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Abstract

Background: Cytokines are proteins that mediate innate and adaptive immunity responses. It is hypothesized that interferon lambda
3 (IFNL3) levels can influence the outcome of chronic hepatitis B virus (HBV) infection. Polymorphisms in IFN genes have been associated
with response to infection.
Objectives: This study was carried-out to investigate the association of IFNL3 gene polymorphisms (rs12979860 and rs8099917) with
HBV susceptibility, in chronic HBV-infected patients.
Patients and Methods: In this case-control study, we determined IFNL3 single nucleotide polymorphisms (SNPs) (rs12979860 and
rs8099917) in 221 individuals, with chronic HBV infection, and 200 healthy individuals, who were voluntary blood donors, with neg-
ative test for HBV. Alleles and genotypes analyses were performed by amplification refractory mutation system-polymerase chain reac-
tion (ARMS-PCR) and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) methods.
Results: The frequencies of the rs12979860 and rs8099917 genotypes were not significantly different between the HBV-infected and the
control groups (CC:CT:TT of 30.3%:48.0%:21.7% vs. 33.0%:49.0%:18.0%, P > 0.05, and GG:GT:TT of 5.8%:39.4%:54.8% vs. 5.0%:41.0%:54.0%, P
> 0.05, respectively). Also, the frequencies of the alleles were not significantly different between both groups (C:T of 54.3%:45.7% vs.
57.5%:42.5%, P > 0.05, and G:T of 25.6%:74.4% vs. 25.5%:74.5%, P > 0.05, respectively) and the chronic HBV infection. There were no signifi-
cant differences between patients, with at least one rs12979860C and or rs8099917T alleles compared to the healthy controls (rs12979860:
CT + CC:TT, OR = 1.26, 95%CI = 0.78 - 2.04, P = 0.341 and rs8099917: GT + TT:GG, OR = 1.03, 95%CI = 0.70 - 1.51, P = 0.877, respectively).
Conclusions: Our study showed no correlation between rs12979860 and rs8099917 SNPs and chronic HBV infection. Further studies,
with larger sample sizes and different ethnicities, are necessary to validate our findings.
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1. Background

Chronic hepatitis B virus (HBV) infection has become a
major health issue. It is one of the most common liver dis-
eases. The HBV can cause both acute and chronic diseases
and is the main factor for HBV-related cirrhosis and HCC
(1, 2). The occurrence rates of HBV infection have a various
regional distribution and prevalence in developing Asian-
Pacific countries (3) and its prevalence is rising worldwide,
with the greatest expansion in the Asia-pacific region (4,
5). The prevalence of HBV in Iranian population has been
found to be of about 2% (6). The clinical outcomes of HBV
infection vary from spontaneous clearance to chronic car-
riers or death from HCC (7). There is evidence that host ge-
netic factors have a role in determining the progression
of HBV infection. Also, twin studies show that genetic is
the key point influencing the HBV infection (8, 9). Stud-

ies suggest that cytokines control the host response. These
compounds play an important role in determining HBV in-
fection outcome (10, 11). Cytokines are proteins that medi-
ate innate and adaptive immunity responses. Allelic vari-
ants in the genome can affect the disease progression and
therapeutic effect of treatment, after HBV infection. The
evidence demonstrated that genetic variants of cytokine
genes were associated with chronic HBV infection (11-15).

At the first step, an association between single nu-
cleotide polymorphism (SNP) near the interferon lambda
3 (IFNL3) gene and the sustained virological response rate
with pegylated IFN (PEG-IFN) plus ribavirin treatment was
discovered, for chronic hepatitis C (16). Further studies in-
dicated that there was an association between IFNL3 and
spontaneous HCV clearance (17). It is founded that IFN
exhibits antitumoral functions, in several animal models
and cell lines (18-21). Also, certain genotypes might lead to
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lower risk of HCC development in HCV patients (22).
Studies that have been conducted on murine and hu-

man hepatocyte cell lines show that IFNL3 inhibits HBV vi-
ral replication and plays a vital role in antiviral immunity
against hepatotropic viruses (HBV and HCV) (18, 23-27). The
results show that rs8099917 and rs12979860 have been as-
sociated with the response of individuals to viral infections
(28, 29). The results of racial and geographical studies on
the prevalence of polymorphisms of IFNL3 show that the
rs12979860 C allele frequency in patients with hepatitis C
is high in Asia (65% - 100 %), average in Europe (53% - 85%)
and low in Africa (23% - 54%) (29).

