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Abstract

BACKGROUND

Hepatitis C virus (HCV) infection is a public health concern worldwide. Several
factors, including genetic polymorphisms, may be evolved in the progression of
HCV infection to liver diseases. Interferon lambdas (IFNLs) modulate the immune
response during viral infections. IFNLs induce antiviral activity, interfering in the
viral replication by promoting the expression of several genes that regulate
immunological functions. The interferon lambda-4 (IFNL4) rs12979860
polymorphism, which is characterized by a C to T transition in intron 1, is
associated with spontaneous and treatment-induced clearance of HCV infection
and may play a role in the development of HCV-associated liver diseases,
including hepatocellular carcinoma (HCC).

AIM
To investigate the association of IFNL4 rs12979860 polymorphism with fibrosis,
cirrhosis, and HCC in patients with chronic HCV infection.

METHODS

This study was comprised of 305 chronic HCV-infected patients (53 fibrosis, 154
cirrhosis, and 98 HCC cases). The control group was comprised of 260 HCV-
negative healthy individuals. The IFNL4 rs12979860 polymorphism was
genotyped using the TagMan assay. Fibrosis was diagnosed based on liver biopsy
findings, while cirrhosis was diagnosed through clinical, laboratory,

109 January 27,2021 | Volume13 | Issuel |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v13.i1.109
http://orcid.org/0000-0002-0156-4225
http://orcid.org/0000-0002-0156-4225
http://orcid.org/0000-0002-9530-7042
http://orcid.org/0000-0002-9530-7042
http://orcid.org/0000-0003-4012-8650
http://orcid.org/0000-0003-4012-8650
http://orcid.org/0000-0003-4012-8650
http://orcid.org/0000-0001-7300-422X
http://orcid.org/0000-0001-7300-422X
http://orcid.org/0000-0002-5001-246x
http://orcid.org/0000-0002-5001-246x
http://orcid.org/0000-0002-5001-246x
http://orcid.org/0000-0003-1122-8468
http://orcid.org/0000-0003-1122-8468
http://orcid.org/0000-0003-1122-8468
mailto:daniel.simon@ulbra.br

de Bitencorte JT et al. IFNL4 polymorphism in liver disease progression

Committee of Hospital de Clinicas
de Porto Alegre under the protocol
15-0126.

Informed consent statement: All
patients and controls gave
informed consent.

Conflict-of-interest statement: The
authors declare no conflicts of

interest.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE

Statement — checklist of items, and
the manuscript was prepared and
revised according to the STROBE
Statement — checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Genetics and
heredity

Country/Territory of origin: Brazil

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): E

Received: July 31, 2020

Peer-review started: July 31, 2020
First decision: October 23, 2020
Revised: November 9, 2020
Accepted: November 17, 2020
Article in press: November 17, 2020
Published online: January 27, 2021

Jaishideng®

WJH | https://www.wjgnet.com

anatomopathological, and/or imaging data. HCC was diagnosed through
imaging tests, tumor, and/or anatomopathological markers.

RESULTS

The T allele was observed in the three groups of patients (fibrosis, cirrhosis, and
HCCQ) at a significantly higher frequency when compared with the control group (
P =0.047, P < 0.001, and P = 0.01, respectively). Also, genotype frequencies
presented significant differences between the control group and cirrhosis patients
(P <0.001) as well as HCC patients (P = 0.002). The risk analysis was performed
using the codominant and dominant T allele models. In the codominant model, it
was observed that the CT genotype showed an increased risk of developing
cirrhosis in comparison with the CC genotype [odds ratio (OR) = 2.53; 95%
confidence interval (CI): 1.55-4.15; P < 0.001] as well as with HCC (OR = 2.54;
95%Cl: 1.44-4.56; P = 0.001). A similar result was observed in the comparison of
the TT vs CC genotype between the control group and cirrhosis group (OR = 2.88;
95%Cl: 1.44-5.77; P = 0.001) but not for HCC patients. In the dominant T allele
model, the CT + TT genotypes were associated with an increased risk for
progression to cirrhosis (OR = 2.60; 95%Cl: 1.63-4.19; P < 0.001) and HCC (OR =
2.45; 95%CI: 1.42-4.31; P = 0.001).

CONCLUSION

These findings suggest that the T allele of IFNL4 rs12979860 polymorphism is
associated with the development of cirrhosis and HCC in chronic HCV-infected
patients.

