrease in patient survival among HCV-infected liver transplant recipients. 
Hepatology. 2002;36(1):202-210.  

17. Bjoro K, Froland SS, Yun Z, Samdal HH, Haaland T. Hepatitis C infection in patients 
with primary hypogammaglobulinemia after treatment with contaminated 
immune globulin. The New England journal of medicine. 1994;331(24):1607-1611. 

18. Bochud PY, Cai T, Overbeck K, et al. Genotype 3 is associated with accelerated 
fibrosis progression in chronic hepatitis C. Journal of hepatology. 2009;51(4):655-
666. 

19. Bolen CR, Robek MD, Brodsky L, et al. The blood transcriptional signature of 
chronic hepatitis C virus is consistent with an ongoing interferon-mediated 
antiviral response. Journal of interferon & cytokine research : the official journal of 
the International Society for Interferon and Cytokine Research. 2013;33(1):15-23. 

20. Bruening J, Weigel B, Gerold G. The Role of Type III Interferons in Hepatitis C Virus 
Infection and Therapy. J Immunol Res. 2017;2017:7232361. 

21. Butt AA, Skanderson M, McGinnis KA, et al. Impact of hepatitis C virus infection 
and other comorbidities on survival in patients on dialysis. Journal of viral 
hepatitis. 2007;14(10):688-696. 

22. Charlton M, Ruppert K, Belle SH, et al. Long-term results and modeling to predict 
outcomes in recipients with HCV infection: results of the NIDDK liver 
transplantation database. Liver Transpl. 2004;10(9):1120-1130. 

23. Charlton M, Seaberg E, Wiesner R, et al. Predictors of patient and graft survival 
following liver transplantation for hepatitis C. Hepatology. 1998;28(3):823-830.  

24. Charlton MR, Thompson A, Veldt BJ, et al. Interleukin-28B polymorphisms are 
associated with histological recurrence and treatment response following liver 
transplantation in patients with hepatitis C virus infection. Hepatology. 
2011;53(1):317-324. 

25. Chen L, Borozan I, Feld J, et al. Hepatic gene expression discriminates responders 
and nonresponders in treatment of chronic hepatitis C viral infection. 
Gastroenterology. 2005;128(5):1437-1444. 

26. Chen L, Borozan I, Sun J, et al. Cell-type specific gene expression signature in liver 
underlies response to interferon therapy in chronic hepatitis C infection. 
Gastroenterology. 2010;138(3):1123-1133 e1121-1123. 

27. Chlibek R, Sosovickova R, Gal P, et al. Hepatitis C prevalence in the general adult 
population in the Czech Republic – results of a seroprevalence study. XX. česko-



73 
 

slovenský kongres o infekčních nemocech, Oral presentation, Karlovy Vary, May 
2016. 

28. Coilly A, Roche B, Dumortier J, et al. Safety and efficacy of protease inhibitors to 
treat hepatitis C after liver transplantation: a multicenter experience. Journal of 
hepatology. 2014;60(1):78-86. 

29. Conjeevaram HS, Fried MW, Jeffers LJ, et al. Peginterferon and ribavirin treatment 
in African American and Caucasian American patients with hepatitis C genotype 1. 
Gastroenterology. 2006;131(2):470-477. 

30. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation of a 
cDNA clone derived from a blood-borne non-A, non-B viral hepatitis genome. 
Science. 1989;244(4902):359-362. 

31. Cornberg M, Razavi HA, Alberti A, et al. A systematic review of hepatitis C virus 
epidemiology in Europe, Canada and Israel. Liver international : official journal of 
the International Association for the Study of the Liver. 2011;31 Suppl 2:30-60. 

32. Darby SC, Ewart DW, Giangrande PL, et al. Mortality from liver cancer and liver 
disease in haemophilic men and boys in UK given blood products contaminated 
with hepatitis C. UK Haemophilia Centre Directors' Organisation. Lancet. 
1997;350(9089):1425-1431. 

33. Dev AT, McCaw R, Sundararajan V, Bowden S, Sievert W. Southeast Asian patients 
with chronic hepatitis C: the impact of novel genotypes and race on treatment 
outcome. Hepatology. 2002;36(5):1259-1265. 

