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Relationship between IL-17, TNF-a, IL-10, IFN-y, and IL-18
polymorphisms with the outcome of hepatitis B virus infection
in the Turkish population
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SUMMARY

OBJECTIVE: Hepatitis B virus is a global threat that can lead to liver cirrhosis and hepatocellular carcinoma. For the treatment of chronic hepatitis
B virus, polymorphisms might be an option for gene treatments. This study aimed to investigate the effects of IL-17, TNF-a,, IL-10, IFN-y, and IL-18
gene polymorphisms on hepatitis B virus infection in the Turkish population.

METHODS: The genotypes and allele distribution of 75 patients exposed to hepatitis B virus and 50 healthy control individuals were analyzed. The
real-time polymerase chain reaction method was used for identification.

RESULTS: A correlation was observed between susceptibility to hepatitis B virus infection and [L-17 Exon 3/3'UTR (rs1974226) C, IL.-17 Exon 3
(rs763780) A, IL-18 (-607) (rs1946518) Aalleles, and IL-17 Exon 3 (rs763780) AA genotype (p=0.006, p=0.009, p=0.025, and p=0.008, respectively).
Furthermore, I1-18 (-137) (rs187238) TT genotype and TNF-a-308 (rs1800629) G and A alleles, were associated with protection against hepatitis
B virus infection (p=0.0351 and p=0.032, respectively).

CONCLUSION: This study demonstrated that TNF-o. (-308), IL-17 (Exon 3/3" UTR), IL-17 (Exon 3), and IL-18 (-607) polymorphisms are associated
with hepatitis B virus infection. Therefore, these may serve as potential therapeutic targets for chronic viral hepatitis in the Turkish population.
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INTRODUCTION

Hepatitis B virus (HBV) continues to be a global health burden
despite the availability of highly protective vaccines and effec-
tive antiviral drugs. The World Health Organization reported
that, in 2019, 820,000 people died of cirrhosis and liver cancer,
and 296 million were chronic hepatitis B patients'.

The dynamics between virological, environmental, and host
genetic factors determine the outcomes of HBV infection® In
some individuals, the host response is viral clearance against
HBYV infection, whereas the reason for developing chronic HBV
infection in other individuals is unknown. This difference has
been associated with single-nucleotide polymorphisms (SNPs)
in the regulatory region of cytokine genes. Genetic variations
such as SNPs, which cause cytokine structure and expression
changes, can increase the risk of infection and affect disease

outcomes and treatment responses’.

Among cytokines, IL-17 synthesized by the next-generation
T helper 17 (Th17) cells plays a critical role in the pathogen-
esis of chronic HBV“. In cases of chronic HBV, a significant
increase in the blood levels of Th17 cells and a rise in the num-
ber of Th17 cells in liver tissue in proportion to the hepatitis
activity index have been observed’. However, few studies have
investigated the relationship between HBV and IL-17 SNPs.
Unlike IL-17, polymorphisms in the TNF-a. are the best-char-
acterized genetic variations associated with HBV®. Park et al.
found that the antiviral effect of TNF-ot was associated with
the activity of p22-FLIP (cellular FLICE inhibitory protein),
which restricts the HBV life cycle by inhibiting HBV DNA
replication’. Furthermore, TNF-o0 SNPs could be important
genetic biomarkers for liver pathogenesis®.

In chronic HBV, a new subset of regulatory B (Breg) cells
that can regulate CD8+T cell immunity and produce IL-10
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was identified. Increased IL-10 levels with Breg cell number in
chronic HBV were associated with viral load and liver inflam-
mation dynamics’. In support of this information, IL10 SNPs
have been reported to be associated with the chronicity of hep-
atitis B and liver damage caused by HBV'". Like TNF-a1, IFN-y
suppresses HBV replication in infected cells and reduces viral
load by activating the antiviral effect of CD8+T lymphocytes'!.
The IFN-y +874T/A polymorphism has been associated with
HBYV risk, particularly in the East Asian population'?. IL-18,
known as a potent inducer of IFN-y, was found to be associated
with the Th1 polarization of HBV-specific T cells and promote
viral clearance. In many studies, IL-18 polymorphisms have
also been associated with susceptibility to HBV and reported
to have a therapeutic value®.

Viral hepatitis clinical outcomes vary in different popu-
lations, and genetic background is likely one of the reasons
behind the differences. Genetic variability could be utilized to
predict disease outcomes and treatment responses. Turkey is
in the middle endemic region of the world in terms of HBV
infection'’. However, just several studies on this subject have
been conducted in the region. Therefore, this study aimed to
evaluate the effect of SNPs in IL-17, TNF-q, I1L-10, IFN-y,
and IL-18 gene regions on the clinical course of HBV infec-
tion in the Turkish population.