Key Words: Hepatitis C; Hepatitis C virus; Cirrhosis; Hepatocellular carcinoma; Genetic
polymorphism; Interferon-lambda

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis C virus (HCV) infection is a major public health problem
worldwide as the infection progresses to severe chronic liver diseases in many patients.
Interferon lambdas modulate the immune responses against infections, including the
antiviral activity by promoting the expression of several genes related to
immunological functions. The interferon lambda-4 rs12979860 (C/T) polymorphism,
which is associated with spontaneous and treatment-induced clearance of HCV, plays a
pivotal role in the host response to HCV-associated liver diseases. In this case-control
study, the rs12979860 T allele was found to be associated with the development of
cirrhosis and hepatocellular carcinoma in chronic HCV-infected patients.

Citation: de Bitencorte JT, Rech TF, Lunge VR, dos Santos DC, Alvares-da-Silva MR, Simon
D. Association of interferon lambda-4 rs12979860 polymorphism with hepatocellular
carcinoma in patients with chronic hepatitis C infection. World J Hepatol 2021; 13(1): 109-119

URL: https://www.wjgnet.com/1948-5182/full/v13/i1/109.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i1.109

INTRODUCTION

Hepatitis C virus (HCV) infection is a public health concern worldwide as it is
associated with increased morbidity and mortality-?. HCV, a hepatotrophic virus, is
the etiological factor for chronic hepatitis C. Patients with HCV infection can develop
cirrhosis and hepatocellular carcinoma (HCC) and may need liver transplantation!*..
According to the World Health Organization report on viral hepatitis, 71 million
people were infected with hepatitis C in 2015

Generally, acute HCV infections are clinically silent infections. Among the patients
with HCV infection, 15%-45% can eliminate the virus spontaneously, with the highest
recovery rates observed in children and young women®. However, a vast majority of
infected patients develop chronic hepatitis C, which is characterized by the persistence
of HCV in the serum for more than 6 mo. Chronic HCV infection is associated with

110 January 27,2021 | Volume13 | Issuel |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-5182/full/v13/i1/109.htm
https://dx.doi.org/10.4254/wjh.v13.i1.109

P-Reviewer: Feng B, Kishida Y,
Tanaka Y

S-Editor: Zhang L

L-Editor: Filipodia

P-Editor: Zhang YL

R ]

Jaishideng®

de Bitencorte JT et al. IFNL4 polymorphism in liver disease progression

slow progression, and the patients may remain asymptomatic for several decades.
Thus, the persistence of HCV in the organism can cause continuous damage to the
liver and can progress to fibrosis, cirrhosis, and HCCP*.

HCC, which accounts for 80% of all primary liver cancers, is associated with high
mortality rates. Globally, HCC is the third leading cause of cancer-related deaths. HCC
is a complex disease with a variety of etiologies and may be associated with different
risk factors, such as chronic hepatitis B virus (HBV) and HCV infections, alcoholic liver
disease, and nonalcoholic steatohepatitis”*l. HCV infection, which is the second most
common risk factor for HCC, accounts for 10%-25% of all HCC cases. Additionally,
80%-90% of HCC cases are reported in patients with cirrhosis!”*l.

The pathogenesis of HCV infection and its progression to chronic liver disease vary
among individuals. Several factors, including viral, environmental, and host
characteristics, such as age, sex, ethnicity, and genetic factors, contribute to the
pathogenesis of HCV!'". The immune system-related genes, such as interferon lambdas
(IFN-As), are directly related to modulate viral infections with the ability to induce
antiviral activity in target cells and interfere with HCV replication within the host
cells. The binding of IFN-A to its receptor activates the signal transducer and activator
of transcription phosphorylation-dependent signaling cascade, inducing hundreds of
IFN-stimulated genes and consequently regulating various immune functions!***l.

The interferon lambda-3 gene (IFNL3), which is located on chromosome 19q13.13,
encodes IFN-A3 protein, a cytokine with antiviral properties. Genome-wide association
studies have demonstrated the association of single nucleotide polymorphisms, such
as 1512979860 and rs8099917, near the IFNL3 gene (formerly known as interleukin-28B
gene; IL28B), both with spontaneous virus elimination after acute infection and with
sustained virological response in patients with chronic hepatitis C treated with
pegylated interferon plus ribavirin combination therapy!**l.

