Clinical/and Experimental

ATOLOGY

Clin Exp HEPATOL 2017; 3, 1: 16-22
DOI: https://doi.org/10.5114/ceh.2017.65279
Received: 25.11.2016, Accepted: 03.01.2017, Published: 20.01.2017

Original paper

Association of TNF-a and CCL5 with response
to interferon-based therapy in patients

with HCV 1 genotype

Dzmitry Danilau, Dzmitry Litvinchuk', Nikita Solovey', Olga Krasko?, Igor Karpov'

'Belarusian State Medical University, Minsk, Belarus

ZThe United Institute of Informatics Problems of the National Academy of Sciences of Belarus, Minsk, Belarus

Abstract

Aim of the study: To evaluate the role of potential genetic predictors ~308G/A TNF-a and -403G/A CCL5 in
treatment for HCV 1 genotype.

Material and methods: Treatment results of 130 patients with chronic hepatitis C 1 genotype according to
different genotypes of 1L28B, CCL5, and TNF-o were analysed using multiple logistic regression.

Results: 1L28B genotypes CC/CT/TT were found in 27 (20.8%), 74 (56.9%), and 29 (22.3%) patients. Genotypes
GG/GA/AA of -308G/A TNF-o were revealed in 98 (75.4%), 30 (23.1%), and 2 (1.5%) patients. Genotypes
GG/GA/AA of -403G/A CCL5 were revealed in 86 (66.2%), 39 (30%), and 5 (3.8%) patients, respectively.
The previously known effect of IL28B was observed. IL28B TT genotype decreased end of treatment response
(EOTR) rates by a factor of 29.0 (95% CI: 6.4-183). The combination of CCL5 GG and IL28B CT genotypes
increased the risk of failure to achieve EOTR by a factor of 28.5 (95% Cl: 7.2-160). Genotypes GA and AA of
TNF-o (-308) G/A SNP increased the risk of relapse in patients who achieved EOTR (OR = 9.4; 95% Cl: 2.4-48).

Conclusions: Practitioners may benefit from using these predictors when considering indications for the antiviral

therapy and deciding on the treatment regimen.
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Introduction

Currently, more than 180 million people worldwide
are infected with chronic hepatitis C [1]. Hepatitis C
virus persists in 55-85% of cases of acute hepatitis C.
Persistence of infection causes progredient liver tissue
damage and a deterioration in liver function. Age, male
sex, and duration of chronic infection are associated
with disease in progression rates [2]. Moreover, higher
duration of chronic disease results in an increased risk
of cirrhosis formation (up to 20-30% in patients after
20 years) [3, 4]. Hepatitis C virus and human immuno-
deficiency virus coinfection (HCV/HIV) dramatically
increases cirrhosis incidence rate and risk of further liv-
er function decompensation [5]. The overall incidence

of liver failure and hepatocellular carcinoma (HCC) in
patients with cirrhosis is around 2-5% and 1-4% per
year, respectively [6]. HCV-infection and related se-
quelae lead to more than 500,000 deaths annually [7].

Hepatitis C virus has seven distinct genotypes (num-
bered 1 to 7) and up to 67 subtypes (indicated by the
letter following the genotype) [8]. All genotypes have
specific geographic distribution and genetic diversity,
except genotype 5, which has only one subtype - 5a.
Reports on novel genotype 7 from Central Africa
emerged in 2015 [9].

The most widespread genotype is genotype 1 (sub-
type 1b), which comprises up to 46% or more than
80 million patients with chronic hepatitis C. The HCV
genotype 3 prevalence rate among patients with chronic
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hepatitis C is around 30%, and genotypes 2, 4, and 6 are
causative of around 22.8% of total chronic hepatitis C
cases. The prevalence of genotype 5 is less than 1% [1].
The prevalence of genotype 7 remains unclear.

The type and duration of antiviral treatment for
HCV infection mainly depend on virus genotype. It is
true not only for interferon-based therapies but also for
interferon-free schemes [10]. Simultaneous infection
with several HCV genotypes is possible and is called
mixed infection. A possible cause of the mixed geno-
type HCV-infection is repeated exposure to a source
of infection, which is the attribute of intravenous drug
users and patients with haemophilia [11]. Selection of
HCV genetic variant with moderate drug resistance in
mixed infection may be one of mechanisms of viral es-
cape in interferon-based therapy [12].