METHODS

The study group included patients who were followed up for
HBYV infection for at least 18 months or longer in Suleyman
Demirel University Faculty of Medicine, Infectious Diseases
polyclinic. According to the criteria, 75 patients exposed to
HBV and 50 healthy individuals were included in the study®.
Patients group were classified into subgroups as “naturally
immune,” “inactive carriers,” and “chronic active hepatitis.”
Individuals co-infected with hepatitis C and D and human
immune deficiency virus and patients with different chronic
liver diseases were not included in the study. The study was car-
ried out with the approval of the Suleyman Demirel University
Faculty of Medicine Ethics Committee (2/14). Informed con-
sent was obtained from all participants, and the research pro-
tocol was performed in accordance with the ethical rules of the
Declaration of Helsinki.

DNA Isolation

Peripheral venous blood samples taken from the individu-
als in the study group were transferred to tubes containing

ethylene diamine tetra acetic acid (EDTA). Genomic DNA
was extracted from a 200 UL peripheral venous blood sample
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according to the manufacturer’s recommendations (High Pure
PCR Template Preparation Kit, Roche). Isolated DNA sam-
ples were stored at -20°C for use in real-time polymerase chain
reaction (RT-PCR) analysis.

Identifying polymorphisms

RT-PCR was used to identify SNPs in the IL-17, TNF-o,, IL-10,
IFN-v, and IL-18 gene regions. The Light Cycler 2.0 RT-PCR
system (Roche, Germany) was used for SNP analysis in accor-
dance with protocols specified by the manufacturer. For DNA
amplification, target site-specific primers and hybridization
probe sequences (TIB Molbiol, Berlin, Germany) were designed.

RESULTS

Allelic and genotypic distributions of SNPs in the HBV-infected
case group and the healthy control group included in the study
were analyzed. Allelic distributions of the patient and control
groups were determined by RT-PCR melting curve data accord-
ing to polymorphisms (Figure 1).

The frequency of the TNF-o (-308) G and A alleles was
higher in the control group than in other groups, especially
significantly considerably higher when compared with the
group that was naturally immune to HBV (p=0.032) (Table 1).

When the control group and all patients group were com-
pared, we found that IL-17 (Exon 3/3” UTR) C allele was
more common in the all-patients group infected with HBV
and the A allele in the control group, and the difference was
statistically significant (p=0.006) (Table 1). Also, in subgroup
analysis (according to their clinical status), a comparison of the
patient groups with control group showed that the C allele was
more common in natural immune and asymptomatic carriers,
while the A allele in control group had a statistically signifi-
cant difference (p=0.033 and p=0.018, respectively) (Table 1).

The IL-17 (Exon 3) A allele was found to be expressed at
higher levels in all patients infected with HBV group compared
to the control, and the G allele was found to be expressed at
a higher level in control group (p=0.0099) (Table 1). In gen-
otype association analysis between control and all-patient
groups infected with HBV, IL-17 (Exon 3) AA (homozygous
wild type) genotype was observed at a higher frequency and
statistically significant in the all-patient group (p=0.008). In
subgroup analysis, IL-17 (Exon 3) AA genotype was more
common in the naturally immune to HBV and asymptomatic
carriers’ groups compared to the control group (p=0.045 and
p=0.045, respectively). Conversely, IL-17 (Exon 3) AG (het-
erozygous) genotype was observed at a lower frequency in the
groups, naturally immune to HBV, asymptomatic carriers, and
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Figure 1. Allele distribution graph in the created groups.

all patients infected with HBV groups than the healthy control
group (p=0.045, p=0.045, and p=0.008, respectively) (Table 2).

We determined that IL-18 (-607) C allele significantly
increased in the group of patients infected with HBV, while
the A allele increased in the control group (p=0.025) (Table
2). Moreover, there was no noticeable difference in allele level
for IL-18 (-137), whereas, in the genotype association analysis,
the CC genotype was significantly higher in the control group
compared to the group with all HBV-infected patients (Table 2).