Prokunina-Olsson et all”! demonstrated that the rs12979860 polymorphism,
commonly referred as an IL28B or IFNL3 variant, is in an independent loci and should
be called an interferon lambda-4 (IFNL4) variant. The IFNL4 gene is controlled by
rs368234815 AG-TT polymorphism, in which the AG allele creates an open reading
frame for IFNL4, while the TT allele does not. Furthermore, the AG allele (rs368234815)
is reported to be in linkage disequilibrium with the T allele of rs12979860 poly-
morphism!"*1.

The 1512979860 polymorphism has a relevant and well-known role in the
spontaneous and treatment-induced clearance of HCV infection™). However, the
importance of this polymorphism in the progression of HCV-associated liver diseases
is still unclear. Therefore, the objective of our study was to investigate the potential
role of the variants from IFNL4 rs12979860 polymorphism in the progression to hepatic
fibrosis, cirrhosis, and HCC in chronic HCV-infected patients.

MATERIALS AND METHODS
Study population

This case-control study was conducted using a convenience sampling strategy. The
case group was comprised of 305 patients who visited the outpatient clinic of the
Gastroenterology-Hepatology Service of the Hospital de Clinicas de Porto Alegre in
Brazil. HCV-positive patients diagnosed with fibrosis, cirrhosis, or HCC were included
in the case group. Fibrosis (METAVIR F1-F3) was diagnosed based on liver biopsy
findings, while cirrhosis was diagnosed based on liver biopsy or clinical evidence,
such as liver imaging (abdominal ultrasonography, computed tomography, and
magnetic resonance) abnormalities or endoscopic findings as well as current or past
clinical evidence of decompensation, including Child-Pugh B or C classification (score
of > 6), ascites on physical examination, hepatic encephalopathy, or variceal bleeding.
HCC was diagnosed through liver biopsy (64/98; 65.3%) or in cirrhotic patients
through dynamic computed tomography or magnetic resonance by the presence of a
nodule of at least 1 cm featuring arterial phase enhancement with decreased
enhancement during the portal venous phase as recommended by international
guidelines. Patients with HCV/human immunodeficiency virus and/or HCV/HBV
coinfection were excluded as well as patients with other causes of liver diseases such
as HBV, metabolic associated fatty liver disease, alcohol abuse (more than 20 or 30 g
daily consumption of ethanol for females and males, respectively), and/or
hemochromatosis. The control group was comprised of 260 samples obtained from the
donors at the Hospital de Clinicas de Porto Alegre blood bank. As Brazilian laws for
blood donation requires, all have been tested negative for HBV, HCV, human
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immunodeficiency virus, syphilis, and Chagas disease. This study was approved by
the Research Ethics Committee of the Hospital de Clinicas de Porto Alegre (protocol
number: 15-0126). All participants provided their written informed consent to
participate in the study.

Molecular analysis

DNA was extracted from the blood samples using the salting-out method as described
previously™l. The polymorphism was genotyped using the validated pre-designed
real-time PCR TagMan® Assays (Applied Biosystems Inc., Foster City, CA, United
States; catalog 4351376, assay ID: C___7820464_10) in the StepOnePlusTM Real-Time
PCR Systems (Applied Biosystems Inc.). PCR was performed in an 18 pL reaction
volume containing 10 mmol/L Tris-HCI (pH 8.5), 50 mmol/L KCI, 1.5 mmol/L
MgCl,, 0.0625 mmol/L dNTPs, 0.25 pM of each primer, 0.045 pM of each probe, 1 U
Taq DNA polymerase (Cenbiot Enzimas, Porto Alegre, Brazil), and 1 pL extracted
DNA (10-200 ng). The PCR conditions were as follows: 95 °C for 10 min (initial DNA
denaturation), followed by 40 cycles of 95 °C for 15 s (denaturation) and 60 °C for 1
min (annealing and extension).