Globally in the next 20 years the rates of HCV-related
advanced liver diseases and direct healthcare costs will
increase, despite the reduction in chronic hepatitis C
prevalence [13].

Interferon-based treatment options provide rates of
SVR (sustained virological response) at 36-63% [14, 15]
(or, 482-602 per 1000 treated patients [16]).

PEG-IFN and ribavirin are still being used in the
countries with low and lower middle income, and
where direct acting antivirals are not available (or are
not approved). Such therapy option is usually used in
the treatment of children and adolescents. Due to the
high rate of the severe side effects in patients with inter-
feron-based treatment and relatively low levels of SVR,
it is important to evaluate the chances for a positive out-
come before starting antiviral treatment.

Over the past decade, several genome-wide associa-
tion studies (Ge et al., Tanaka et al.) discovered two sin-
gle-nucleotide polymorphisms (SNPs, rs12979860C/T,
and rs8099917T/G) near the IL28B gene on chromo-
some 19. These SNPs demonstrate the ability to modify
the outcome of antiviral treatment for chronic hepati-
tis C with PEG-IFN and ribavirin [18, 19]. In patients
with rs12979860CC genotype (or IL28B CC) and HCV
genotype 1 treatment for chronic hepatitis C with PEG-
IFN and ribavirin has a success rate of 80%, but with
SNP IL28B TT this therapy succeeds only in 25% of
patients. IL28B CT shows an intermediate effect on
the treatment outcome; about 20-40% of patients with
chronic hepatitis C 1 genotype reach sustained virolog-
ical response [19]. A similar effect of rs12979860C>T
on the treatment response is observed in patients with
HCYV genotype 2 and 3 [20].

This SNP IL28B rs12979860 C>T also affects the
natural course and therapy outcome in patients with
HCV recurrence after liver transplantation. In the case
of aliver graft reinfection of the donor’s IL28B genotype

but not the recipient’s one has a higher influence on
the disease course and treatment outcome. Although
IL28B genotype CC predicts high alanine aminotrans-
ferase level and viral load in liver graft it also increases
sustained virological response rates to IFN-based treat-
ment [21].

There are still no new host genetic factors with an
IL28B-like manner and potency of prediction. Never-
theless, some non-IL28B genetic polymorphisms tend
to interfere with pathophysiological mechanisms com-
mon to several diseases (including HCV infection).

Chemokines as a protein family play a significant
role in immunological and inflammatory processes.
Chemokine CCL5 or RANTES (regulated on acti-
vation, normal T cell expressed and secreted) acts as
a chemoattractant for monocytes, T helpers, and eo-
sinophils. CCL5 activates hepatic stellate cells and en-
hances migration of immune cells in chronic hepatitis
C including Th1, which is crucial for immune control
over HCV [22]. Endothelium cells of the hepatic por-
tal system express CCR5-associated chemokines on
their surface. In the course of chronic hepatitis C, the
amount of expressed chemokines increases together
with a number of attracted immune cells and their cy-
totoxic activity [23, 24].

Tumour necrosis factor a or TNF-a is an important
cytokine, which provides proinflammatory and apop-
totic stimuli in the context of immune system func-
tion. TNF-a acts in the immune response against tu-
mours and viral agents. There is the single-nucleotide
polymorphism in the TNF-a encoding gene — SNP
rs1800629GA or TNF-308. The presence of the TNF-308
mutation in the TNF gene increases expression levels of
its product, cytokine TNF-a.

Several studies show opposite results concerning the
role of TNF-a rs1800629 in the natural course and anti-
viral therapy for chronic hepatitis C [25-27]. The results
show the absence of any TNF-a-308G/A influence on
the natural course and treatment outcome of chronic
hepatitis C and suggest a modification of HCC devel-
opment risk [28].