34. Dietz J, Schelhorn SE, Fitting D, et al. Deep sequencing reveals mutagenic effects 
of ribavirin during monotherapy of hepatitis C virus genotype 1-infected patients. 
Journal of virology. 2013;87(11):6172-6181. 

35. Dolganiuc A, Kodys K, Marshall C, et al. Type III interferons, IL-28 and IL-29, are 
increased in chronic HCV infection and induce myeloid dendritic cell-mediated 
FoxP3+ regulatory T cells. PloS one. 2012;7(10):e44915. 

36. Duong FH, Trincucci G, Boldanova T, et al. IFN-lambda receptor 1 expression is 
induced in chronic hepatitis C and correlates with the IFN-lambda3 genotype and 
with nonresponsiveness to IFN-alpha therapies. J Exp Med. 2014;211(5):857-868. 

37. Durbin RK, Kotenko SV, Durbin JE. Interferon induction and function at the 
mucosal surface. Immunol Rev. 2013;255(1):25-39. 

38. Espinosa M, Martin-Malo A, Alvarez de Lara MA, Aljama P. Risk of death and liver 
cirrhosis in anti-HCV-positive long-term haemodialysis patients. Nephrology, 
dialysis, transplantation : official publication of the European Dialysis and 
Transplant Association - European Renal Association. 2001;16(8):1669-1674. 

39. Fabris C, Falleti E, Cussigh A, et al. IL-28B rs12979860 C/T allele distribution in 
patients with liver cirrhosis: role in the course of chronic viral hepatitis and the 
development of HCC. Journal of hepatology. 2011;54(4):716-722. 

40. Falleti E, Bitetto D, Fabris C, et al. Role of interleukin 28B rs12979860 C/T 
polymorphism on the histological outcome of chronic hepatitis C: relationship 
with gender and viral genotype. J Clin Immunol. 2011;31(5):891-899. 



74 
 

41. Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR. The association between 
hepatitis C infection and survival after orthotopic liver transplantation. 
Gastroenterology. 2002;122(4):889-896. 

42. Foy E, Li K, Wang C, et al. Regulation of interferon regulatory factor-3 by the 
hepatitis C virus serine protease. Science. 2003;300(5622):1145-1148. 

43. Freedman ND, Everhart JE, Lindsay KL, et al. Coffee intake is associated with lower 
rates of liver disease progression in chronic hepatitis C. Hepatology. 
2009;50(5):1360-1369. 

44. Frese M, Schwarzle V, Barth K, et al. Interferon-gamma inhibits replication of 
subgenomic and genomic hepatitis C virus RNAs. Hepatology. 2002;35(3):694-703. 

45. Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a plus ribavirin for 
chronic hepatitis C virus infection. The New England journal of medicine. 
2002;347(13):975-982. 

46. Fukuhara T, Taketomi A, Motomura T, et al. Variants in IL28B in liver recipients 
and donors correlate with response to peg-interferon and ribavirin therapy for 
recurrent hepatitis C. Gastroenterology. 2010;139(5):1577-1585, 1585 e1571-
1573. 

47. Furusyo N, Hayashi J, Ariyama I, et al. Maintenance hemodialysis decreases serum 
hepatitis C virus (HCV) RNA levels in hemodialysis patients with chronic HCV 
infection. The American journal of gastroenterology. 2000;95(2):490-496. 

48. Gale M, Jr., Foy EM. Evasion of intracellular host defence by hepatitis C virus. 
Nature. 2005;436(7053):939-945. 

49. Gane EJ. The natural history of recurrent hepatitis C and what influences this. 
Liver Transpl. 2008;14 Suppl 2:S36-44. 

50. Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B predicts hepatitis C 
treatment-induced viral clearance. Nature. 2009;461(7262):399-401.  

51. Gentzsch J, Brohm C, Steinmann E, et al. hepatitis c Virus p7 is critical for capsid 
assembly and envelopment. PLoS Pathog. 2013;9(5):e1003355. 