Statistical analyses

All statistical analyses were performed using SPSS® software (Statistical Package for
the Social Sciences 17.0 version, Chicago, IL, United States). The normal distribution of
the quantitative variables was examined using the Kolmogorov-Smirnov test with
Lilliefors correction. The quantitative variables, which were expressed as mean + SD,
were analyzed using analysis of variance, followed by Tukey post-hoc test. For the
categorical variables, the frequencies were calculated and expressed as percentages.
Gene frequencies were determined by direct allele counting. Hardy-Weinberg
equilibrium (HWE) deviation and the gene frequencies between groups were
compared using the Chi-square test. Yates’ correction for continuity was used to
analyze the 2 x 2 contingency tables. Odds ratio (OR) was estimated with 95%
confidence interval (CI). The differences were considered significant at P < 0.05 (two-
tailed). Potential confounding factors were entered in the logistic regression models
based on statistical criteria (only if the variable was associated with the study factor
and with the outcome at P < 0.20). The statistical methods used in this study were
reviewed by Dr. D. Simon from the Human Molecular Genetics Laboratory,
Universidade Luterana do Brasil (Canoas, Brazil).

RESULTS

The sociodemographic and clinical characteristics of patients are described in Table 1.
Patients were stratified into the following three groups: Fibrosis (n = 53), cirrhosis (n =
154), and HCC (n = 98). The mean age of the patients was 59.85 + 8.83 years, with a
statistically significant difference among the groups studied (P = 0.019). A significant
statistical difference (P = 0.024) was also observed in the frequency of males in the
HCC group (58.2%) when compared to the fibrosis (37.7%) and cirrhosis groups
(43.5%). The mean value of body mass index presented a statistically significant
difference between the groups with cirrhosis and HCC (27.80 + 5.39 and 26.34 + 4.15
kg/m? respectively; P = 0.038). Blood transfusion was the most frequent possible
infection source among patients (41.0%). The frequencies of HCV 1 and 3 genotypes,
which were the most common, were 40.7% and 36.7%, respectively.

Table 2 shows the allele and genotype frequencies of the IFNL4 rs12979680
polymorphism in the patient and control groups. The success rate for genotyping
IFNL4 rs12979680 polymorphism was 100% in all studied groups. Statistically
significant differences were observed regarding the allele frequencies, in which the
frequency of the T allele was significantly higher in the three groups of patients
analyzed when compared to the controls: [fibrosis group vs control group (OR = 1.57;
95%CI: 1.03-1.68; P = 0.047), cirrhosis group vs control group (OR = 1.75; 95%CI: 1.30-
2.36; P < 0.001), and HCC group vs control group (OR = 1.57, 95%CI: 1.11-2.23; P =
0.01)].

Compared with those in the control group, the IFNL4 genotype frequencies were
significantly higher in the cirrhotic and (P < 0.001) HCC groups (P = 0.002). The
genotype distribution in the control and fibrosis groups was in agreement with those
expected from HWE (P = 0.81 and P = 0.88, respectively). In contrast, the genotype
frequencies in the cirrhosis and HCC groups deviated from those expected from HWE
(P =10.02 and P = 0.01, respectively). When the genotype distribution was analyzed in
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Table 1 Sociodemographic and clinical features of chronic hepatitis C virus positive patients

Characteristics Total, n = 305 Fibrosis, n =53 Cirrhosis, n = 154 HCC, n=98 P value
Age in yr 59.85+8.83 57.89 £10.43 59.29 +£8.43 61.78 + 8.22 0.019
Male 144 (47.2) 20 (37.7) 67 (43.5) 57 (58.2) 0.024
Ethnicity, Caucasian 218 (71.5) 35 (66.1) 110 (71.4) 73 (74.5) 0.547
BMI in kg/m? 27.08 +4.85 26.39 +4.14 27.80 +5.39 26.34 +4.15 0.038
Level of education 0.366
Completed primary education or less 196 (62.0) 31 (56.6) 100 (62.3) 65 (64.3)

Secondary or higher education 102 (24.9) 20 (34.0) 51 (25.3) 31 (19.4)

Smoker 59 (19.3) 16 (30.2) 31(20.1) 12 (12.2) 0.001
Alcohol consumption 0.004
No 260 (85.2) 49 (92.5) 137 (89.0) 74 (75.5)

Former 45 (14.8) 4 (7.5) 17 (11.0) 24 (24.5)

Mlicit drug use 0.164
No 243 (79.7) 43 (81.1) 122 (79.2) 78 (79.6)

Yes 9(3.0) 4(7.5) 4(2.6) 1(1.0)

Former user 53 (17.4) 6(1.1) 28 (18.2) 19 (19.4)