Material and methods

A group of 130 eligible patients with chronic hep-
atitis C were studied in the Hepatology Centre, Minsk
City Clinical Hospital of Infectious Diseases, Belar-
us. The diagnosis of chronic hepatitis C was defined
by positive anti-HCV and detectable HCV RNA (ri-
bonucleic acid) in serum for more than six months.
The patients in this study were selected according to
the following criteria: age between 18 and 65 years,
1 genotype of HCV, no contraindications for interferon-
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based therapy, negative HBsAg, and absence of cirrho-
sis. This study included patients with only 1 genotype
of HCV because of its high prevalence in Belarus, and
because there are the well-known host genetic factors
that affect the outcomes of interferon-based treatment
in patients with HCV 1 genotype (mainly IL28B).
Patients were excluded if there was treatment discon-
tinuation or interruption due to severe side effects,
comorbid liver disease, malignancy, HIV coinfection,
liver transplantation, or immunosuppressive thera-
py. The evaluation of fibrosis was made with transient
elastography. In addition, the patients with clinical and
other paraclinical signs of the portal hypertension were
excluded.

Ethical approval

All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the institutional and national research
committee and with the 1975 Helsinki declaration and
its later amendments or comparable ethical standards.

Informed consent

This was obtained from all participants included in
the study.

Treatment protocol

Each patient received a subcutaneous injection of
PEG-IFN (pegylated interferon a-2a/a-2b) once per
week or short IFN-a-2a (interferon a-2a) three times
a week. The dose of PEG-IFN a-2a was 180 ug togeth-
er with oral RBV (1000 mg/day for patients < 75 kg in
weight and 1200 mg/day for patients > 75 kg in weight).
The dose of PEG-IFN-a-2b was 1.5 pg/kg body weight
together with oral RBV (800 mg/day for patients < 65 kg;
1000 mg/day for patients > 65 kg and < 80 kg; 1200 mg/
day for patients > 85 kg and < 105 kg; 1400 mg/day for
patients > 105 kg). The dose of IFN-a-2a was 3,000,000
ME with oral RBV (1000 mg/day for patients < 75 kg in
weight and 1200 mg/day for patients > 75 kg in weight.
Quantitative HCV RNA in patients was assessed by
using PCR (polymerase chain reaction) at baseline, at
week 12, 24, and 48, and 24 weeks after treatment cessa-
tion. Sustained virological response (SVR) was consid-
ered a positive treatment outcome, defined as undetect-
able HCV RNA six months after the end of treatment.
End of treatment response (EOTR) was defined as un-
detectable HCV RNA at the end of week 48. Relapse
was defined as undetectable HCV RNA at the end of
treatment but detectable HCV RNA within 24 weeks of

completing treatment. Null virological response (NVR)
was defined as less than a two log drop in HCV RNA
level by week 12 of treatment. Viral breakthrough was
defined as undetectable HCV RNA during treatment
followed by detectable HCV RNA during treatment.

HCV detection, quantitative analysis,
and genotyping

Qualitative and quantitative analysis of HCV RNA
were performed with RealBest RNA HCV commercial
PCR kit (Russian Federation) and Rotor-gene 6000,
Corbett Research (Australia). The specificity of the
PCR kit included HCV 1a, 1b, 2a, 2b, 2¢, 2i, 3, 4, 5a, and
6 genotypes with an RNA detection limit of > 15 ME/ml.
The linear range was from 10> ME/ml to 10®* ME/ml.
Genotyping of HCV was performed with a commercial
kit RealBest RNA HCV-genotype 1/2/3 (Russian Fed-
eration). The specificity of the genotyping kit included
HCV 1a, 1b, 2a, 2b, 2c, 2i, 3, 4, 5a, and 6 genotypes, and
the sensitivity threshold was > 400 ME/ml.

DNA collection and extraction

Genetic features of the patients were evaluated in
the Institute of Genetics and Cytology of the National
Academy of Science, Belarus. Genetic sampling from
the buccal epithelium was carried out for the study.
The buccal epithelium was taken from an internal
cheek surface mucosa smear with a cotton swab. DNA
(deoxyribonucleic acid) purification from the buccal
scrape (phenol-chloroform extraction), PCR, endo-
nuclease restriction, agarose, and polyacrylamide gel
electrophoresis were conducted. To determine genom-
ic variants in the SNPs (single nucleotide polymor-
phisms) of IL28B (Interleukin 28B), TNF-a (tumour
necrosis factor alpha), and CCL5 (Chemokine (C-C
motif) ligand 5) genes, all samples were genotyped us-
ing PCR-RFLP (polymerase chain reaction - restric-
tion fragment length polymorphism) analysis.

