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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 IL28B rs12979860 CC 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 periferních 

mnononukleárech 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 peripheral blood mononuclear 

cells 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 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). 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 (EASL Clinical Practice 
Guidelines: management of hepatitis C virus infection 2015). 
1.1  HCV structure and replication cycle 

HCV is an enveloped virus, 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).  

HCV infection is a dynamic process with daily production and clearance of approximately 1012 
virions per infected individual (Neumann A.U. et al., 1998). Hepatocytes are the main target cells, but 
the virus can be detected also in B-lymphocytes and dendritic cells.  

The mechanisms regulating translation and replication of the viral genome have not been 
elaborately described so far. 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 6 major genotypes and more than 60 subtypes (Simmonds P. et al., 
2005, Welzel T. et al., 2017).   

1.2  HCV epidemiology and transmission  
HCV is a worldwide prevalent infection with more than 185 million infected individuals. HCV 

is a blood-borne infection (Lavanchy D., 2011) and is predominantly or almost exclusively acquired 
through percutaneous exposure to blood. 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 RNA is detected in blood 7−21 hours after infection. Only a minority of patients present 

with clinical symptoms of liver disease in the acute phase. Chronic HCV infection is defined as 
positive HCV RNA more than 6 months after infection. Liver cirrhosis develops in 15−30% infected 
individuals within 10−20 years, HCC within 20−30 years (Tong M.J. et al., 1995). The course of the 
disease is thus influenced by many risk factors present in otherwise healthy individuals. Older age at 
the time of liver biopsy and the duration of the illness are associated with a higher degree of liver 
fibrosis (Pradat P. et al., 2007). An accelerated course is associated with alcohol consumption, 
diabetes, obesity, HIV and HBV co-infection and steatosis.  

1.4  Treatment of HCV infection, clinical predictors of treatment response 
Efforts had been made to predict in the most accurate way the chance of the patient to 

achieve SVR on peginterferon α and ribavirin (PEG-IFN-α and RBV) combination therapy administered 
for 48 weeks in genotype 1 patients, which has been standard-of-care from 2001. There are factors 
that predict SVR achievement, both virus and host-related. 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). Patients with a lower viral load (HCV RNA ≤ 600,000 IU/ml) achieve SVR more frequently 

(Zeuzem S. et al., 2006). African-Americans have a lower rate of SVR in spite of milder liver damage 
(McHutchison J.G. et al., 2009) in comparison with Asian or Caucasian population. 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 cirrhosis have the lowest chance to achieve SVR. Patients with 
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compensated cirrhosis and genotype 1 achieve SVR in 10% (Poynard T. et al., 2009) and they have a 
higher rate of treatment-associated complications. 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 minimize the adverse effects 
caused by the therapy. 

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. The above described host and virus factors were recognised to be 
important, but did not adequately explain the variation in response observed in treated individuals. 
The ethnic differences cannot be explained by severity of disease, compliance, viral kinetics or more 
immunological or other parameters. Considered together, the 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 HCV genotype 1 infected patients from the IDEAL study 
(McHutchison J.G. et al., 2009). 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 met the threshold for Bonferoni-corrected 
significance in the GWAS. 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. The IL28B rs12979860 polymorphism 
was associated with a two-fold increase in the SVR rate in all ethnic groups.  

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).  

1.6  Interferon signaling in HCV infection 
Interferons (IFNs) are signaling proteins, belonging to the cytokines protein family, produced 

in response to the virus infection. 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 are the most biologically important antiviral cytokines, including IFN-α and IFN-β. 
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 1 (JAK1). HCV infection induces host 
signaling pathways leading to type I IFNs secretion (Gale M. et al., 2005, Asselah T. et al., 2009). 
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 
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pathway. 
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. 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). 

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). The most recent member of the type III 
interferon family named IFN-λ 4 (encoded by IFNL4) was discovered 10 years later (Prokunina-Olsson 
L. et al., 2013). 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).   