Coffee drinker 213 (69.8) 39 (73.6) 112 (72.7) 62 (63.3) 0.226
Age at infection of HCV in yr 27.43+9.75 28.47 £9.12 27.48 £9.77 26.64 £10.26 0.735
Age at diagnosis of HCV in yr 49.11+11.11 46.88 +12.99 49.17 £10.97 50.24 £10.11 0.223
HCV infection via blood transfusion 125 (41.0) 24 (45.3) 64 (41.6) 37 (37.8) 0.706
HCV-RNA as log,,Ul/mL 6.05 + 0.86 - 6.11+0.87 5.86+0.78 0.141
HCV genotypes 0.060
1 124 (40.7) - 86 (55.8) 38 (38.8)

2 7 (2.3) - 4(2.6) 3(3.1)

3 112 (36.7) - 61 (39.6) 51 (52.0)

Antiviral treatment 178 (58.4) - 115 (74.7) 63 (64.3) 0.077
Diabetes 85 (27.9) - 50 (32.5) 35 (35.7) 0.595
Steatosis 24 (7.9) - 13 (8.4) 11 (11.2) 0.431
Ascites 66 (21.6) - 31 (20.1) 35 (35.7) 0.005
Portal hypertension 146 (47.9) - 72 (46.8) 74 (75.5) <0.001
Esophageal varices 156 (51.1) - 91 (59.0) 65 (66.3) 0.231
Upper gastrointestinal bleeding 49 (16.0) - 26 (16.9) 23 (23.5) 0.184
Spontaneous bacterial peritonitis 13 (4.3) - 7 (4.5) 6 (6.1) 0.568
Hepatic encephalopathy 24 (7.9) - 13 (8.4) 11 (11.2) 0.431
Child-Pugh 0.083
A 137 (44.9) - 95 (61.7) 42 (42.9)

B 43 (14.1) - 28 (18.2) 15 (15.3)

€ 9(3.0) - 3(1.9) 6(6.1)

Number of tumors

1 ; ; 62 (63.37)
) - - 17 (17.35)
>3 ; : 18 (18.37)
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Tumor size in cm - - 28+1.81

Portal vein thrombosis - - 10 (10.20)

Extrahepatic metastases - - 7(7.14)

Liver transplantation - - 47 (47.96)

Deaths 14 (4.59) - 8 (5.19) 6 (6.12) 0.754

Characteristics expressed as number and percentage or mean + SD. BMI: Body mass index; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

Table 2 Allele and genotype frequencies of interferon lambda-4 rs12979860 polymorphism in patients with hepatitis C virus-associated

liver diseases and healthy control subjects

Total
Control, n Fibrosis, Cirrhosis,n HCC
1297 ’ i ’ ’ ' Pval
rs12979860 - 260 patients, n n=53 =154 n=98 value
=305
Fibrosis Cirrhosis HCCvs Fibrosis vs Cirrhosis
vs Control vs Control Control  Cirrhosis vs HCC
Allele 0.047 <0.001 0.010 0.708 0.618
C 345 (66.3) 331 (54.3) 59 (55.7) 163 (52.9) 109
(55.6)
T 175 (33.7) 279 (45.7) 47 (44.3) 145 (47.1) 87
(44.4)
Genotype 0.113 <0.001 0.002 0.541 0.665
cC 115 (44.2) 76 (24.9) 16 (30.2) 36 (23.4) 24
(24.5)
CT 115 (44.2) 179 (58.7) 27 (50.9) 91 (59.1) 61
(62.2)
T 30 (11.6) 50 (16.4) 10 (18.9) 27 (17.5) 13
(13.3)

Variables expressed as number (percentage). HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

the total sample of patients (n = 305), deviations from HWE were maintained (P =
0.001).

The risk of developing fibrosis, cirrhosis, and HCC was calculated using the
following two genetic models: Codominant and dominant T allele models (Table 3). In
the codominant model, it was observed that the CT vs CC genotype conferred an
increased risk of developing cirrhosis in HCV patients when compared with the
control group (OR = 2.53; 95%CI: 1.55-4.15; P < 0.001). Additionally, the CT vs CC
genotype conferred an increased risk for HCC (OR = 2.54; 95%Cl: 1.44-4.56; P = 0.001).
A similar result was observed in the comparison of the TT vs CC genotype between
cirrhosis patients and controls (OR = 2.88; 95%ClI: 1.44-5.77; P = 0.001) but not for HCC.
In the dominant T allele model, the CT + TT genotypes conferred an increased risk of
developing cirrhosis (OR = 2.60; 95%CI: 1.63-4.19; P < 0.001) and HCC (OR = 2.45;
95%CI: 1.42-4.31; P = 0.001) when compared with the CC genotype. The observed
associations remained significant when logistic regression models were analyzed
controlling for potential confounding factors (data not shown).