IL28B genotyping

The PCR was performed in 15 pl reaction mixture
containing 1xPCR buffer, 0.25 mM of each dNTP,
0.4 uM of each primer, 1.3 mM of MgCl,, and 1.05 U
of Tag DNA polymerase. The thermal cycling con-
ditions were: denaturation at 95°C for four minutes,
subsequently 36 cycles of denaturation at 95°C for
30 seconds annealing at 60°C for 20 seconds and ex-
tension at 72°C for 30 seconds. This was followed by
the final extension step at 72°C for three minutes.
The amplified product size was 238 bp. The PCR
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products were digested with endonuclease Bsh12361
(BstUI) for 16 hours at 37°C, resolved on 8% poly-
acrylamide gel, and analysed. For samples with ‘C’ al-
lele in the polymorphic site 136, 77 and 25 bp bands
were detected, while those with “T” allele had 161 and
77 bp bands.

TNF-o —308G/A genotyping

Each 15 pul PCR reaction comprised 1.05 U of Taq
DNA polymerase, 1 x PCR buffer, 0.25 mM of each
dNTP, 0.5 uM of each primer, and 1.5 mM of MgCL,.
An initial incubation step of four minutes at 95°C was
followed by 31 three-step amplification cycles of 30
seconds at 95°C for denaturation, 40 seconds at 58°C
for annealing, 40 seconds at 72°C for extension, and
a final five-minute extension at 72°C. The amplified
product size was 108 bp. Restriction digestion was car-
ried out in 15 pl volume in the presence of 1.5 U Ncol
endonuclease. The restriction mixture was incubated
for 16 hours at 37°C. The restricted fragments were de-
tected in 8% polyacrylamide gel. The presence of the
A allele was indicated by the presence of 86 and 22 bp
fragments, whereas the ‘G’ allele resulted in a 108 bp
fragment.

CCL5 -403G/A genotyping

DNA was amplified in a 15 pl reaction mixture con-
taining 1.05 U of Taq DNA polymerase, 1 x PCR buf-
fer, 0.25 mM of each ANTP, 0.5 uM of each primer, and
1.5 mM MgCl,. PCR was carried out under the follow-
ing thermal cycling conditions: stage 1 — 95°C for five
minutes; stage 2 - 95°C for 20 seconds, 60°C for 20 sec-
onds, and 72°C for 20 seconds, for a total of 35 cycles;
stage 3 - 72°C for three minutes. The amplified prod-
uct size was 188 bp. The restriction mixture contained
1 U of MnllI endonuclease and the corresponding buffer
up to 15 ul per probe. The PCR products were incubated
for 16 hours at 37°C. The restricted fragments were de-
tected in 8% polyacrylamide gel. The presence of the A
allele was indicated by the presence of a 148 bp fragment,
whereas the ‘G’ allele resulted in a 139 bp fragment.

Statistical analysis

The Hardy-Weinberg equilibrium was assessed by
a * test with 1 df. For univariate analysis, categorical
variables were compared by Fisher-Freeman-Halton
exact test, the difference between groups in age was
compared using Mann-Whitney test. Estimation of in-
teractions between the studied SNPs (IL28B and CCL5)
influencing the response was performed by odds ratio

and Breslow-Day test for homogeneity of the odds ra-
tio.

Logistic regression modelling was used to establish
the importance of the predictors for each dependent
variable (EOTR and non-EOTR; SVR and relapse).
QOdds ratios (ORs) with 95% confidence intervals (CIs)
were calculated for predictors. Paired relative impor-
tance of predictors was estimated as the ratio of the
two corresponding standardised coefficients [17].

P-values < 0.05 were considered statistically signif-
icant.

Analyses were conducted using R version 3.3.0 soft-
ware (R Project for Statistical Computing, http://www.
r-project.org).