52. Goodkin DA, Bieber B, Gillespie B, Robinson BM, Jadoul M. Hepatitis C infection is 
very rarely treated among hemodialysis patients. American journal of nephrology. 
2013;38(5):405-412. 

53. Gouttenoire J, Penin F, Moradpour D. Hepatitis C virus nonstructural protein 4B: a 
journey into unexplored territory. Rev Med Virol. 2010;20(2):117-129. 

54. Hadziyannis SJ, Sette H, Jr., Morgan TR, et al. Peginterferon-alpha2a and ribavirin 
combination therapy in chronic hepatitis C: a randomized study of treatment 
duration and ribavirin dose. Annals of internal medicine. 2004;140(5):346-355. 

55. Herrmann E, Lee JH, Marinos G, Modi M, Zeuzem S. Effect of ribavirin on hepatitis 
C viral kinetics in patients treated with pegylated interferon. Hepatology. 
2003;37(6):1351-1358. 



75 
 

56. Hezode C, Fontaine H, Dorival C, et al. Effectiveness of telaprevir or boceprevir in 
treatment-experienced patients with HCV genotype 1 infection and cirrhosis. 
Gastroenterology. 2014;147(1):132-142 e134. 

57. Hillyer P, Mane VP, Schramm LM, et al. Expression profiles of human interferon-
alpha and interferon-lambda subtypes are ligand- and cell-dependent. Immunol 
Cell Biol. 2012;90(8):774-783. 

58. Hoofnagle JH, Mullen KD, Jones DB, et al. Treatment of chronic non-A,non-B 
hepatitis with recombinant human alpha interferon. A preliminary report. The 
New England journal of medicine. 1986;315(25):1575-1578. 

59. Hou J, van Oord G, Groothuismink ZM, et al. Gene expression profiling to predict 
and assess the consequences of therapy-induced virus eradication in chronic 
hepatitis C virus infection. Journal of virology. 2014;88(21):12254-12264. 

60. Huang Y, Yang H, Borg BB, et al. A functional SNP of interferon-gamma gene is 
important for interferon-alpha-induced and spontaneous recovery from hepatitis 
C virus infection. Proceedings of the National Academy of Sciences of the United 
States of America. 2007;104(3):985-990. 

61. Humar A, Kumar D, Raboud J, et al. Interactions between cytomegalovirus, human 
herpesvirus-6, and the recurrence of hepatitis C after liver transplantation. Am J 
Transplant. 2002;2(5):461-466. 

62. Isaacs A, Lindenmann J. Virus interference. I. The interferon. Proc R Soc Lond B 
Biol Sci. 1957;147(927):258-267. 

63. Ji X, Cheung R, Cooper S, Li Q, Greenberg HB, He XS. Interferon alfa regulated 
gene expression in patients initiating interferon treatment for chronic hepatitis C. 
Hepatology. 2003;37(3):610-621. 

64. Jones DM, Atoom AM, Zhang X, Kottilil S, Russell RS. A genetic interaction 
between the core and NS3 proteins of hepatitis C virus is essential for production 
of infectious virus. Journal of virology. 2011;85(23):12351-12361. 

65. Kenny-Walsh E. Clinical outcomes after hepatitis C infection from contaminated 
anti-D immune globulin. Irish Hepatology Research Group. The New England 
journal of medicine. 1999;340(16):1228-1233. 

66. Kotenko SV, Gallagher G, Baurin VV, et al. IFN-lambdas mediate antiviral 
protection through a distinct class II cytokine receptor complex. Nat Immunol. 
2003;4(1):69-77. 

67. Lavanchy D. Evolving epidemiology of hepatitis C virus. Clinical microbiology and 
infection : the official publication of the European Society of Clinical Microbiology 
and Infectious Diseases. 2011;17(2):107-115. 

68. Lindsay KL, Trepo C, Heintges T, et al. A randomized, double-blind trial comparing 
pegylated interferon alfa-2b to interferon alfa-2b as initial treatment for chronic 
hepatitis C. Hepatology. 2001;34(2):395-403. 

