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A B S T R A C T

Objectives: The outcomes of hepatitis B virus (HBV) infection vary substantially among affected
individuals, providing evidence of the role of host genetic background in the susceptibility to HBV
persistence and the dynamics of liver injury progression to cirrhosis and hepatocellular carcinoma (HCC).
Methods: Six single-nucleotide polymorphisms within the interleukin 10 gene (IL10) were genotyped by
MALDI-TOF mass spectrometry in 857 patients with chronic HBV infection (CHB), 48 patients with
resolved HBV infection, and 100 healthy volunteers. Associations of the selected polymorphisms with
susceptibility to chronic HBV infection, liver injury progression, and outcomes were investigated.
Results: IL10 �819T (rs1800871), �592A (rs1800872), and +504T (rs3024490) alleles were associated
with treatment-induced hepatitis B surface antigen (HBsAg) seroclearance. Additionally, IL10 ATAC
haplotype increased the chance of HBsAg loss and was significantly more frequent in patients with less
liver injury. Moreover rs1800871TT, rs1518110TT, rs1800872AA, and rs3024490TT genotypes were
identified as predictors of a lower FIB-4 score (<0.5).
Conclusions: This study indicates that polymorphisms within the promoter region and intronic sequences
of IL10 are associated with chronicity of hepatitis B and with HBV-induced liver damage.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Introduction

Despite progress in implementing vaccination programmes and
in the development of new treatment perspectives, hepatitis B
virus (HBV) infections remain a major health problem worldwide,
contributing considerably to cirrhosis- and hepatocellular
carcinoma (HCC)-related mortality of 0.5–1 million per year. As
much as one-third of the general population carries serological
markers of HBV infection (Hu and Ren, 2017).

Outcomes of HBV infection vary substantially among affected
individuals, providing evidence of the role of host genetic
background in the susceptibility to HBV persistence and the
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dynamics of liver injury progression to cirrhosis and HCC. The
response of the immune system to HBV infection is complex, and a
broad range of cytokines such as interferon (IFN)-α/β, IFN-g, and
tumour necrosis factor (TNF)-α are involved in the early phase of
infection. An effective antiviral response, mainly mediated by CD4+
and CD8+ T-cells, natural killer cells, and monocytes, may result in
immune controlled HBV replication (functional cure). By contrast,
in children and adults with a compromised immune system, active
viral replication can become persistent. In chronic HBV infection,
both the number of regulatory T-cells and levels of inhibitory
interleukin 10 (IL-10) and transforming growth factor beta (TGF-β)
increase, leading to HBV-specific CD8+ T-cell exhaustion
and rendering viral eradication from the liver impossible
(Peeridogaheh et al., 2018).

IL-10 is recognized as a key cytokine regulating the immune
response to HBV infection. Recently, a subset of IL-10-producing
B-cells, known as regulatory B-cells (Bregs), have been shown to
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regulate HBV-specific CD8+ T-cell immunity (Das et al., 2012; Liu
et al., 2016). Moreover, down-regulation of IL-10 restores the
function of exhausted HBV-specific CD8+ T-cells (Das et al., 2012).
In patients with chronic hepatitis B (CHB), both the levels of IL-10
and number of regulatory B-cells increase (Das et al., 2012). Serum
IL-10 levels reflect the dynamics of viral load and liver inflamma-
tion, and are correlated with spontaneous flares of liver disease
(Das et al., 2012). Moreover, IL-10 might substantially affect the
antiviral immune response, as it inhibits the production of
proinflammatory cytokines such as IFN-g, TNF-α, IL-1β, and IL-6
(Walter, 2014).

