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Abstract

Aim of the study: To determine distribution of rs12979860 genotypes, their correlations with viral load as well 
as inflammatory activity and stage of liver fibrosis in patients infected with HCV genotype 1.

Material and methods: The study included 132 patients infected with HCV genotype 1b. Serum viral loads were 
obtained with the PCR method. Rs12979860 polymorphisms were determined by sequencing of PCR products. 
Liver biopsy was performed in all patients.

Results: CT, TT and CC alleles of rs12979860 polymorphism were detected in 58%, 20% and 22% of patients 
respectively. The highest viral load was observed in the TT and the lowest in the CC group (72.0 × 106 IU/ml vs. 
2.1 × 106 IU/ml, p < 0.005). A significant correlation was demonstrated between patient’s age and inflammatory 
activity as well as degree of liver fibrosis. No association was found between liver histopathology and HCV viral 
load or rs12979860 genotypes.

Conclusions: There is an association between HCV viral load and rs12979860 polymorphism. Inflammatory 
activity and stage of liver fibrosis depend on age, but there is no relationship with rs12979860 genotypes and 
HCV viral load.
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Introduction

Efficacy of the standard therapy for chronic HCV 
genotype 1 infection, consisting of pegylated interfe­
ron alpha (PegIFNα) and ribavirin (RBV), is 40-60%. 
Addition of the first generation direct acting antivirals 
(DAA) – telaprevir or boceprevir – increases effica­
cy in treatment naive patients up to 75%. Further new 
DAA drugs, in the late stage of development or even 
registration procedures, combined with PegIFNα or 
RBV, as well as within interferon-free regimens, allow 
a  sustained virological response (SVR) to be achieved 
in more than 90% of patients, regardless of their prior 
treatment response or severity of liver disease [1,2]. 

However, due to high costs, in the near future access to 
these drugs will probably be limited to patients with the 
highest risk of progression of liver disease.

High potency of new antivirals is not necessarily 
equivocal to their ability to improve liver function and 
structure. Adverse effects of these drugs may occasion­
ally have a  deteriorating effect on liver morphology. 
Currently, the inhibitory or even reversing activity of 
liver fibrosis is in fact documented only for α inter­
ferons, used in the treatment of chronic hepatitis C 
(CHC) [3,4].

A  single nucleotide polymorphism (SNP) in the 
rs12979860 region of human chromosome 19 is respon­
sible for encoding specific amino acid sequences of the 
protein molecules called exons. Exons are separated in 
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the gene by introns, which are non-coding sequences. 
Just before transferring the RNA particle from the 
nucleus to the cytoplasm, the introns are cleaved and  
exons are combined to form a complete particle of mes­
senger RNA (mRNA) encoding polypeptides. Newly 
formed nucleic acid encodes numerous polypeptides 
playing an important role in the immune activity, meta­
bolic processes and apoptosis of the cell [5]. The impact 
of rs12979860 polymorphism has been documented 
mainly in relation to the efficacy of antiviral therapy 
in patients infected with genotype 1 HCV. Numerous 
studies have revealed that CC configuration of alleles 
in the rs1297986 region, in contrast to CT and TT, is 
a positive prognostic factor of spontaneous clearance of 
infection and response to the treatment [6,7].

Rs12979860 polymorphism and the treatment re­
sponse after 4 and 12 weeks of therapy were considered 
the most important predictors of treatment efficacy 
[8]. Introduction of DAA to the antiviral therapy com­
pensated for unfavorable genetic conditions associated 
with the T allele. However, the influence of rs12979860 
polymorphism on the immune status as well as cell 
metabolic pathways including self-repairing abilities 
remains to be clarified.

The aim of the study was to determine the influ­
ence of rs12979860 genotypes on HCV viral load be­
fore treatment as well as to reveal possible correlations 
between rs12979860 polymorphism and inflammatory 
activity or stage of fibrosis.

Material and methods

The study included 132 patients: 62 women and 
70 men, aged 19 to 66 (mean age 41). All patients were 
chronically infected with genotype 1b HCV and were 
treatment naïve. Patients with HBV or HIV coinfections 
and with noninfectious liver diseases which could influ­
ence the morphology or functioning of the liver were 
excluded. 

HCV-RNA in serum was measured by the RT-PCR 
method with starters of reaction specific to the 5’ end 
of the noncoding region in the viral genome (5’-UTR). 
The viral genotype was determined by direct sequenc­
ing of the PCR product.