69. Liu CH, Liu CJ, Lin CL, et al. Pegylated interferon-alpha-2a plus ribavirin for 
treatment-naive Asian patients with hepatitis C virus genotype 1 infection: a 



76 
 

multicenter, randomized controlled trial. Clinical infectious diseases : an official 
publication of the Infectious Diseases Society of America. 2008;47(10):1260-1269. 

70. Ma Y, Anantpadma M, Timpe JM, et al. Hepatitis C virus NS2 protein serves as a 
scaffold for virus assembly by interacting with both structural and nonstructural 
proteins. Journal of virology. 2011;85(1):86-97. 

71. MacParland SA, Corkum CP, Burgess C, Karwowska S, Kroll W, Michalak TI. 
Differential expression of interferon alpha inducible genes in peripheral blood 
mononuclear cells from patients chronically infected with hepatitis C virus and 
healthy donors. International immunopharmacology. 2015;25(2):545-552. 

72. Maillard P, Huby T, Andreo U, Moreau M, Chapman J, Budkowska A. The 
interaction of natural hepatitis C virus with human scavenger receptor SR-BI/Cla1 
is mediated by ApoB-containing lipoproteins. FASEB J. 2006;20(6):735-737. 

73. Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon alfa-2b plus ribavirin 
compared with interferon alfa-2b plus ribavirin for initial treatment of chronic 
hepatitis C: a randomised trial. Lancet. 2001;358(9286):958-965. 

74. Marcellin P, Asselah T, Boyer N. Fibrosis and disease progression in hepatitis C. 
Hepatology. 2002;36(5 Suppl 1):S47-56.  

75. Marcellin P, Pequignot F, Delarocque-Astagneau E, et al. Mortality related to 
chronic hepatitis B and chronic hepatitis C in France: evidence for the role of HIV 
coinfection and alcohol consumption. Journal of hepatology. 2008;48(2):200-207. 

76. Martin P, Fabrizi F. Hepatitis C virus and kidney disease. Journal of hepatology. 
2008;49(4):613-624. 

77. Mathurin P, Mouquet C, Poynard T, et al. Impact of hepatitis B and C virus on 
kidney transplantation outcome. Hepatology. 1999;29(1):257-263. 

78. McHutchison JG, Gordon SC, Schiff ER, et al. Interferon alfa-2b alone or in 
combination with ribavirin as initial treatment for chronic hepatitis C. Hepatitis 
Interventional Therapy Group. The New England journal of medicine. 
1998;339(21):1485-1492. 

79. McHutchison JG, Lawitz EJ, Shiffman ML, et al. Peginterferon alfa-2b or alfa-2a 
with ribavirin for treatment of hepatitis C infection. The New England journal of 
medicine. 2009;361(6):580-593. 

80. Mizuno M, Higuchi T, Yanai M, Kanmatsuse K, Esumi M. Dialysis-membrane-
dependent reduction and adsorption of circulating hepatitis C virus during 
hemodialysis. Nephron. 2002;91(2):235-242. 

81. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. Global epidemiology of 
hepatitis C virus infection: new estimates of age-specific antibody to HCV 
seroprevalence. Hepatology. 2013;57(4):1333-1342.  

82. Moradpour D, Penin F, Rice CM. Replication of hepatitis C virus. Nature reviews. 
Microbiology. 2007;5(6):453-463.  



77 
 

83. Morales JM, Pascual-Capdevila J, Campistol JM, et al. Membranous 
glomerulonephritis associated with hepatitis C virus infection in renal transplant 
patients. Transplantation. 1997;63(11):1634-1639. 

84. Moreno C, Deltenre P, Pawlotsky JM, Henrion J, Adler M, Mathurin P. Shortened 
treatment duration in treatment-naive genotype 1 HCV patients with rapid 
virological response: a meta-analysis. Journal of hepatology. 2010;52(1):25-31. 

85. Muir AJ, Arora S, Everson G, et al. A randomized phase 2b study of peginterferon 
lambda-1a for the treatment of chronic HCV infection. Journal of hepatology. 
2014;61(6):1238-1246. 