It has been shown that IFN-λ is active against HBV. On
the other hand, HBV is an IFN-λ-responsive chronic viral ill-
ness (30). Considering that HBV and HCV share a similar
natural history, modes of transmission and levels of patho-
genesis, and, moreover, IFN-λ has been reported to induce
antiviral activity against viruses, it is possible that genetic
variants of IFNL3 play a functional role in chronic HBV in-
fection.

2. Objectives

The objective of our research was to study the associa-
tion between the two upstream SNPs of IFNL3 (rs8099917
and rs12979860) and susceptibility to chronic HBV infec-
tion, in the Iranian population.

3. Patients andMethods

3.1. Patient Population

This work has been approved by the institutional ethics
committee of the Zahedan University of Medical Sciences,
Zahedan, Iran, and carried out in the infectious diseases
and tropical medicine research center, Zahedan, Iran. All
the patients agreed to participate in the study and pro-
vided written informed consent.

A total of 221 chronic active HBV infected patients were
enrolled. All subjects were inpatients in the blood trans-
fusion organization clinics in Zahedan, Iran, between July
and December 2014. The diagnosis of chronic hepatitis B
was based on persistent increase of serum alanine amino-
transferase (ALT) concentration, during a minimum of 6
months, in the presence of HBsAg, by enzyme-linked im-
munosorbent assay (ELISA) and HBV-DNA with real-time
polymerase chain reaction (RT-PCR).

Patients were excluded from the study if they were
known to be infected with HCV, hepatitis E virus, hepatitis
A virus and HIV. Also, patients who suffered from other sig-
nificant medical conditions (diabetes, pregnancy, immune
diseases) were excluded.

A group of 200 healthy individuals who were volun-
tary blood donors, with negative test for HBV, HCV and HIV
serology and with normal values for ALT, served as con-
trols. Subjects with active alcohol abuse over the last 3
months, presence of sepsis or hepatorenal syndrome, ALT
levels twice the upper limit of normal and individuals who
suffered from other significant concurrent medical condi-
tions or who were taking hepatotoxic drugs, were excluded
from the control group.

A sample of whole blood was obtained from each sub-
ject. These samples were stored at -80°C, until they were
used for the study.

3.2. Interferon Lambda 3 Genotyping

Whole-blood samples were tested for IFNL3 genotype.
Human DNA was extracted from 500µL of whole blood, us-
ing the salting-out method.

The rs12979860 polymorphisms of IFNL3 were
identified using specific primers, by PCR-RFLP as-
say. Primers for PCR amplification were as follows:
rs12979860: 5’-GCTTATCGCATACGGCTAGG-3’ (forward);
5’-AGGCTCAGGGTCAATCACAG-3’ (reverse). A 242 base pair
(bp) product was obtained. The PCR amplification was
carried out in a total volume of 20 µL containing 1 µL of
each primer, 100 ng of template DNA and 10µL of 2X prime
taq premix (Genet Bio, Daejeon, South Korea) and 7 µL
double-distilled water (ddH2O). Samples were subjected
to 35 cycles of initial denaturation, 5 minutes at 95°C
denaturation, 30 seconds at 95°C annealing, 30 seconds
at 60°C extension, 30 seconds at 72°C final extension, 5
minutes at 72°C. An amount of 10µL of the amplicons were
digested with one unit of the BstU-I restriction enzyme
(Fermentas, Vilnius, Lithuania), at 60°C, overnight. The
IFNL3-C allele gives three fragments of 135 + 82 + 25 bp,
and IFNL3-T allele, with two fragments of 160 + 82 bp. The
fragments were resolved by electrophoresis in 4% agarose
gel, after staining with ethidium bromide.