The capacity for IL-10 production is regulated on the
transcriptional level and is affected by single-nucleotide polymor-
phisms (SNPs) located in the 50-flanking promoter region of the
IL10 gene: �1082A/G (rs1800896), �819C/T (rs1800871), and
�592C/A (rs1800872) (Edwards-Smith et al., 1999; Reuss et al.,
2002; Höhler et al., 2005). Numerous studies have aimed to
elucidate the role of these SNPs in the anti-HBV response, and a
recent meta-analysis conducted by Shu et al. confirmed their
clinical significance in the course of HBV infection (Shu et al.,
2015). Additionally, the �1353G/A (rs1800893) promoter and
+954G/T (rs1518110) intronic IL10 SNPs have been shown to
influence the outcome of HBV infection in African Americans
(Truelove et al., 2008). Another IL10 intronic variant +504G/T
(rs3024490) has been related to susceptibility to CHB in the
Chinese Han population (Zhang et al., 2014).

In CHB, activation of the immune response, required for virus
eradication from hepatocytes, is also associated with inflammation
that leads to liver damage. The host IL10 genetic background is a
risk factor for liver injury and the development of cirrhosis in CHB
(Ghaleh Baghi et al., 2015; Guo et al., 2015; Yao et al., 2015).
Interestingly, the role of IL-10 in liver disease is not limited to HBV-
infected patients, and the interactions of the IL10 promoter
genotype and liver outcome have also been observed in hepatitis C
virus (HCV) infection (Guo et al., 2015) and alcohol-related
cirrhosis (Yang et al., 2014). Indeed, there is evidence suggesting
that IL-10, apart from its well-documented role in regulating the
Figure 1. Diagram prese
immune response to HBV infection, also exerts a modulatory effect
in liver fibrogenesis (Louis et al., 1998; Thompson et al., 1998).

This study was performed to investigate the impact of four SNPs
located in the promotor region of IL10 (rs1800896, rs1800871,
rs1800872, rs1800893) and two IL10 intronic variants (rs1518110,
rs3024490) on the course of CHB in a European population.

Materials and methods

Patients

The study group consisted of 857 patients with CHB and 48
untreated patients in the hepatitis B surface antigen (HBsAg)-
negative phase of disease (HBsAg-negative, hepatitis B core
antibody (anti-HBc) reactive). The blood samples of 648 patients
were collected from the ANRS CO22 HEPATHER cohort (Clinical-
Trials.gov registry number NCT01953458). The remaining 257 CHB
patients were recruited from the Department of Infectious
Diseases, Medical University of Gdansk, and the Hepatology
Outpatients Clinic of the Pomeranian Centre for Infectious Diseases
and Tuberculosis in Gdansk in 2014–2016. The control group
comprised 100 blood donors with confirmed absence of HIV, HBV,
and HCV infections from the Gdansk Regional Centre of Blood
Donations and Haemotherapy (Figure 1). Patients with a history of
schistosomiasis infection, heavy alcohol abuse, non-alcoholic fatty
liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), or
inherited liver diseases were excluded to prevent interference with
the association with HBV infection.

Blood tests, including hepatitis B serology (HBsAg, hepatitis B e
antigen (HBeAg), hepatitis B e antibody (anti-HBe)) and the
quantification of HBV DNA, were performed on all recruited
patients. Liver biopsies were collected from 132 patients. The
specimens were assessed for inflammation activity and stage of
fibrosis according to Scheuer scores. For 725 patients, liver fibrosis
or cirrhosis was assessed according to the Metavir scoring system,
as described by Carrat et al. (2019). Significant fibrosis was defined
as F � 2 for the Metavir and Scheuer staging systems and cirrhosis
nting study group.



Table 1
Primers used for MALDI-TOF MassARRAY single-nucleotide polymorphism genotyping.