86. Muir AJ, Bornstein JD, Killenberg PG, Atlantic Coast Hepatitis Treatment G. 
Peginterferon alfa-2b and ribavirin for the treatment of chronic hepatitis C in 
blacks and non-Hispanic whites. The New England journal of medicine. 
2004;350(22):2265-2271. 

87. Murira A, Lamarre A. Type-I Interferon Responses: From Friend to Foe in the 
Battle against Chronic Viral Infection. Front Immunol. 2016;7:609. 

88. Nemecek V, Castkova J, Fritz P, et al. The 2001 serological survey in the Czech 
Republic--viral hepatitis. Central European journal of public health. 2003;11 
Suppl:S54-61. 

89. Neumann AU, Lam NP, Dahari H, et al. Hepatitis C viral dynamics in vivo and the 
antiviral efficacy of interferon-alpha therapy. Science. 1998;282(5386):103-107. 

90. Neumann UP, Berg T, Bahra M, et al. Long-term outcome of liver transplants for 
chronic hepatitis C: a 10-year follow-up. Transplantation. 2004;77(2):226-231. 

91. Nkontchou G, Ziol M, Aout M, et al. HCV genotype 3 is associated with a higher 
hepatocellular carcinoma incidence in patients with ongoing viral C cirrhosis. 
Journal of viral hepatitis. 2011;18(10):e516-522. 

92. Ozdemir BH, Ozdemir FN, Sezer S, Colak T, Haberal M. De novo glomerulonephritis 
in renal allografts with hepatitis C virus infection. Transplantation proceedings. 
2006;38(2):492-495.  

93. Pawlotsky JM, Dahari H, Neumann AU, et al. Antiviral action of ribavirin in chronic 
hepatitis C. Gastroenterology. 2004;126(3):703-714. 

94. Phan T, Kohlway A, Dimberu P, Pyle AM, Lindenbach BD. The acidic domain of 
hepatitis C virus NS4A contributes to RNA replication and virus particle assembly. 
Journal of virology. 2011;85(3):1193-1204. 

95. Picciotto FP, Tritto G, Lanza AG, et al. Sustained virological response to antiviral 
therapy reduces mortality in HCV reinfection after liver transplantation. J Hepatol. 
2007;46(3):459-465. 

96. Poynard T, Colombo M, Bruix J, et al. Peginterferon alfa-2b and ribavirin: effective 
in patients with hepatitis C who failed interferon alfa/ribavirin therapy. 
Gastroenterology. 2009;136(5):1618-1628 e1612. 

97. Poynard T, Marcellin P, Lee SS, et al. Randomised trial of interferon alpha2b plus 
ribavirin for 48 weeks or for 24 weeks versus interferon alpha2b plus placebo for 



78 
 

48 weeks for treatment of chronic infection with hepatitis C virus. International 
Hepatitis Interventional Therapy Group (IHIT). Lancet. 1998;352(9138):1426-1432. 

98. Pradat P, Voirin N, Tillmann HL, Chevallier M, Trepo C. Progression to cirrhosis in 
hepatitis C patients: an age-dependent process. Liver international : official 
journal of the International Association for the Study of the Liver. 2007;27(3):335-
339. 

99. Prokunina-Olsson L, Muchmore B, Tang W, et al. A variant upstream of IFNL3 
(IL28B) creating a new interferon gene IFNL4 is associated with impaired 
clearance of hepatitis C virus. Nature genetics. 2013;45(2):164-171.  

100. Reichard O, Andersson J, Schvarcz R, Weiland O. Ribavirin treatment for chronic 
hepatitis C. Lancet. 1991;337(8749):1058-1061. 

101. Reiss S, Harak C, Romero-Brey I, et al. The lipid kinase phosphatidylinositol-4 
kinase III alpha regulates the phosphorylation status of hepatitis C virus NS5A. 
PLoS Pathog. 2013;9(5):e1003359 

102. Roche B, Sebagh M, Canfora ML, et al. Hepatitis C virus therapy in liver transplant 
recipients: response predictors, effect on fibrosis progression, and importance of 
the initial stage of fibrosis. Liver Transpl. 2008;14(12):1766-1777. 