Table 4 presents the distribution of the IFNL4 rs12979680 polymorphism genotypes
regarding clinical features of HCC patients. A significantly higher frequency of the T
allele in the dominant T allele model was observed among patients with HCV
genotypes 1 and 3 with a frequency of 92% and 67%, respectively (P = 0.017). In
addition, a higher frequency of the TT genotype was observed among patients with
hepatic encephalopathy (P = 0.03).
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Table 3 Genetic models of association between interferon lambda-4 rs12979860 polymorphism and hepatitis C virus-associated liver

diseases

rs12979860 Fibrosis vs Control  Cirrhosis vs Control HCC vs Control Fibrosis vs Cirrhosis Cirrhosis vs HCC
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
value value value value value

Codominant model

CcC 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) -

CT 1.69 (0.82- 0.126 2.53 (1.55- <0.001 254 (1.44- 0.001 1.50 (0.67- 0.277 1.01 (0.52- 0.986
3.54) 4.15) 4.56) 3.28) 1.95)

T 2.40 (0.87- 0.053 2.88 (1.44- 0.001 2.08 (0.86- 0.068 1.20 (0.43- 0.702 0.72 (0.28- 0.447
6.27) 5.77) 4.83) 3.45) 1.80)

T allele dominant

model

CcC 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) -

CT+TT 1.83 (0.94- 0.061 2.60 (1.63- <0.001 245 (1.42- 0.001 1.42 (0.66- 0.325 0.94 (0.50- 0.840

3.71) 419) 431) 2.97) 1.79)

CI: Confidence interval; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; OR: Odds ratio; Ref.: Reference.

DISCUSSION

This study investigated the association of the IFNL4 rs12979860 polymorphism with
the development of fibrosis, cirrhosis, and HCC among patients with chronic HCV
infection. The frequency of the T allele in the case group was higher than that in the
control group. Additionally, the risk analyses indicated that patients with HCV
infection harboring the T allele were more susceptible to develop cirrhosis and HCC.

The studies on the role of IFNL4 rs12979860 polymorphism in HCV-related liver
diseases have yielded controversial results. A recent meta-analysis of 18 studies
involving different ethnicities attempted to elucidate the global association of this
polymorphism with HCV and HBV™. The meta-analysis revealed that the IFNL4
1512979860 polymorphism is a risk factor for both HCV-and HBV-related HCC.
Although the meta-analysis enhanced our understanding of the role of IFNL4
1512979860 polymorphism in the outcomes of liver diseases with viral etiologies, the
results must be carefully analyzed. Some limiting factors, such as ethnic differences,
discrepancies in clinical characteristics among different studies, genotyping methods,
HCV genotypes, nonuniform controls in case-control studies, and the influence of
confounding factors should be considered.

Various studies have evaluated the role of IFNL4 rs12979860 polymorphism in the
development of HCC. De la Fuente et al examined the association of rs12979860
polymorphism with the development of HCC in both chronic HCV infection and
nonviral cirrhosis. The authors reported that the TT genotype is highly prevalent in
cirrhotic patients infected with HCV genotype 1 who were subjected to liver
transplantation. However, there was no significant association between polymorphism
variants and hepatocarcinogenesis.

The risk of developing HCC in patients responding to pegylated interferon plus
ribavirin treatment is lower than that in nonresponders. Chang et al*! evaluated 800
patients who received pegylated interferon plus ribavirin combination therapy but did
not respond to treatment to evaluate the risk factors for HCC. The CT + TT genotypes
of 1512979860 polymorphism were an independent risk factor for the development of
HCC in these patients, which further indicated the importance of this polymorphism
in the progression to HCC. Similarly, a study on 200 patients with advanced fibrosis
revealed that the IFNL4 rs12979860 TT genotype was significantly associated with
HCC development after direct-acting antiviral therapy for chronic hepatitis C&1.

A large international study involving 2916 patients, mostly the European Caucasian
population, revealed that the increased number of the T allele was significantly
associated with the prevalence of cirrhosis/transition to cirrhosis in patients infected
with HCV genotype 1. This association was evident in Caucasian European patients
but not in Asian, Latin American, or Middle Eastern patients infected with HCV
genotype 1.