DISCUSSION

The development of molecular genetics has stimulated studies
evaluating the impact of human genome variability on immune

response and disease mechanisms. Numerous studies have
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shown that cytokine gene polymorphisms have an impact on
the prognosis of HBV infection in the general population®'¢.
Our study revealed that TNF-a (-308) G and A alleles, which
were found to be higher in the healthy control group than
in subjects exposed to HBV, were associated with protection
against HBV. However, no significant relationship was found
between the genotypic level of TNF-o (-308) G/A polymor-
phism and HBV infection. Unlike our results, the TNF-c (-308)
G allele was found to be higher in the chronic hepatitis group

1718 In a meta-analysis by

in two studies conducted in Turkey
Zhang et al. in which studies conducted on the Chinese pop-
ulation were compiled, the TNF-o. (-308) A allele was associ-
ated with a decrease in the chronicity of HBV, similar to our
study®. In addition to these results, in a Brazilian study, the

TNE-a. (-308) A allele and AA genotype were associated with
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Table 1. Allele distribution, frequencies, and statistical analysis between the control and patient groups.

Control Natural immunity Carrier Chronic hepatitis All patients
(2n=50) (F) (2n=50) (F) (2n=50) (F) (2n=150) (F)
Allele (2n=100) (F) B | | I
OR (95%Cl) p-value OR p-value OR p-value OR p-value OR
(95%Cl) (95%Cl) (95%Cl)e (95%Cl)¢
G 95 (0.95) 42 (0.84) 45(0.9) 45(0.9) Loz
TNF-0,(-308) A 5(0.5) 8(0.16) 5(0.1) 5(0.1) 18 (0.12)
rs1800629 NA 0 0 0 0 0
p=0.0323.61 p=0.3022.11 p=0.3022.11 p=0.074 2.59
(1.11-11.71) (0.58-7.66) (0.58-7.66) (0.92-7.22)
49 (0.49) 25 (0.5) 26(0.52) 26(0.52) 77(0.51)
T 51(0.51) 25 (0.5) 24(0.48) 24(0.48) 73(0.49)
IFN-y (+874)
rs2430561 NA 0 0 0 0 0
p=10.96 p=0.8620.88 p=0.8620.88 p=0.7960.91
(0.49-1.89) (0.45-1.75) (0.45-1.75) (0.55-1.51)
55 (0.56) 28(0.58) 32(0.64) 26(0.52) 86(0.58)
C 43 (0.44) 20(0.42) 18 (0.36) 24 (0.48) 62(0.42)
IL-10 (-592)
rs1800872 NA 2 2 0 0 0
p=0.8590.91 p=0.3820.72 p=0.727 1.18 p=0.7930.92
(0.45-1.84) (0.36-1.45) (0.60-2.34) (0.55-1.54)
A 38(0.39) 19 (0.38) 16 (0.32) 19 (0.38) 54(0.36)
€ 60(0.61) 31(0.62) 34(0.68) 31(0.62) 96 (0.64)
IL-10 (-1082)
rs1800896 NA 2 0 0 0 0
p=1103 p=0.472 1.35 p=1103 P=0.687 1.12
(0.51-2.08) (0.65-2.76) (0.51-2.08) (0.67-1.90)
C 66(0.67) 42 (0.84) 43(0.86) 39(0.78) 124(0.83)
IL-17 (Exon 32(0.33) 8(0.16) 7(0.14) 11(0.22) 26(0.17)
3/3UTR) NA 2 0 0 0 0
rs1974226
p=0.0330.39 p=0.018 0.34 p=0.1880.58 p=0.006 0.43
(0.16-0.93) (0.14-0.83) (0.26-1.28) (0.23-0.79)
A 90(0.92) 50(1) 50(1) 48(0.96) 148 (0.99)
© 8(0.8) 2(0.04) 2(0.01)
|L-17 (Exon 3)
rs763780 NA 2 0 0
~ _ p=0.4950.47 p=0.00990.15
OO P00l (0.10-2.29) (0.03-0.73)
69 (0.70) 41(0.82) 40(0.8) 38(0.76) 119 (0.79)
T 29 (0.30) 9(0.18) 10(0.2) 12 (0.24) 31(0.21)
IL-18 (-137)
rs187238 NA 2 0 0 0 0
p=0.1640.52 p=0.2410.59 p=0.5610.75 p=0.1290.62
(0.22-1.21) (0.26-1.35) (0.34-1.64) (0.34-1.11)
A 78(0.8) 45(0.9) 44(0.88) 46(0.92) 135(0.9)
C 20(0.2) 5(0.1) 6(0.12) 4(0.08) 15 (0.1)
IL-18 (-607)
rs1946518 NA 2 0 0 0 0
p=0.1630.43 p=0.257 0.53 p=0.0610.34 p=0.0250.43
(0.15-1.23) (0.20-1.42) (0.11-1.05) (0.21-0.89)

2Control vs. natural immunity. "Control vs. carrier. <Control vs. chronic hepatitis. arrier. ‘Control vs. all patients. NA: missing allele; F: frequency; OR: odds ratio;

Cl: confidence intervals.
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Table 2. Genotype distribution, frequencies, and statistical analysis in the control and patient groups.