NCBI ID PCR forward primera PCR reverse primera Extension primer

rs1800871 ATGCTAGTCAGGTAGTGCTC GGTGTACCCTTGTACAGGTG CCCCCTTGTACAGGTGATGTAA
rs1800872 AAAGGAGCCTGGAACACATC TCCTCAAAGTTCCCAAGCAG CAAGAGACTGGCTTCCTACAG
rs1800893 CTGACTATAGAGTGGCAGG CCTGCCATTCCAGTTTAGAC TGTAACTGGGAGGAACA
rs1800896 GACAACACTACTAAGGCTTC ATTCCATGGAGGCTGGATAG TTACCTATCCCTACTTCCCC
rs1518110 ATGCGGTCTTTTTGATGCCC TGATTTTTTTGGGCCAGAGC GGGCCAGAGCCAATTT
rs3024490 GGGAGCATCTTCACCTCGAA CTTATAAGATCCTGCTGGCG GGCTAGGAGAAGTAAAGAAA

MALDI-TOF, matrix-assisted laser desorption/ionization time-of-flight.
a Each PCR primer also contained a 50-ACGTTGGATG tag. 50 tags on extension primers are marked in bold underline.
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was defined as F � 4. The Fibrosis-4 score (FIB-4) (Sterling et al.,
2006) and aspartate aminotransferase (AST)-to-platelet ratio index
(APRI) (Wai 2003) were also used to estimate the amount of
scarring in the liver.

Of the 675 patients who received treatment according to Polish
or French National Health Service recommendations, 99 (14.5%)
were treated with pegylated interferon alpha (PEG-IFN-α), 502
(74.5%) with nucleoside/nucleotide analogues (NAs), and 74 (11%)
with combination NA therapy. The treatment response was
monitored by the measurement of HBV DNA and HBsAg loss at
week 24 after treatment discontinuation for PEG-IFN-α-treated
individuals, and at week 72 of treatment for NA-treated patients. At
the 48-week follow-up, an analysis was conducted to further
monitor HBsAg loss. Sustained virological response (SVR) was
defined as an undetectable HBV DNA level at 24 weeks after
treatment discontinuation.

The study was performed with the approval of the local
independent bioethics committee at the Medical University of
Gdansk in compliance with the Declaration of Helsinki, and written
consent was obtained from each patient.

SNP genotyping

Genomic DNA was isolated from the whole blood samples using
the MagNA Pure Compact Nucleic Acid Isolation Kit I (Roche,
Germany) according to the manufacturer’s protocol. The polymor-
phisms of the IL10 gene (�592C/A, rs1800872; �819C/T,
rs1800871; �1082G/A, rs1800896; �1353C/T, rs1800893;
+504G/T, rs3024490; +954G/T, rs1518110) were analysed by
MassARRAY platform with iPLEX Pro chemistry (Agena Bioscience,
USA) according to the standard protocol. Amplification and
extension primers (Table 1) were designed with Agena Assay
Design Suite v2. During the initial amplification PCR, six different
products of �100 bp containing the SNPs of interest were
amplified. Next, unincorporated dNTPs were removed with shrimp
alkaline phosphatase. Finally, after single-nucleotide extension
reaction, allele-specific products of distinct masses were obtained.
The purified extension reaction products with an anion-exchange
resin, were spotted onto SpectroCHIP using a MassARRAY RS1000
Nanodispenser. Mass spectra were acquired with a MassARRAY
Analyzer 4 mass spectrometer and were analysed with MassARRAY
Typer 4.0 software.

Statistical analysis

The statistical analysis was conducted using Statistica 13.3
(StatSoft, USA). MIDAS software was used to assess the linkage
disequilibrium (LD) and deviations from Hardy–Weinberg
equilibrium (HWE) of the analysed SNPs. The Chi-square test
and Fisher’s exact test were applied to analyse the distribution of
nominal variables. Haplotype blocks were constructed using
HaploView 4.2 program. Quantitative variables were expressed
as the median values (unless stated otherwise) and compared
with the Mann–Whitney U-test or Kruskal–Wallis test. Logistic
regression was conducted to determine the associations between
analysed variables adjusted for possible confounders. All statistical
tests were two-tailed. p-Values of less than 0.008 were considered
significant after the Bonferroni correction was applied to account
for multiple testing.