The genetic background of populations can contribute to variable results among
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Table 4 Distribution of the interferon lambda-4 rs12979860 genotypes based on the clinical features of patients with hepatocellular

carcinoma, n = 98

Genotypes Codominant model T allele dominant model
Variable CC,n=24 CT,n=61 TT,n=13 P value P value
HCV genotypes 0.052 0.017
1 3(14.3) 27 (46.6) 8 (61.5) 0.004
2 1(4.8) 2(3.4) -
8 17 (81.0) 29 (50.0) 5(38.5) 0.007
Diabetes 10 (41.7) 19 (31.1) 6 (46.2) 0.463 0.484
Steatosis 1(4.2) 8 (13.3) 2 (16.7) 0.409 0.195
Ascites 10 (41.7) 20 (32.8) 5(41.7) 0.679 0.511
Portal hypertension 17 (70.8) 48 (78.7) 9 (75.0) 0.741 0.469
Esophageal varices 17 (70.8) 39 (63.9) 9 (75.0) 0.682 0.646
Upper gastrointestinal bleeding 8(33.3) 10 (16.4) 5(41.7) 0.075 0.201
Spontaneous bacterial peritonitis 14.2) 5(8.2) - 0.500 0.636
Hepatic encephalopathy 3 (12.5) 2(3.3) 3(25.0) 0.030 0.383
Child-Pugh 0.209 0.156
A 8 (61.5) 26 (63.4) 8 (88.9)
B 2 (15.4) 12 (29.3) 1(11.1)
C 3(23,1) 3(7.3) -
Number of tumors 0.325 0.684
1 17 (70.8) 39 (65.0) 6 (46.2)
2 3 (12.5) 12 (20.0) 2 (15.4)
>3 4 (16.7) 9 (15.0) 5(38.5)
Portal vein thrombosis 4(16.7) 4 (6.6) 2 (16.7) 0.286 0.238
Extrahepatic metastases 14.2) 5 (8.6) 1(7.7) 0.780 0.487

Variables expressed as number (percentage). HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

different studies as the allele frequencies of IFNL4 rs12979860 polymorphism vary
among populations. In this study, the minor allele frequencies of the IFNL4 rs12979860
polymorphism, represented by the T allele, in the case and control groups were 0.46
and 0.34, respectively. The minor allele frequencies reported for European, Japanese,
and Chinese populations in the 1000 Genomes database were 0.28, 0.10, and 0.06,
respectively.

The role of IFN-A\ in the pathophysiology of chronic HCV infection-mediated liver
diseases is still under investigation. IFN-A activates interferon-stimulated genes,
induces cell death, and inhibits cell proliferation”l. In the IFN-A-expressing cells,
enhanced cell death may cause tissue inflammation, while the antiproliferative effect
of IFN-M could decrease the capacity of tissue remodeling”*. In this sense, our study
may provide significant information about the association of the genetic variants of the
IFNL4 rs12979860 polymorphism with disease progression and clinical features of
hepatitis C, demonstrating that this polymorphism has relevance in the HCV
spontaneous and treatment-induced clearance of HCV infection. Also, the present
study can stimulate the clarification of this issue by the analyses of large samples as
well as the correlation of genetic variants with gene expression and protein
interactions.

This study has some limitations. The sample size of this study is relatively small. A
more representative sample could enhance the statistical power to detect genetic
differences. In this study, the fibrosis group, which had the lowest sample number,
exhibited a trend of association with the TT genotype and the T allele when compared
with the control group. A larger sample size could clarify the role of this
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polymorphism in the development of fibrosis. In addition, some data are missing in
the liver fibrosis group (such as HCV RNA, HCV genotype, number of patients on
antiviral treatment, diabetes, and steatosis), which precluded a more detailed
comparison with the other groups. Besides, the analysis of a nonfibrotic (FO) HCV-
infected group would be important because it makes the study more comprehensive.
The analysis of a single polymorphism is insufficient to fully explain the genetic basis
of HCC. In the cirrhosis and HCC groups, the genotype frequencies of the IFNL4
1512979860 polymorphism did not concur with those expected from HWE. The
deviations from HWE can be due to the population stratification and selection or may
indicate disease association””l. As population stratification may have caused
disequilibrium among the cirrhosis and HCC groups, HWE analysis was performed
on the case group. However, the genotype frequency in the case group deviated from
that expected from HWE. Thus, the observed imbalance could be explained by the
effective role of this polymorphism in the sample of patients with HCV-related liver
diseases.