Rs12979860 polymorphism was evaluated using 
sequencing of the PCR product, including the SNP 
specified earlier. Sequencing was performed by chain 
termination synthesis using Big Dye Terminator v. 3.1 
Cycle Sequencing Kit (Applied Biosystems, USA). Iso­
lation of DNA from whole blood and RNA from serum 
was performed in an automated system with a magnetic 
technique for the extraction of nucleic acids EasyMag 
(BioMerieux, France) according to the manufacturer’s 

protocol, using ready-made reagents of this manufac­
turer. Blood proteins were denatured before isolation  
by incubation with proteinase K (Sigma-Aldrich). PCR 
reaction was performed using Taq DNA polymerase and 
a dNTP mixture (EURx, Gdańsk). Reverse transcription 
was performed using Tth polymerase (Epicentre, USA). 
Products of PCR intended for sequencing and those  
obtained in chain termination synthesis were purified  
by sets of reagents “Gel-Out” and “Ex-Terminator” 
(DNA II Gdańsk). DNA sequencing was performed in 
the automated capillary sequencer Genetic Analyzer 
3500 (Applied Biosystems, USA). The obtained sequenc­
es were analyzed by the BLAST program (NCBI, USA).

Percutaneous liver biopsy was performed during 
qualification for the treatment. The procedure was 
executed in local anesthesia (lidocaine). The sample 
was obtained from the right liver lobe by the Mengh­
ini method using disposable sets – Hepafix Luer Lock 
(Braun) and the 16G needle. Immediately after the liver 
tissue was taken, it was fixed in 4% buffered formalin 
solution and embedded in paraffin. The sections were 
stained with hematoxylin and eosin to determine the in­
flammatory cell infiltrations and with Sirius red, visual­
izing the connective tissue. Morphology of the liver (in­
flammatory activity and stage of fibrosis) was evaluated 
according to the Scheuer score ranging from 0 to 4 [9].

The study was performed with the approval of the 
local Bioethical Committee in patients who provided 
informed consent.

Statistical analysis was performed using the Mann- 
Whitney U, Spearman’s correlation and logistic regres­
sion tests. A p value < 0.05 was considered statistically 
significant.

Results

CT genotype of rs12979860 polymorphism was de­
tected in 58% of patients, CC and TT in 22% and 20% 
respectively. Prevalence of CC, CT and TT genotypes 
among women and men was comparable (Fig. 1).

The highest HCV viral load was detected in the 
group of patients with genotype TT and the lowest was 
associated with CC genotype. As shown in Figure 2, 
statistically significant differences were demonstrated 
between particular genotypes.

A  statistically significant correlation was demon­
strated between severity of inflammation or stage of 
liver fibrosis and patients’ age (Fig. 3).

Inflammatory activity exceeding a  Scheuer score 
of 2 was found in 8 out of the 28 patients with CC 
genotype (29%). We did not find patients with stage 
of fibrosis exceeding a score of 2 in this group. Among 
patients with CT and TT genotypes, inflammatory ac­
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tivity exceeding a score of 2 was more frequent com­
pared to CC genotype (38% and 37% respectively), but 
it was not statistically significant. Prevalence of liver 
fibrosis exceeding a score of 2 in these two groups was 
also comparable (12% and 11% respectively) (Table 1).

The lowest stages of fibrosis and inflammatory 
activity were observed among patients with CC gen­
otype. Yet, there were no statistically significant differ­
ences as compared to the patients with CT/TT geno­
types (Table 2).

No correlations between HCV viral load and in­
flammatory activity or stage of fibrosis were found 
(Table 3).

Discussion

The prevalence of CT and TT genotypes of 
rs12979860 polymorphism in a  homogeneous group 
of genotype 1 HCV infected patients was 78%, regard­
less of gender. Such a high percentage of the T allele in 

the studied population is unfavorable in comparison to 
other European countries, where the frequency of CC 
genotype exceeds 30% [6,10]. The obtained results sug­
gest that genotype 1 HCV infected patients in Poland 
mostly belong to the group of patients poorly respond­
ing to the treatment with interferon and ribavirin and 
will require more efficient, DAA-based therapy.

In previous studies an association between low 
viral load and CC genotype of rs12979860 polymor­
phism was also observed. In the study published by 
Honda et al. [11], the reason for this may be intense 
synthesis of proinflammatory cytokines, which is ge­
netically conditioned by CC genotype and may induce 
inhibition of replication and clearance of the virus. 
Further proof supporting the hypothesis of more fre­
quent spontaneous HCV elimination in patients with 
CC genotype of rs12979860 is the fact that patients 
with this genotype represent a  smaller proportion of 
genotype 1 HCV infected patients (33.9%) compared 
to the healthy population (49%). This association is 
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Fig. 1. Prevalence of genotypes of the rs12979860 polymorphism in the study 
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not observed in patients infected with genotypes 2 and 
3 HCV (42.7%) [12].