Results

Study group characteristics

All enrolled individuals were unrelated Caucasian adults; 857
were patients with CHB, 48 were individuals who had recovered
spontaneously from HBV infection (HBsAg-negative phase),
constituting the functional cure control group, and 100 were
volunteers, constituting the healthy control group. Their mean age
was 52.0 years, 56.9 years, and 27.3 years, respectively. The
baseline characteristics of the study and control groups are shown
in Table 2.

The genotypes of six SNPs within IL10 were obtained for all 1005
subjects included in the study, with a success rate of 100%. All SNPs
were variable in the study group. Genotypic and allelic frequencies
of the analysed SNPs for the CHB and control groups are shown in
Supplementary Material Table S1 and Table S2. For the control
groups, the distribution of genotypes followed HWE (p > 0.05),
except for rs1800871, rs1800872, and rs1518110 in individuals with
functional cure. For CHB patients, the distributions were not
consistent with HWE (p < 0.05). Significant differences in
genotypic distribution of rs1800871, rs1800872, and rs151811
were found between healthy blood donors and individuals with
HBsAg loss. Moreover, the genotypic distribution of rs1800893
differed between the CHB patients and the healthy control group
(Supplementary MaterialTable S1). No statistically significant
differences in allelic distribution of IL10 polymorphisms
were observed between the CHB and the control groups
(Supplementary MaterialTable S2).

The haplotype analysis showed linkage disequilibrium between
rs1800871 and rs1800872 (r2 = 0.88), rs1518110 (r2 = 0.74), and
rs3024490 (r2 = 0.78); between rs1800893 and 1800896 (r2 = 0.89);
between rs1518110 and rs1800872 (r2 = 0.68); and between
rs1518110 and rs3024490 (r2 = 0.72). All remaining pairs of SNPs
were independent (r2 < 0.2).

In this study, rs1800896CC and rs1800893CC genotypes were
more common in patients with lower baseline HBV DNA levels
(<2000 IU/ml) (sex-adjusted GG, GA vs. AA: odds ratio (OR) 1.72,
95% confidence interval (CI) 1.16–2.57, p = 0.007; sex-adjusted TT,
CT vs. CC: OR 1.82, 95% CI 1.22–2.70, p = 0.003).

IL10 polymorphisms and treatment response

For the CHB patients who underwent antiviral treatment, an
analysis was performed to determine whether the IL10 polymor-
phisms affected the treatment response expressed as HBsAg
clearance. Three of the analysed polymorphisms within IL10 were
significantly associated with treatment-induced HBsAg loss at 24



Table 2
Baseline demographic and clinical characteristics of the study and control groups.

CHB patients
(n = 857)

Individuals with functional cure
(n = 48)

Healthy controls
(n = 100)

Age, years 51 � 1 55.7 � 1.4 27.3 � 0.9
Sex, % female 37% 30% 22%
Origin, % Caucasian 100% 100% 100%
ALT, IU/l 97 � 53 29.50 � 1.91 –

AST, IU/l 219 � 91 30.25 � 2.83 –

HBV DNA, kIU/ml 6957 � 1728 – –

HBsAg, % positive 100% 0% –

HBeAg, % positive 13% – –

Anti-HBsAg, % positive 0% 100% –

Anti-HBcAg, % positive 100% 100% –

Anti-HBe, % positive 82% – –

Liver inflammation gradea 1.5 (0–2) – –

Liver fibrosis stagea 1 (0–2) 0.62 (0–4) –

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B
virus. Data are reported as the mean � standard error of the mean.