103. Rodriguez-Torres M, Jeffers LJ, Sheikh MY, et al. Peginterferon alfa-2a and 
ribavirin in Latino and non-Latino whites with hepatitis C. The New England 
journal of medicine. 2009;360(3):257-267. 

104. Roth D, Cirocco R, Zucker K, et al. De novo membranoproliferative 
glomerulonephritis in hepatitis C virus-infected renal allograft recipients. 
Transplantation. 1995;59(12):1676-1682. 

105. Saito T, Gale M, Jr. Regulation of innate immunity against hepatitis C virus 
infection. Hepatology research : the official journal of the Japan Society of 
Hepatology. 2008;38(2):115-122. 

106. Sarasin-Filipowicz M, Oakeley EJ, Duong FH, et al. Interferon signaling and 
treatment outcome in chronic hepatitis C. Proceedings of the National Academy of 
Sciences of the United States of America. 2008;105(19):7034-7039. 

107. Sarrazin C. The importance of resistance to direct antiviral drugs in HCV infection 
in clinical practice. Journal of hepatology. 2016;64(2):486-504. 

108. Seeff LB, Miller RN, Rabkin CS, et al. 45-year follow-up of hepatitis C virus 
infection in healthy young adults. Annals of internal medicine. 2000;132(2):105-
111. 

109. Sheppard P, Kindsvogel W, Xu W, et al. IL-28, IL-29 and their class II cytokine 
receptor IL-28R. Nat Immunol. 2003;4(1):63-68. 

110. Simmonds P, Bukh J, Combet C, et al. Consensus proposals for a unified system of 
nomenclature of hepatitis C virus genotypes. Hepatology. 2005;42(4):962-973. 

111. Simmonds P. The origin of hepatitis C virus. Current topics in microbiology and 
immunology. 2013;369:1-15. 



79 
 

112. Sofia MJ, Chang W, Furman PA, Mosley RT, Ross BS. Nucleoside, nucleotide, and 
non-nucleoside inhibitors of hepatitis C virus NS5B RNA-dependent RNA-
polymerase. J Med Chem. 2012;55(6):2481-2531. 

113. Sommereyns C, Paul S, Staeheli P, Michiels T. IFN-lambda (IFN-lambda) is 
expressed in a tissue-dependent fashion and primarily acts on epithelial cells in 
vivo. PLoS Pathog. 2008;4(3):e1000017. 

114. Sperl J, Horvath G, Halota W, et al. Efficacy and safety of elbasvir/grazoprevir and 
sofosbuvir/pegylated interferon/ribavirin: a phase III randomized controlled trial. 
Journal of hepatology. 2016. 

115. Swain MG, Lai MY, Shiffman ML, et al. A sustained virologic response is durable in 
patients with chronic hepatitis C treated with peginterferon alfa-2a and ribavirin. 
Gastroenterology. 2010;139(5):1593-1601. 

116. Taylor MW, Tsukahara T, McClintick JN, Edenberg HJ, Kwo P. Cyclic changes in 
gene expression induced by Peg-interferon alfa-2b plus ribavirin in peripheral 
blood monocytes (PBMC) of hepatitis C patients during the first 10 weeks of 
treatment. Journal of translational medicine. 2008;6:66. 

117. Terczynska-Dyla E, Bibert S, Duong FH, et al. Reduced IFNlambda4 activity is 
associated with improved HCV clearance and reduced expression of interferon-
stimulated genes. Nature communications. 2014;5:5699. 

118. Thimme R, Binder M, Bartenschlager R. Failure of innate and adaptive immune 
responses in controlling hepatitis C virus infection. FEMS microbiology reviews. 
2012;36(3):663-683. 

119. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and spontaneous 
clearance of hepatitis C virus. Nature. 2009;461(7265):798-801. 

120. Thomas E, Gonzalez VD, Li Q, et al. HCV infection induces a unique hepatic innate 
immune response associated with robust production of type III interferons. 
Gastroenterology. 2012;142(4):978-988. 