CONCLUSION

The findings of this study suggest that the T allele of IFNL4 rs12979860 polymorphism
is a potential genetic factor that determines the susceptibility to cirrhosis and HCC
development among patients with chronic HCV.

ARTICLE HIGHLIGHTS

Research background

As a serious public health problem worldwide, hepatitis C virus (HCV) infection has
unfavorable trends in morbidity and mortality. Due to high hepatotrophic potential,
HCV may cause chronic complications, such as fibrosis, cirrhosis, and hepatocellular
carcinoma (HCC). Progression to chronic liver disease usually varies and is influenced
by different factors, including genetic factors. The interferon lambda-4 (IFNL4)
1512979860 polymorphism, characterized by a C to T transition in the intron 1, has
been associated with spontaneous and treatment-induced clearance of HCV infection
and may play a role in HCV-associated liver diseases, including HCC.

Research motivation

Although the rs12979860 polymorphism has a relevant and well-known role in the
spontaneous and treatment-induced clearance of HCV infection, the importance of
genetic variants of this polymorphism in the progression of HCV-associated liver
diseases is still unclear.

Research objectives

We aimed to investigate the potential role of the variants in the progression to hepatic
fibrosis, cirrhosis, and HCC in chronic HCV-infected patients. In addition, the
distribution of the rs12979860 IFNL4 genetic variants was analyzed in accordance with
clinical features of patients.

Research methods

This case-control study included 305 patients with chronic HCV infection patients (53
with fibrosis, 154 with cirrhosis, and 98 with HCC), and 260 HCV-negative healthy
individuals as controls. Diagnosis of fibrosis (METAVIR F1-F3) was performed by liver
biopsy findings, while the diagnosis of cirrhosis was performed through clinical,
laboratorial, anatomopathological, and/or imaging data. Lastly, diagnosis of HCC was
performed through dynamic imaging tests, and/or anatomopathological markers.
Patients with HCV/human immunodeficiency virus and/or HCV/ hepatitis B virus
coinfection were excluded. Molecular analysis was performed using validated pre-
designed real-time PCR TagMan® Assays.

Research results

A higher frequency of the T allele was observed among the groups of patients (fibrosis,
cirrhosis, and HCC) as compared to the controls: (P = 0.047; P < 0.001; and P = 0.01,
respectively). Also, significant differences were observed concerning genotype
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frequencies between HCC (P = 0.002) and cirrhosis patients (P < 0.001) in comparison
with controls. Two genetic models were tested in the risk analysis: Codominant model
and dominant T allele model. In the codominant model, it was observed that the CT
genotype was related to an increased risk of cirrhosis [odds ratio (OR) = 2.53; 95%
confidence interval (CI): 1.55-4.15; P < 0.001] and HCC (OR = 2.54; 95%CI: 1.44-4.56; P
= 0.001) as compared to CC genotype. In the comparison of the TT vs CC genotype, a
significant difference was observed between the control group and cirrhosis group
(OR = 2.88; 95%ClI: 1.44-5.77; P = 0.001) but not the HCC group. In the dominant T
allele model, the CT + TT genotypes confer an increased risk for the progression to
cirrhosis (OR = 2.60; 95%ClI: 1.63-4.19; P < 0.001) and HCC (OR = 2.45; 95%Cl: 1.42-
4.31; P = 0.001). Finally, a significant higher frequency of the T allele among patients
with HCV genotypes 1 and 3 (92% and 67%, respectively; P = 0.017) and a higher
frequency of TT genotype among patients with hepatic encephalopathy (P = 0.03) was
observed.

Research conclusions

This study suggests that the T allele from IFNL4 rs12979860 polymorphism is
associated with the development of cirrhosis and HCC in chronic HCV-infected
patients.

Research perspectives

As an important factor related to spontaneous and treatment-induced clearance of
HCYV infection, the analysis of IFNL4 rs12979860 polymorphism in the present study
may provide a better understanding of the genetic variants with disease progression
and clinical features. In order to clarify this issue, large samples are needed to verify
the association of genetic polymorphisms with hepatitis C as well as the correlation of
genetic variants with gene expression and protein interactions.
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