a Median value (25th–75th percentile).
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weeks after discontinuation of PEG-IFN-α. Significantly higher
minor allele frequencies at �819T (rs1800871), �592A
(rs1800872), and +504T (rs3024490) were observed in patients
with HBsAg loss (Table 3). In the group of patients previously
treated with NAs, rs1800896 was associated with a higher
predisposition to treatment-induced loss of HBsAg (age and sex-
adjusted: OR 0.037, 95% CI 0.002–0.66, p = 0.01); however
significance was lost after Bonferroni correction. Additionally,
the IL10 ATAC haplotype (�1082A/�819T/�592A/�1353C)
increased the chance of achieving the HBsAg-negative phase in
the PEG-IFN-α-treated (sex and age-adjusted: OR 9.85, 95% CI 1.13–
85, p = 0.0034) and NA-treated (sex and age-adjusted: OR 20.33,
95% CI 3.25–127, p = 0.0012) groups.

The incidence of HBsAg loss was assessed in 344 patients from
the original cohort of 675 CHB patients who underwent antiviral
treatment, and the clearance rate was found to be 6.98%.
Comparison of the genotype and allele frequencies between
individuals with and without treatment-induced loss of HBsAg
revealed significant differences in all six polymorphisms within
IL10 (Table 4).
Table 3
IL10 polymorphisms and chance of PEG-IFN-α-induced HBsAg loss.a

IL10 genotype MAF Odds ratio 95% CI p-Value

rs1800896 [A/G]
AA vs. GA G = 0.27 0.43 0.15–1.27 0.12
AA vs. GG 0.19 0.02–1.61 0.10

rs1800871 [C/T]
CC vs. CT T = 0.43 4.43 1.33–14.76 0.016a

CC vs. TT 19.59 1.76–217 0.0068b *
rs1800872 [C/A]

CC vs. CA A = 0.39 3.60 1.31–9.89 0.013a

CC vs. AA 12.97 1.72–97 0.007b *
rs1800893 [G/A]

CC vs. CT T = 0.28 0.42 0.15–1.26 0.12
CC vs. TT 0.19 0.022–1.62 0.10

rs3024490 [G/T]
GG vs. GT T = 0.43 3.67 1.35–10 0.012a

GG vs. TT 13.46 1.81–100 0.009b *
rs1518110 [G/T]

GG vs. GT T = 0.42 1.54 0.66–3.63 0.31
GG vs. TT 2.39 0.43–13.18 0.31

CI, confidence interval; HBsAg, hepatitis B surface antigen; IL10, interleukin 10 gene;
PEG-IFN-α, pegylated interferon alpha; MAF, minor allele frequency.

a Multivariate logistic regression analysis adjusted for age; HBsAg loss defined as
HBsAg negativity at week 24 after treatment discontinuation.

b Significant p-values (p < 0.05); those marked with an asterisk (*) remained
significant after Bonferroni correction.
IL10 polymorphisms and liver injury

To examine possible risk factors for liver injury assessed by FIB-
4 in the study population, logistic regression analyses were
conducted on variables that were IL10 genotypes, sex, and age. In
the multivariate analysis rs1800871TT, rs1518110TT, rs1800872AA,
and rs3024490TT genotypes were identified as predictors of a
lower FIB-4 score (p < 0.5) (Table 5). Similar observations were
found for the APRI index results, which were significantly lower in
patients with a homozygosity of the minor allele within these four
SNPs in the IL10 gene (p = 0.003). Additionally, the IL10 gene ATAC
haplotype (�1082A/�819T/�592A/�1353C) was significantly
more frequent in patients with less liver injury (OR 8.94, 95%
CI 1.78–44, p = 0.007). Moreover, the IL10 GCCT haplotype
(�1082G/�819C/�592C/�1353T) increased the risk of developing
cirrhosis (OR 2.61, 95% CI 1.58–4.30, p = 0.0003).