Results

Among the studied population with chronic hepa-
titis C 1 genotype 72 (55.4%) patients were female and
58 (44.6%) patients were male. The mean age of the
130 patients was 39.5 years. Of the 130 patients
CC/CT/TT genotypes of IL28B rs12979860 were found
in 27 (20.8%), 74 (56.9%), and 29 (22.3%) patients,
respectively. PEG-IFN and short IFN were used in 92
(70.8%) and 38 (29.2%) patients, respectively. The pro-
portion of C and T alleles of IL28B rs12979860 was
49.23% and 50.77%. Hardy-Weinberg equilibrium
showed a p-value of 0.1137 for IL28B rs12979860. Gen-
otypes GG/GA/AA of -308G/A TNF-a SNP were re-
vealed in 98 (75.4%), 30 (23.1%) and 2 (1.5%) patients.
The frequencies of G and A alleles of -308G/A TNFa
amounted to 86.9% and 13.1%, respectively. Hardy-
Weinberg equilibrium showed a p-value of 0.8633 for
-308G/A TNF-a. Genotypes GG/GA/AA of -403G/A
CCL5 SNP were revealed in 86 (66.2%), 39 (30%), and
5 (3.8%) patients, respectively. The frequencies of G
and A alleles of -403G/A CCL5 SNP amounted to
81.15% and 18.85%, respectively. Hardy-Weinberg equi-
librium showed a p-value of 0.8263 for -403G/A CCLS5.
Due to their small number, patients with genotype AA
-308G/A TNF-a and genotype AA -403G/A CCL5
were combined for statistical analysis with carriers of
GA -308G/A TNF-a (AA + GA —308G/A TNF-a) and
GA -403G/A CCL5 (AA + GA -403G/A CCL5), re-
spectively.

Table 1 presents baseline characteristics of 130 pa-
tients according to the therapy results (after 48 weeks).

The analysis revealed a statistically significant dif-
ference between frequencies of the IL28B genotypes
and IFN type in patients with the end of treatment re-
sponse and treatment failure (p < 0.001).

We obtained heterogeneity in the interaction of
IL28B and CCL5 influencing EOTR (p < 0.001). Evalu-
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Table 1. Baseline characteristics of 130 patients after 48 weeks of treatment

Factor End Non-EOTR (null response, p
of treatment partial response,
response, breakthrough),
n = 65 (50%) n = 65 (50%)

Age (years) 0.560
Range 21-64 20-63
Mean +SD  39.2+12.8 39.7 £10.1

Sex, n (%) 0.022
Female 43 (66) 29 (45)
Male 22 (34) 36 (55)

IFN type, n (%) < 0.001
IFN 9(14) 29 (45)
PEG-IFN 56 (86) 36 (55)

IL28B, 1 (%) <0.001
cc 24 (37) 3(5)
T 31(48) 43 (66)
T 10(15) 19 (29)

TNF-at, n (%) 0.839
AA +GA 17 (26) 15(23)
GG 48 (74) 50 (77)

CCLS, n (%) 0.578
AA + GA 24 (37) 20 (31)
GG 41 (63) 45 (69)

EOTR - end of treatment response, IFN - interferon o.-2a, PEG-IFN - pegylated
interferon at2a/ou2b, IL28B - interleukin 28B, TNF-a. ~ tumour necrosis factor alpha,
CCL5 - chemokine [C-C motif] ligand 5

ation of interactions between the studied SNPs revealed
obvious synergy between IL28B CT and -403G/A CCL5
GG genotypes in the prediction of failure to achieve
EOTR (Table 2).

Since an interaction between genotypes IL28B and
CCL5 (Table 2) had been established, we carried out
modelling using independent variables (sex, IL28B,
and CCL5) with and without the interaction of the
SNPs. The model with the interaction (Table 3) gave
better statistical results compared to the model with-
out the interaction (p = 0.002).

The following data from Table 3, using short IFN,
decreased the chances for the end of treatment response

Table 2. Interactions between SNPs affecting EOTR

by a factor of 6.1 (95% CI: 2.1-21) over PEG-IFN. Male
sex decreased the chances for the achievement of the
end of treatment response by a factor of 3.7 (95% CIL:
1.5-9.7).

TT IL28B genotype was found to decrease the
chances for the end of the treatment response by a fac-
tor of 29.0 (95% CI: 6.4-183) compared with CC IL28B.