1.7  ISG expression and prediction of response to therapy 
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 (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. The capacity to eliminate the virus with IFN-α and RBV is reduced in the course of the 
disease. It also decreases with the age of the patient and with fibrosis progression (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. Chen et al. (Chen L. et al., 2010) investigated the ISG 
baseline expression profile in hepatocytes:  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.  

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 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. in those who fail to respond to antiviral therapy, remained unanswered.  

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 
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therapy. 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. 

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 patiens, which would make, in 
the era of PEG-IFN α-based therapies, the prediction of SVR even more accurate.  

 
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 PBMC ISG expression 
profile and to explore potential genetic predictors of SVR achievement.  

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 (Roche Molecular Systems, Branchburg, NJ). HCV genotyping was conducted at baseline using 
the Siemens Versant® HCV Genotype 2.0 Assay (LiPA) (Siemens Healthcare Diagnostics Inc., 
Tarrytown, NY). 

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 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.  

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).   

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 
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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 suggested cycling conditions. 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 relative 
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.  

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. 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. 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.  

4.  Results  

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 allelic association 
studies. In the first 144 patients, we assessed the SVR predictive value of the rs2069707 -764C/G in 
the IFNG promoter. Huang et al. (Huang Y. et al., 2007) demonstrated association of the rs2069707 G 
allele with higher SVR rate. 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. 
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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. 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 the MONICA study (Monitoring of Trends and Determinants in Cardiovascular 
Disease). IL28B rs12979860 genotype was assessed in all 932 samples as described above. The results 
are summarized in Figure 1. 

 

 
Figure 1. 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 when compared 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 increased the risk of the need for liver transplantation (OR 2.29, CI 1.19–
4.41). The differences in the CC genotype frequency found between 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.  

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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4.3 The IFNL4 ss469475590 TT|ΔG genotyping does not improve prediction of SVR in HCV-
infected Czech patients (unpublished data) 
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. 

 

 

 

 

 

 

 

 

Table2. IL28B rs12979860 and IFNL4 ss469475590 genotype frequencies in HCV-infected patients 
and in healthy Czech population controls. 

 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  

HCV infection represents the most common cause of chronic liver failure and indication for 
liver transplantation (OLTx) in western countries (Charlton M. et al., 2004). Hepatitis C 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 (Berenguer M. et 
al., 2002). Fibrosis progression may be reversed by successful antiviral treatment and SVR 
achievement. 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  transplanted 
owing to liver cirrhosis C from 1995 to 2013, from a total of 957 patients who underwent OLTx in 
IKEM.  Eighty-two patients got antiviral treatment, 67 were not treated. The antiviral treatment was 

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%) 
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administered according to current guidelines: until 2002 conventional IFN-α, since 2002 PEG-IFN-α 
with RBV. 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). 

 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: 3 years 79.3%, 5 years 72.5% and 10 years 62.9% (all non-HCV 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).  

 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). 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%).  

 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 achieve SVR. The difference 
was not statistically significant (p = 0.46). The IL28B CC genotype did not predict treatment outcome 
in our cohort of patients.   

4.5 Prediction of HCV-treatment response in patients on maintenance haemodialysis  

HCV-infected patients with end-stage renal disease (ESRD) have increased all-causes 
mortality when on maintenance haemodialysis (Espinosa M. et al., 2001). 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 these negative impacts, most of the patients with ESRD remain 
untreated (Goodkin D.A. et al., 2013). The reason for treatment deferral is undoubtedly the burden 
of IFN-α therapy (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 with ESRD was 
important. 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. All patients were treated for 48 weeks with PEG-IFN-α2a at a 
reduced dose of 135 μg once weekly. Twenty three patients (59%) with haemoglobin level >100 g/l at 
baseline were concurrently treated with RBV at reduced dose. The ESRD patients were compared 
with the group of 109 treatment-naïve Caucasian patients infected with genotype 1b and normal 
kidney function who were treated with PEG-IFN-α2a at a standard dose of 180 μg, together with 
weight-adjusted RBV.  