Di Marco et al. [13] reported a correlation between 
increasing age of patients infected with genotypes 1 
and 4 HCV and the stage of fibrosis. In our study, this 
finding was confirmed in relation not only to fibrosis 
but also to inflammatory activity.

Polymorphic changes in particular regions of the 
genome may influence the inflammatory activity and 
fibrosis in the liver. The studies conducted by Trépo 
et al. [14] in patients infected with genotypes 1, 2 and 
4 HCV revealed an association between existence of 
the G nucleotide in the rs738409 region and fibrosis 
as well as steatosis of the liver. Rizk et al. [15] found 
a 13-fold greater degree of fibrosis in patients infected 
with genotype 4 HCV who also had TT genotype of 
rs281437 compared to those with CC genotype.

The opinions regarding the effect of rs12979860 
polymorphism on histological changes in the liver are 
contrary. Sato et al. [16] analyzed data of 28 clinical 
studies which included patients infected with different 
HCV genotypes and suggested that existence of CC 
genotype of the rs12979860 polymorphism and TT 
genotype of the rs8099917 polymorphism promotes 
more intensive inflammation and fibrosis in the liver. 
The influence of genotypes of studied polymorphisms 

on liver steatosis has not been demonstrated. The au­
thors concluded that patients with mentioned geno­
types of polymorphisms are characterized by more 
intensive proinflammatory cytokine synthesis result­
ing in substantial progression of inflammation and 
fibrosis if the virus is not cleared. However, these con­
clusions are questionable because each viral genotype 
has a different influence on the morphology of the liver 
and may also have a different effect, depending on the 
polymorphisms.

According to Honda et al. [11], among genotype 1b 
HCV infected patients there are no associations between 
degree of liver fibrosis and rs8105790, rs11881222, 
rs12979860, rs8099917 or rs7248668 polymorphisms. 
This study confirmed the relationship between the 
polymorphisms and stimulation of the type 1 signal 
transducers and activators of transcription (STAT1). 
The effect of STAT1 stimulation is increased expression 
of interferon stimulated genes (ISG), which may lead 
to stimulation of proinflammatory cytokine synthesis. 
Increased activity of proinflammatory cytokines may 
indeed be responsible for the severity of inflammation 
and necrosis but probably not for fibrosis. An opposite 
opinion is presented by Falleti et al. [10], who reported 
a relationship between TT genotype and stage of fibro­
sis in the liver of HCV infected patients. The authors 

Table 1. Inflammatory activity and stage of fibrosis in relation to the rs12979860 polymorphism

Assessed parameter Points n (%)

CC (n = 28) CT (n = 77) TT (n = 27)

Inflammatory activity
0-2 20 (71%) 48 (62%) 17 (63%)

3-4 8 (29%) 29 (38%) 10 (37%)

Stage of fibrosis
0-2 28 (100%) 68 (88%) 24 (89%)

3-4 0 9 (12%) 3 (11%)

Table 2. Mean score values for degree of fibrosis and inflammatory activity depending of the rs12979860 polymorphism

Assessed parameter
rs12979860

CC (n = 28) CT (n = 77) TT (n = 27)

Inflammatory activity
x

± SE
2.36
0.09

2.38
0.08

2.39
0.15

Stage of fibrosis
x

± SE
1.25
0.09

1.49
0.09

1.49
0.15

Table 3. Serum HCV viral load in relation to the stage of fibrosis and inflammatory activity

Inflammation Fibrosis

0-2 3-4 0-2 3-4

HCV RNA (IU/ml)
×

± SE
2.1 × 107

1.1 × 107

1.5 × 107

1.0 × 107

2.1 × 107

9.2 × 107

9.4 × 106

5.8 × 107
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suggested the possible encoding of pro-fibrotic factors 
by CT and TT genotypes of rs12979860. The results of 
the Eurich et al. [17] study also indicated the unfavor­
able properties of TT genotype, as it was demonstrat­
ed that HCV infected patients having the T allele of 
rs12979860 polymorphism had a  high probability of 
cancer recurrence and significant progression of fibro­
sis after liver transplantation due to hepatocellular car­
cinoma.

Lin et al. [18] also evaluated the fibrotic process in 
the liver of genotype 1 HCV infected patients, and their 
results did not confirm any association between histo­
logic changes in the liver and rs12979860 genotypes. 
Also, the study by Sarrazin et al. [12] carried out in 
patients infected with genotypes 2 and 3 HCV did not 
confirm the relationship between rs12979860 polymor­
phism and histological changes in the liver.

Conclusions

In the studied population the T allele of rs12979860 
polymorphism was found in 78% of patients infected 
with genotype 1b HCV, and its presence especially as 
TT genotype was associated with higher HCV viral 
load. Hepatic inflammation and fibrosis correlated 
with the age of patients but not with the rs12979860 
genotypes.
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