CT IL28B genotype together with GA or AA CCL5
genotype decreased the chances of EOTR by a factor of
7.0 (95% CI: 1.5-160) compared with CC IL28B gen-
otype (independently of CCL5). The combination of
CT IL28B and GG CCL5 genotypes decreases the
chances for EOTR by a factor of 29 (95% CI: 6.4-
183), and TT IL28B genotype independently of CCL5.
Genotypes IL28B CT with CCL5 GG had statistically
higher relative importance (p = 0.004) than genotypes
IL28B CT with CCL5 GA or AA, and it did not differ
from that of IL28B T'T genotype (p = 0.169).

Table 4 presents baseline characteristics of patients
with relapse or SVR after EOTR.

Multivariate analysis was used to identify the
factors affecting the risk of the treatment relapse;
-308G/A TNF-a GA or AA genotype increased the
risk of relapse by 9.4 times (95% CI: 2.4-48). In ad-
dition, IL28B TT genotype, independently of CCL5
genotype or combination of IL28B CT and CCL5 GG
genotypes, increased the risk of relapse by a factor of
7.2 times (95% CI: 1.9-37) compared with IL28B CC
genotype or a combination of IL28B CT and CCL5
GA/AA genotypes (Table 5).

Discussion

In this study, SVR was observed in 49 (37.7%) of 130
patients.

Prognostic predictors for assessing the risk of
non-achieving EOTR and relapse were established.
The use of short IFN (OR = 6.1; 95% CI: 2.1-21), male
sex (OR =3.7;95% CI: 1.5-9.7) were found to decrease
the chances for the end of treatment response. IL28B
TT genotype also caused a negative effect, decreasing
EOTR rates by a factor of 29.0 (95% CI: 6.4-183). Ap-
parently, these results reveal the crucial role of IL28B

IL28B CC, n = 27 IL28B CT,n = 74 IL28B TT, n = 29
EOTR Non-EOTR EOTR Non-EOTR EOTR Non-EOTR
CCL5 AA + GA 7(29) 3(100) 15 (48) 7(16) 2(20) 10(53)
CCL5 GG 17(71) 0 16 (52) 36 (84) 8 (80) 9 (47)
0dds ratio 0(0-13) 47(1614.1) 0.2 (0-1.4)

SNP - single nucleotide polymorphism, EOTR - end of treatment response, IL28B - interleukin 288, CCL5 - chemokine [C-C motif] ligand 5
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Table 3. Multivariate analysis of response (non-EOTR vs. EOTR)

Factor 0dds ratio  95% confidence p
interval

Treatment 0.002
PEG-IFN Reference
IFN 6.1 2.1-21

Sex 0.006
Female Reference
Male 3.7 1.5:9.7

IL28B
cC Reference
CT with CCL5 (GA or AA) 7.0 1.5-160 0.022
CT with CCL5 (GG) 285 7.2-160 <0.001
T 29.0 6.4-183 < 0.001

EOTR - end of treatment response, PEG-IFN - pegylated interferon ov2a/0L2b,
IFN - interferon o.2a, IL28B - interleukin 288, CCL5 - chemokine [C-C motif] ligand 5

in efficacy prediction of interferon-based treatment for
chronic hepatitis C 1 genotype.

Analysis of the interaction between genetic predic-
tors revealed that CCL5 GG and IL28B CT decreased
the chances of EOTR when presented simultaneously.
Patients with combinations of these genotypes had in-
creased risk of failure to achieve EOTR by a factor of
28.5 (95% CI: 7.2-160). Furthermore, the combination
of CCL5 GG and IL28B CT contributed to treatment
failure risk at the same level as IL28B TT.

Patients with chronic hepatitis C, who achieve
EOTR due to interferon-based treatment, may benefit
from using TNF-a (-308) G/A SNP as an independent
predictor of relapse. Genotypes GA and AA of TNF-a
(-308) G/A SNP were found to significantly increase
the risk of relapse in patients who achieved the end of
treatment response (OR = 9.4; 95% CI: 2.4-48).

Conclusions

The effect of the well-known predictor IL28B was
also observed in this study. Two SNPs (CCL5 and TNF-a
[-308] G/A) were found to increase the quality of pre-
diction by IL28B in patients with chronic hepatitis C
1 genotype. These results may provide benefits for prac-
titioners, particularly when deciding on a treatment
regimen. However, novel additional predictors require
further investigation and verification on larger numbers
of patients.
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