Discussion

In its key role, IL-10 acts as an immunosuppressive cytokine by
suppressing T-cell proliferation and antigen-presenting cell (APC)
functions, and by modulating cytokine and chemokine synthesis
(Saraiva and O’Garra, 2010). IL10 expression is elevated during
several chronic viral infections, which serves as a viral strategy to
downregulate the host immune response and allow viral persis-
tence in the host (Hyodo et al., 2004; Ohga et al., 2004; Brooks
et al., 2006; Kaplan et al., 2008; Brockman et al., 2009). Over recent
years it has been established that polymorphism within the IL10
promoter region influences expression and serum levels of IL-10.
Three functional SNPs in the IL10 promoter have been investigated
intensively: 1082A/G, �819T/C, and �592A/C. These SNPs present
three major haplotypes: ATA, ACC, and GCC, which are associated
with low, medium, and high levels of IL10 expression, respectively
(Turner et al., 1997; Eskdale et al., 1998). These three polymor-
phisms have been demonstrated to be essential modulators of the
immune response against hepatitis viral antigens, suggesting their
role in the aetiology of HBV infection (Höhler et al., 2005).

In this study, six common polymorphisms in the IL10 gene (four
from the promoter region and two intronic variants) were
genotyped in a cohort of HBV chronically infected patients, a
group of individuals in the HBsAg-negative phase, and in healthy
blood donors. Differences in genotype distribution in one SNP
(rs1800893) between CHB patients and healthy blood donors, and
in three SNPs (rs1800871, rs1800872, rs1518110) between healthy
blood donors and individuals in the HBsAg-negative phase of HBV
infection, were observed. Strikingly, all of the analysed SNPs



Table 4
Genotypic and allelic distribution of analysed IL10 polymorphisms between CHB patients (HBsAg-positive) and individuals who achieved HBsAg loss induced by antiviral
treatment (HBsAg-negative).

SNP ID Genotypic distribution (%) Allelic distribution (%)

Genotype HBsAg (+) (n = 320) HBsAg (�) (n = 24) p-Value Allele HBsAg (+) (n = 640) HBsAg (�) (n = 48) p-Value

�592C/A (rs1800872) CC 185 (58) 6 (25) C 471 (74) 22 (46)
CA 101 (31) 10 (42) 0.0007a A 169 (26) 26 (54) 0.000039a

AA 34 (11) 8 (33)
�819C/T (rs1800871) CC 182 (57) 6 (25) C 470 (73.5) 22 (46)

CT 106 (33) 10 (42) 0.0005a T 170 (26.5) 26 (54) 0.000044a

TT 32 (10) 8 (33)
�1082G/A (rs1800896) GG 61 (19) 1 (4) G 263 (41) 10 (21)

GA 141 (44) 8 (33) 0.03a A 377 (59) 38 (79) 0.005653a

AA 118 (37) 15 (63)
�1353C/T (rs1800893) CC 122 (38) 14 (58) C 363 (57) 37 (77)

CT 119 (37) 9 (38) 0.041a T 277 (43) 11 (23) 0.005809a

TT 79 (25) 1 (4)
+504G/T (rs3024490) GG 173 (54) 7 (29) G 462 (72) 24 (50)

GT 116 (36.5) 10 (42) 0.005a T 178 (28) 24 (50) 0.001132a

TT 31 (9.5) 7 (29)
+954G/T (rs1518110) GG 188 (59) 12 (50) G 476 (74.5) 28 (58)

GT 100 (31) 4 (17) 0.0021a T 164 (25.5) 20 (42) 0.015446a

TT 32 (10) 8 (33)

CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen; HBsAg (+), HBsAg-positive patients; HBsAg (�), HBsAg-negative patients; IL10, interleukin 10 gene; SNP, single
nucleotide polymorphism.

a Significant p-values (p < 0.05).