Natural immunity . _ Chronic hepatitis All patients
Gene Genotype (n=25) (F) pf,::.m:z)(;_(gg/:g)b (n=25) (F) (n=75) (F)
p-value OR (95%Cl)? p-value OR (95%Cl)c p-value OR (95%Cl)¢
oG | 45090 | 18(072)p=0091 21(0.84) p=0.728 20 (0.8) p=0.286 59 (0.79) p=0.142
: 35(0.98-12.8) 1.71(0.41-7.04) 225 (0.58-8.65) 244 (0.83-7.16)
TNF-0(-308) A = 00) 6(0.24) p=0.164 3(0.12) p=1 5(0.2) p=0.286 14(0.19) p=0.213
rs1800629 ' 0.35 (0.10-1.29) 0.81(0.18-3.72) 0.44 (0.11-1.70) 0.48 (0.16-1.44)
AA 0 1(0.04) p=0.33 1(0.04) p=0.333 Op=1 2(0.02) p=0.516
NA 0 0 0 0 0
A o 5(0.2) p=1.00 6(0.24) p=0.768 7(0.28) p=0.559 18 (0.24) p=0.665
: 1(0.3-33) 0.79 (0.25-2.5) 0.64 (0.21-1.96) 0.79(0.33-1.89)
15(0.6) p=0.534 14(0.56) p=1 12(0.48) p=0.466 1.50 | 41 (0.55) p=0.854
'22’%8586714) A 2oiess] 0.9 (0.34-2.44) 1.08(0.41-2.86) (0.57-3.93) 1.14(0.56-2.36)
. 0 5(0.2) p=0.547 5(0.2) p=0.547 6(0.24) p=1 16 (0.21) p=1.00
: 1.13(0.34-0.84) 1.13(0.34-0.84) 0.89 (0.28-2.78) 1.04 (0.44-2.48)
NA 0 0 0 0 0
A 0] 4(0.17) p=4720 7(0.28) p=0.113 1(0.04) p=0.411 12(0.16) p=0.610
: 0.70(0.18-2.75) 0.36(0.11-1.217) 3.35 (0.38-29.48) 0.72 (0.25-2.07)
1110 (-592) AC | 43(08g) | 201083)p=0720143 [ 18(072)p=0113 | 24(096)p=04110.30 [ 62(0:84)p=0.610
rs1800872 : (0.36-5.65) 279 (0.82-9.45) (0.03-2.63) 1.38(0.48-3.98)
cC 0 0p=1.00 Op-1 Op=1 p=1
NA 1 1 0 0 1
A — 5(0.2) p=1 2(0.08) p=0.314 3(0.12) p=0.749 10(0.13) p=0.611
: 0.9 (0.25-3.04) 258(0.51-13.02) 1.35(0.33-5.46) 1.46 (0.54-3.91)
9(0.36) p=0.802 12(048)p=0.624 | 13(0.52) p=0.4600.64 | 34 (0.46)p=0.712
'L‘fgé(‘)é%? He 2000 1.23(0.45-3.32) 0.75 (0.28-1.97) (0.24-1.68) 0.83(0.40-1.72)
rs
GG | 20(041) | 11(044)p=0808088 |  11(0.44)p=0808 9(0.36) p=0.802 31(0.41) p=1
: (0.33-2.32) 0.88 (0.33-2.32) 1.23(0.45-3.32) 0.98 (0.47-2.03)
NA 1 0 0 0 0
e |asesy 18(0.72) p=0.14 19 (0.76) p=0.078 15(0.6) p=0.627 52 (0.69) p=0.087
: 0.44 (0.16-1.24) 0.36 (0.12-1.05) 0.75 (0.28-2.00) 0.50 (0.24-1.03)
IL-17 (Exon A 14(029) | 6(0:24)p=0.785127 5(0.2) p=0.576 9(0.36) p=0.598 20(0.27) p=0.839
3/3UTR) : (0.42-3.83) 1.6 (0.50-5.10) 0.71(0.25-1.98) 1.10 (0.49-2.46)
rs1974226 A I 1(0.04) p=0.149 1(0.04) p=0.149 1(0.04) p=0.149 3(0.04) p=0.031
: 5.4(0.64-453) 5.4(0.64-4523) 5.4(0.64-4523) 4.40(1.36-17.1)
NA 1 0 0 0
) ) 23(0.92) p=0.478045 | 73(0.97) p=0.008
AA | 41(084) 25 (1) p=0.045 25 (1) p=0.045 oy OB
IL-17 (Exon 3) _ _ 2(0.08) p=0.478 2(0.03) p=0.008
rs763780 as Sioe) Olle)p=0I0ss B 0.45 (0.09-2.28) 712 (1.44-35.13)
GG 0 Op=1 Op=1 Op=1 p=1
NA 1 0 0 0 0
oG | 25051 | 161064p=0330059 15(0.6) p=0.622 14(0.56) p=0.8070.82 | 45 (0.60) p=0.358
: (0.22-1.58) 0.69 (0.26-1.84) (0.31-2.15) 0.69 (0.34-1.43)
9(0.36) p=1 10 (0.4) p=1 10(0.4) p=1 29 (0.39) p=1.00
'rt‘fgg 7213387) GT 1190039 | 4 13(041-306) 0.95 (0.35-2.54) 0.95 (0.35-2.54) 100 (0.48-2.10)
- B 1(0.04) p=0.428 1(0.01) p=0.0351
U Slieue] DDy =010 DGy =0.160 2.73(0.30-24.7) 8.40 (0.95-74.3)
NA 1 0 0 0
A | 38078 | 22(088)p=0357047 | 22(088)p=0357 | 22(0.88)p=0357047 | 66(088)p=0.139
: (0.12-1.87) 047 (0.12-1.87) (0.12-1.87) 0.47 (0.18-1.24)
2(0.08) p=0.560
1(0.04) P=1 B - 3(0.04) p=1.00
|r|;11§L(‘655017§ AC 2(0.4) 102 (0.09-11.84) 0(0) p=0.546 0.48 (0.06-3.70) 102 (0.16-6.34)
cc —— 2(0.08) p=0.314 3(0.12) p=0.532 1(0.04) p=0.149 6(0.08) p=0.097
: 258(0.51-13.02) 1.65(0.40-6.73) 5.4 (0.644-45.3) 2.58(0.86-7.80)
NA 1 0 0 0 0