When genotyping the IFNL3, rs8099917 polymorphism
was determined by employing tetra-primer amplification
refractory mutation system-PCR (T-ARMS-PCR) method,
as described previously by specific primers (31). Primers
for PCR amplification were as follows: rs8099917 5’-
CATCACCTATAACTTCACCATCCTCCTC-3’ (forward outer);
5’-GGTATCAACCCCACCTCAAATTATCCTA-3’ (reverse outer);
5’-CTTTTGTTTTCCTTTCTGTGAGCAGTG-3’ (forward inner);
5’-TATACAGCATGGTTCCAATTTGGGTAAA-3’ (reverse inner).
Product sizes were 197 bp, for G allele and 295 bp, for
T allele, and 437 bp, for the two outer primers (control
band). Amplification was performed in a volume of 25 µL,
containing 1µL (10µM) of each primer, 100 ng of template
DNA and 10 µL of 2X prime taq premix and 10 µL ddH2O.
The PCR were run for 30 cycles: initial denaturation for
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5 minutes at 95°C, denaturation for 30 seconds at 95°C,
annealing for 30 seconds at 58°C, extension for 30 sec-
onds at 72°C and final extension for 10 minutes at 72°C.
Each reaction was verified on a 2% agarose gel containing
ethidium bromide.

3.3. Statistical Analysis

Statistical analyses were performed by SPSS 20.0 (SPSS
Inc., Chicago, IL, USA). Computing the odds ratio (OR) and
95% confidence intervals (95%CI) from logistic regression
analysis were employed to assess the relationship between
genotypes and HBV. The distributions of genotypes were
analyzed with the chi-square test. Data are expressed as
mean ± SD. A P < 0.05 indicated statistical significance.

4. Results

A total of 221 chronic HBV infected patients (122 male,
99 female, mean 29.81 ± 8.05 years) and 200 healthy indi-
viduals (109 male, 91 female, mean 31.11 ± 7.54 years) were
enrolled. Demographical characteristics of the study sub-
jects have been described in Table 1. There were no statisti-
cal differences in gender, age and ethnicity between these
two groups (P > 0.05).

Table 1. Demographic Parameters of Chronic Hepatitis B Virus Patients and Control
Groupa

Parameters HBV Control P Value

Age, y 29.81 (8.05) 31.11 (7.54) 0.091

Sex 0.885

Male 122 (55.2) 109 (54.5)

Female 99 (44.8) 91 (45.5)

Ethnicities 0.817

Sistani 92 (41.6) 86 (43.0)

Baluch 59 (26.7) 48(24.0)

Others 70 (31.7) 66 (33.0)

Abbreviations: HBV, hepatitis B virus; IFNL3, interferon lambda 3; OR, odds ra-
tio; 95%CI, 95% confidence interval.
aValues are exressed as No. (%) or mean (SD).

Genotype and allele frequencies of IFNL3 rs12979860
C/T and rs8099917 G/T polymorphism in HBV and healthy
subjects are shown in Table 2.

In analyzing the polymorphisms rs12979860 and
rs8099917, both groups were within the Hardy-Weinberg
equilibrium (P > 0.05).

The frequencies of the rs12979860 and rs8099917
genotypes were not significantly different between
the HBV infected and the control groups (CC:CT:TT,

30.3%:48.0%:21.7% vs. 33.0%:49.0%:18.0%, P > 0.05 and
GG:GT:TT, 5.8%:39.4%:54.8% vs. 5.0%:41.0%:54.0%, P > 0.05
respectively). Also, the frequencies of the alleles were
not significantly different between both groups (C:T,
54.3%:45.7% vs. 57.5%:42.5%, P > 0.05 and G:T, 25.6%:74.4%
vs. 25.5%:74.5%, P > 0.05, respectively, and the chronic HBV
infection. There were no significant differences between
patients with at least one rs12979860C and/or rs8099917T
alleles, compared to the healthy controls (rs12979860: CT +
CC:TT, OR = 1.26, 95%CI = 0.78 - 2.04, P = 0.341 and rs8099917:
GT + TT:GG, OR = 1.03, 95%CI = 0.70 - 1.51, P = 0.877). Analysis
of the genotype combination of the polymorphisms did
not show any significant differences between HBV infected
patients and the control group (P = 0.295) (Table 3).