121. Thompson AJ, Muir AJ, Sulkowski MS, et al. Interleukin-28B polymorphism 
improves viral kinetics and is the strongest pretreatment predictor of sustained 
virologic response in genotype 1 hepatitis C virus. Gastroenterology. 
2010;139(1):120-129 e118. 

122. Thomssen R, Bonk S, Propfe C, Heermann KH, Kochel HG, Uy A. Association of 
hepatitis C virus in human sera with beta-lipoprotein. Medical microbiology and 
immunology. 1992;181(5):293-300. 

123. Thomssen R, Bonk S, Thiele A. Density heterogeneities of hepatitis C virus in 
human sera due to the binding of beta-lipoproteins and immunoglobulins. 
Medical microbiology and immunology. 1993;182(6):329-334. 

124. Tong MJ, el-Farra NS, Reikes AR, Co RL. Clinical outcomes after transfusion-
associated hepatitis C. The New England journal of medicine. 1995;332(22):1463-
1466. 



80 
 

125. van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between sustained virological 
response and all-cause mortality among patients with chronic hepatitis C and 
advanced hepatic fibrosis. Jama. 2012;308(24):2584-2593. 

126. Wakita T, Pietschmann T, Kato T, et al. Production of infectious hepatitis C virus in 
tissue culture from a cloned viral genome. Nature medicine. 2005;11(7):791-796. 

127. Walsh MJ, Jonsson JR, Richardson MM, et al. Non-response to antiviral therapy is 
associated with obesity and increased hepatic expression of suppressor of 
cytokine signalling 3 (SOCS-3) in patients with chronic hepatitis C, viral genotype 
1. Gut. 2006;55(4):529-535. 

128. Wang CS, Ko HH, Yoshida EM, Marra CA, Richardson K. Interferon-based 
combination anti-viral therapy for hepatitis C virus after liver transplantation: a 
review and quantitative analysis. Am J Transplant. 2006;6(7):1586-1599. 

129. Wedemeyer H, Duberg AS, Buti M, et al. Strategies to manage hepatitis C virus 
(HCV) disease burden. Journal of viral hepatitis. 2014;21 Suppl 1:60-89. 

130. Welzel T, Bhardwaj N, Hedskog C, et al. Global Epidemiology of HCV Subtypes and 
Resistance-associated Substitutions Evaluated by Sequencing-Based Subtype 
Analyses. Journal of hepatology. 2017. 

131. Wiegand J, Deterding K, Cornberg M, Wedemeyer H. Treatment of acute hepatitis 
C: the success of monotherapy with (pegylated) interferon alpha. The Journal of 
antimicrobial chemotherapy. 2008;62(5):860-865. 

132. Wiese M, Berr F, Lafrenz M, Porst H, Oesen U. Low frequency of cirrhosis in a 
hepatitis C (genotype 1b) single-source outbreak in germany: a 20-year 
multicenter study. Hepatology. 2000;32(1):91-96. 

133. Wiese M, Grungreiff K, Guthoff W, et al. Outcome in a hepatitis C (genotype 1b) 
single source outbreak in Germany--a 25-year multicenter study. Journal of 
hepatology. 2005;43(4):590-598. 

134. Woollard DJ, Grakoui A, Shoukry NH, Murthy KK, Campbell KJ, Walker CM. 
Characterization of HCV-specific Patr class II restricted CD4+ T cell responses in an 
acutely infected chimpanzee. Hepatology. 2003;38(5):1297-1306. 

135. Zekry A, Whiting P, Crawford DH, et al. Liver transplantation for HCV-associated 
liver cirrhosis: predictors of outcomes in a population with significant genotype 3 
and 4 distribution. Liver Transpl. 2003;9(4):339-347. 

136. Zeuzem S, Buti M, Ferenci P, et al. Efficacy of 24 weeks treatment with 
peginterferon alfa-2b plus ribavirin in patients with chronic hepatitis C infected 
with genotype 1 and low pretreatment viremia. Journal of hepatology. 
2006;44(1):97-103. 

137. Zeuzem S, Feinman SV, Rasenack J, et al. Peginterferon alfa-2a in patients with 
chronic hepatitis C. The New England journal of medicine. 2000;343(23):1666-
1672.  

 

 