Table 5
Relationship between IL10 polymorphisms and severity of liver disease in HBV-
infected patients.a

IL10 genotype MAF Odds ratio 95% CI p-Value

rs1800871 [C/T]
CC,CT vs. TT T = 0.43 8.94 1.78–44.80 0.007b *

rs1800872 [C/A]
CC,CA vs. AA A = 0.39 9.15 1.82–45.89 0.006b *

rs3024490 [G/T]
GG,GT vs. TT T = 0.43 9.02 1.79–45 0.007b *

rs1518110 [G/T]
GG,GT vs. TT T = 0.42 8.84 1.76–44.29 0.008b *

CI, confidence interval; HBV, hepatitis B virus; IL10, interleukin 10 gene; MAF, minor
allele frequency.

a Liver fibrosis was assessed by the FIB-4 index.
b Significant p-values (p < 0.05); those marked with an asterisk (*) remained

significant after Bonferroni correction.
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showed significantly different genotypic and allelic distributions
between chronically infected patients and the spontaneously
recovered group. Hyodo et al. (2004) showed that IL-10 production
is elevated in response to the HBV core antigen (HBcAg) in patients
with chronic infection, suggesting that its excessive production
may contribute to HBV persistency in these patients (Hyodo et al.,
2004). Knowing that all of the analysed SNPs are associated with
the IL10 expression level, it is justified to conclude that IL10
polymorphisms play an essential role in the immune response
against HBV infection.

As well as determining the possible association of IL10
polymorphisms with the chronicity of HBV infection, this study
also investigated whether these could have a predictive value in
assessing the response of CHB patients to antiviral therapy (IFN-α
and analogues) measured by serum HBsAg loss. In this study, three
of the IL10 treatment response to PEG-IFN-α, and it was
determined that the ATAC haplotype increased the chance of
treatment-induced HBsAg loss. The ATA haplotype has already
been correlated with a low level of IL10 expression. ATA individuals
secrete on average two or three times less IL-10 than GCC
individuals (Turner et al., 1997). Heterogeneity in the promoter
region of the IL10 gene affects the initial response to IFN-α therapy
in patients with hepatitis C. Patients who are genetically
predisposed to high IL-10 production have shown a poor response
to IFN-α. A better response to treatment has also been associated
with lower liver fibrosis. Similarly in the present study, alleles that
were related to treatment-induced HBV loss were associated with
a decreased liver fibrosis scored by FIB-4 and APRI indexes. This
indicates that IL10 polymorphisms might have a prognostic value
in assessing the liver condition in chronically infected patients.
Moreover, the ATAC haplotype, which was associated with a
decreased IL10 expression and an increased chance of eliminating
viral infection, was more often found in patients with less intense
liver injury. In contrast, the GCCT haplotype, associated with high
IL10 expression, has been shown to increase the risk of progression
to cirrhosis (Shin, 2003). This proves that IL10 polymorphisms may
not only impact the antiviral immune response, but also HBV
infection-induced liver fibrosis. In studies on alcohol-induced liver
cirrhosis, it was the low expression of the ATA haplotype that was
associated with increased fibrosis and a higher risk of alcoholic
cirrhosis in Taiwanese patients (Yang et al., 2014). IL-10 has been
shown to protect against inflammation-induced liver damage,
fibrosis, and cirrhosis due to its immunosuppressive action
(Thompson et al., 1998). Interestingly, in the present study the
ATAC haplotype was found to be associated with a better liver
condition and less fibrosis in chronically infected patients. This
leads to the conclusion that lower levels of IL-10 allow the virus to
be eradicated more quickly and more effectively, and in this way
protect the liver from the virus-induced fibrosis.

What emerges from this study is that polymorphisms within
the promoter region and intronic sequences of IL10 are strongly
associated with chronicity of hepatitis B and with the virus-
induced liver damage.

This study has some limitations. The influence of the particular
polymorphisms on IL10 expression was not analysed. However, in
terms of the SNPs localized in the promoter region, there are many
studies pointing to their impact on IL10 expression (through the
modulation of the transcription factor binding sites), although we
do not know how the intronic variants affect the IL-10 level and/or
activity. It can only be hypothesized that intronic SNPs affect
splicing and therefore modulate IL10 mRNA levels or stability, but
this hypothesis awaits verification.
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