5. Discussion

The present study showed that the rs12979860 and
rs8099917 SNPs were not associated with susceptibility to
HBV infection, in a sample of Iranian population. Stud-
ies have shown that IFNL inhibits HBV viral replication,
in human hepatocyte cell lines (18, 23, 29, 32). Certain
studies have revealed an association between the outcome
of treatment for HCV and genetic variation in IFNL3 lo-
cus and reported the precise OR for associations between
several IFNL3 polymorphisms and spontaneous HCV clear-
ance (16). In other words, IFNL3 variants have a vital role
in response to therapy in these patients. For the first time,
in 2010, several studies reported an association between
IFNL3 and HBV infection (33). In the studies conducted in
2011, an association between genotype, allele and haplo-
type frequencies of IFNL3 and ALT, AST and HBV DNA was
reported (28, 34). Data shows that the 12979860 C allele
and CC genotype occurred frequently in the viral clearance
group (29) and suggest that the C allele may be useful for
the inhibition of HCV replication. On the other hand, an
analysis in Han Chinese revealed that 12979860 T allele ap-
peared to be more prevalent in patients with HCC than in
those with liver cirrhosis (35). Lampertico et al. reported
a positive association between rs12979860 and HBV infec-
tion. The findings indicated that IFNL3 polymorphism is a
good predictor in HBeAg-negative patients, chronically in-
fected by genotype D HBV (36).

In several studies, the frequencies of the T and C alleles
and the genotypes of the rs12979860 SNP have been com-
pared between subjects who were chronically infected by
HBV and healthy controls. The allelic and genotypic fre-
quencies of the rs12979860 polymorphism were not sig-
nificantly different between HBV infected and healthy sub-
jects. In a number of previous studies, the predominant
genotype was CC (33, 37), whereas in our study, the CT geno-
type was predominant in HBV-infected group. Also, the
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Table 2. The Frequency of Genotypes and Alleles of Interferon Lambda 3 (rs12979860 and rs8099917) Polymorphisms Genea

IFNL3 Polymorphisms HBV Control OR (95%CI ) P Value

rs12979860C/T

CC 67 (30.3) 66 (33.0) 1.31 (0.76 - 2.27) 0.331

CT 106 (48.0) 98 (49.0) 1.23 (0.74 - 2.05) 0.432

TT 48 (21.7) 36 (18.0) 1 NA

CT + CC 173 (78.3) 164 (82.0) 1.26 (0.78 - 2.04) 0.341

Allele

C 240 (54.3) 230 (57.5) 0.88 (0.67 - 1.15) 0.350

T 202 (45.7) 170 (42.5) 1 NA

rs8099917G/T

GG 13 (5.8) 10 (5.0) 0.86 (0.36 - 2.04) 0.736

GT 87 (39.4) 82 (41.0) 1.05 (0.71 - 1.57) 0.788

TT 121 (54.8) 108 (54.0) 1 NA

GT + TT 100 (45.5) 92 (46.0) 1.03 (0.70 - 1.51) 0.877

Allele

G 113 (25.6) 102 (25.5) 1.00 (0.73 - 1.37) 0.983

T 329 (74.4) 298 (74.5) 1 NA

Abbreviations: HBV, hepatitis B virus; IFNL3, interferon lambda 3; NA, not available; OR, odds ratio; 95%CI, 95% confidence interval.
aValues are exressed as No. (%).

Table 3. Genotype Combination Frequencies in Chronic Hepatitis B (Case) and Nor-
mal Subjects (Control)a , b

Genotype Combination HBV Control

CC/GT 9 (4.1) 9 (4.5)

CC/TT 58 (26.2) 57 (28.5)

CT/GT 46 (20.8) 47 (23.5)

CT/TT 60 (27.1) 46 (23.0)

TT/GG 13 (5.9) 10 (5.0)

TT/GT 32 (14.5) 21 (10.5)

TT/TT 3 (1.4) 10 (5.0)

TOTAL 221 (100.0) 200 (100.0)

Abbreviation: HBV, hepatitis B virus.
aValues are expressed as No. (%).
bχ2 = 7.283, P = 0.295.

data reported by Martin-Carbonero et al. (38) and Martin
et al. (33) indicated no differences between the allelic and
genotypic frequencies of the rs12979860 polymorphism of
two groups. Consistent with our study, in the studies that
have been conducted in Brazil (39) and USA (33), a slight
predominance of the C allele was found. Also, no correla-
tion was found between CC genotype and clinical outcome
in Asian chronic hepatitis B patients, both HBeAg-positive