2Control vs. natural immunity. ®Control vs. carrier. “Control vs. chronic hepatitis. “Control vs. all patients. NA:
missing allele; F: frequency; OR: odds ratio; Cl: confidence intervals.
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chronic HBV infection as well as susceptibility to severe fibro-
sis and increased necro-inflammartory activity®. It is thought
that gene variants affecting TNF-o. expression may play a role
in different clinical outcomes, such as elimination, resolution,
or fibrosis in HBV infection.

In chronic hepatitis B patients, despite the increase in
serum IL-17 levels, lower IL-17R expression levels and a weaker
response to IL-17 were detected in vitro compared to the healthy
control group®’. This phenomenon may be due to the reduc-
tion in IL-17R expression depending on the negative effect of
high levels of IL-17 on cells expressing IL-17R. In light of this
information, we argue that IL-17 level and genetic polymor-
phisms affecting this level may be associated with the clinical
consequences of HBV infection. In our research, a correlation
was observed between susceptibility to HBV and IL-17 (Exon
3) AA genotype, IL-17 (Exon 3/3’'UTR) C, and IL-17 (Exon
3) A alleles. Additionally, a correlation was observed between
protection against HBV and IL-17 (Exon 3/3’ UTR) A and
IL-17 (Exon 3) G alleles. However, in our literature review to
compare our results, we determined that minimal studies eval-
uate the relationship between IL-17 genetic polymorphisms
and HBV. In contrast to our results, in two studies conducted
in Iran and China, the IL-17 (Exon 3) SNP was found not to
affect the clinical course of HBV?""22, Our results will form the
basis for studies evaluating the effect of IL-17 polymorphisms
on the clinical course of HBV.

IL-18 directly activates CD8+ T cells, which are central
to viral clearance, and genetic variations can affect pro-IL-18
production, conferring susceptibility to viral hepatitis®. In our
study, a correlation was observed between susceptibility to HBV
with IL-18 (-607) A allele, while the IL-18 (-607) C allele and
IL-18 (-137) CC genotype were associated with protection
against HBV infection. There is only one study conducted
in the Turkish population, and unlike our study, no associa-
tion was found between HBV with 607/-137 genotypes and
alleles?®. In studies on IL-18, the roles of polymorphisms in
the -607 and -137 regions are controversial. Some studies have

associated genetic variations with lower transcriptional activity,
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