Results. ESRD patients were significantly older, had lower baseline ALT activity, significantly 
lower initial HCV viral load (IVL) and achieved higher rate of EVR.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, 
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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 2).  

 
Figure 2. 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 a 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 the control group and IL28B and IFNL4 did 
not prove to be significant determinants of SVR in ESRD patients (Figure 3).  

 
 Figure 3. Prediction of SVR based on the IL28B genotype, viral load and demographic data. 
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4.6 The role of ISG expression in patients with liver cirrhosis treated with PEG-IFN-α, RBV and 
first-generation protease inhibitors 

 Since 2011, direct-acting antivirals (DAA) inhibiting the HCV enzymes crucial for its replication 
have entered into clinical practice, administered either together with PEG-IFN-α and RBV or in 
different combinations as interferon-free regimens since 2014. 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. The first DAAs, 1st generation NS3-4A protease inhibitors, boceprevir (BOC) and 
telaprevir (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 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 
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.  

 Patients and treatment outcomes. Twenty six patients with HCV and advanced liver fibrosis 
or cirrhosis (METAVIR score ≥ F3) were treated and enrolled in the statistical analysis. All patients 
were Caucasians infected with genotype 1, all had been treated previously at least once with PEG-
IFN-α and RBV, 16 were non-responders (NR) and 10 relapsers (REL). The distribution of IL28B 
rs12979860 genotypes in these patients was as follows: CC 2/26, CT 16/26 and TT 8/26. Eleven 
patients had fibrosis F3 and 15 had fibrosis F4 according to the Metavir score. Fourteen patients 
were treated with 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, 12 patients were treated with 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. 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 (Figure 5A). 

 Initial gene expression. The initial expression of IFNLR1 was decreased in comparison with 
the group of healthy volunteers whereas expression of CXCL9, IFI16, IFI27, IFNG, ISG15 and USP18 
was slightly upregulated compared with healthy controls. 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). A significant difference in the initial expression of CXCL9, IFNG and USP18 was found 
between the groups of SVR and non-SVR patients (Figure 4). Not surprisingly, the initial ISG 
expression was independent on HCV viral load and patients´ age.  

 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 Figure 4. The 
course of the gene expressions at different time points did not correlate with HCV RNA levels. 

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. Out of 7 



16 
 

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 3 and Figure 5B). In multivariate analysis, the initial 
expression of USP18 remained the only predictor of SVR in our cohort (p = 0.047).  

 

Figure 4. 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).  
 

 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 3. Predictive value of pretreatment variables and initial gene expressions (fold difference in 
comparison with healthy controls) for SVR achievement.  
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Figure 5. 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.  

 

5.      General discussion  

The published suggestion to use the IFNG rs2069707 -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 data (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, IL28B genotyping could be important to evaluate the 
risk of HCC in patients with HCV cirrhosis.  

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.  

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 infection. 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, 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 
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decision to initiate the IFN-based therapy and to 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 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. Moreover, 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 in one 
of the study arms 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.   

In 2017, IFN-based therapies are still being used because of limited availability of IFN-free 
regimens in the Czech Republic. The assessment of predictive factors of SVR is therefore important: 
we can quite reliably select individuals with low probability to achieve SVR and prevent adverse 
events related to IFN therapy, especially in patients with cirrhosis.  

6.      Conclusions 

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, IL28B genotype was not a reliable predictor 
of treatment outcome.  

5. 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 in patients on maintenance haemodialysis.  

6. We demonstrated that the expression of selected genes (CXCL9, IFI16, IFI27, IFNG, ISG15, 
USP18) in PBMC is increased in patients infected with genotype 1 and advanced liver disease 
treated by PEG-IFN-α, RBV and a first generation protease, 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. Virus 
elimination was accompanied by increased expression of USP18 gene during 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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