and negative (40). Sonneveld et al. (41) determined that
IFNL3 genotype was significantly associated with HBeAg se-
roconversion, in patients treated with PEG-IFN (P < 0.01).
The IFNL3 genotype was also associated with HBsAg clear-
ance. Therefore, it seems that polymorphisms near IFNL3
were associated with serologic response in patients with
chronic hepatitis B. In one study that was conducted in
a Chinese Han population (42), a possible association be-
tween IFNL3 and HBeAg-positive chronic hepatitis B was
demonstrated. In another research that was conducted
in Korea (43), three polymorphisms near the IFNL3 gene,
rs8099917T, rs12979860C and rs12980275, were identified.
No significant association was identified between these
polymorphisms and the natural courses of chronic HBV in-
fection, including the HBV clearance and HCC occurrence.
However, results derived from certain studies are conflict-
ing. In a study that was carried out by Peng et al. they
found that rs12979860 polymorphism has no association
with spontaneous HBV clearance (37). On the other hand,
the genotype and allele frequencies of the rs12979860 and
rs8099917 were reported to be associated with the HBV vi-
ral loads (28).

It seems that viral genotypes have different geograph-
ical distributions and susceptibilities to infection. In ad-
dition, differences among ethnic groups have suggested a
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genetic contribution in susceptibilities to HBV infection.
As mentioned above, there is still controversy regarding
the magnitude association between rs12979860 polymor-
phism and chronic HBV infection. Therefore, discrepancies
in these studies are reasonable.

In the field of rs8099917 polymorphism, there are sev-
eral studies that have shown no significant data for allelic
and genotypic frequencies, although they identified a pre-
dominance of the T allele between chronic HBV, HCC, self-
limiting infections and healthy control groups (28, 44).
We have not found significant differences in the rs8099917
TT genotype distribution between the two groups. In this
study, we showed that there were no significant differences
between rs8099917 genotype frequencies. The relation-
ship between HBV outcomes and these polymorphisms
have been analyzed in several studies, but they did not
identify any relationships (37). The effect of rs8099917 in
IFNL3 gene, on HBV recurrence, in liver transplant patients,
indicated that in HBV-related liver transplant recipients,
rs8099917 was associated with aminotransferase concen-
trations. The higher aminotransferase levels were associ-
ated with allele G in recipients. These subjects have higher
HBV related liver damage. No association was found be-
tween IFNL3 polymorphisms with HBV recurrence in the
liver transplant recipients. It seems that the allele G of
rs8099917 was associated with hepatocyte injury caused by
HBV. In addition, the frequency of the minor allele (G al-
lele) was not superior in HBV subjects compared to healthy
subjects and was not statistically significant (45). It seems
that IFNL is a cure for hepatitis, as the rs8099917 G allele has
been associated with lower expression levels of the IFNL3
gene (17, 46). The G allele increases the risk of chronic hep-
atitis in subjects. Presence of G allele causes little chance
of treatment in HCV patients (17). Also, Li et al. founded
that the G allele carrier HBV infected patients had higher
ALT level and HBV viral load. On the other hand, they found
that the genotype and allele frequencies of IFNL3 polymor-
phisms associate with HBV viral load and serum ALT level
(28).

In our study, rs12979860 and rs8099917 were not asso-
ciated with susceptibility to HBV infection and more evi-
dence is required to obtain a conclusion, so that other SNPs
should be included in the future studies. The strong point
of the current study was the large sample size of subjects.
Moreover, the study was conducted in south east of Iran,
where the prevalence of hepatitis B infection is higher than
in other parts of Iran. Therefore, our study population may
be a good representative of the whole population. The find-
ings of this study might be limited by a number of factors.
Inconsistent results may be due to the different inclusion
criteria, different sample sizes and genotyping methods,
in different studies. Because of these limitations, which

may affect the results, we recommend further studies in
HBV patients, with a larger sample size and different eth-
nicities, to validate our results. Also, due to interference of
other cytokines in HBV infection, the effect of other IFNs
should also be studied. There is a new IFN gene, IFNL4, that
has a special polymorphism (rs368234815). This polymor-
phism is associated with hepatitis clearance. It was in link-
age disequilibrium with IFNL3 (47). We recommend fur-
ther studies regarding IFNL4 polymorphism and its possi-
ble involvement in the HBV infection.

In summary, our study shows that IFNL3 gene polymor-
phisms do not have an influence on the natural history of
chronic hepatitis B virus infection, in a sample of Iranian
population.

In conclusion, our study showed no correlation be-
tween rs12979860 and rs8099917 SNPs and chronic hepati-
tis B virus infection. Our findings indicate that SNPs in the
IFNL3 gene have no role in the susceptibility to chronic hep-
atitis B infection. Further studies, with larger sample sizes
and different ethnicities, are needed to validate our find-
ings.
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