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Abstract
Background & Aims: The toll-like receptor-interferon (TLR–IFN) signalling
pathway plays a crucial role in HBV infection. Human leucocyte antigen
(HLA) polymorphisms are associated with chronic HBV infection by genome
wide association study (GWAS). We aimed to explore interaction between
TLR–IFN and HLA gene polymorphisms in susceptibility of chronic HBV
infection. Methods: In the Chinese Southwest Han population, 1191 chronic
HBV infection patients and 273 HBV clearance were selected. A total of 39
single nucleotide polymorphism loci in 23 genes of the TLR–IFN pathway
and four HLA polymorphism loci associated with chronic HBV infection
identified by GWAS were selected for genotyping. SNPStats, QVALUE, and
multifactor dimensionality reduction were used for statistical analy-
sis. Results: A significant association was seen in several of the TLR–IFN
pathway genes, TLR9 rs352140 (OR = 0.70, P = 0.0088), IL1B rs16944
(OR = 0.67, P = 0.016), IL12B rs3212227 (OR = 1.38, P = 0.021), IFNGR1
rs3799488 (OR = 1.48, P = 0.0048), IFNGR2 rs1059293 (OR = 0.27,
P = 0.011), MX1 rs467960 (OR = 0.68, P = 0.022), as well as four loci in
HLA, rs3077 (OR = 0.55, P < 0.0001), rs2856718 (OR = 0.60, P = 4e-04),
rs9277535 (OR = 0.54, P < 0.0001) and rs7453920 (OR = 0.43, P < 0.0001).
A synergistic relationship was seen between rs9277535 and rs16944 (0.13%),
rs1143623 and rs6613 (0.10%). The combination of rs9277535 in HLA and
rs16944 in IL1B was the best model to predict chronic HBV infection (testing
accuracy = 0.6040, P = 0.0010, cross-validation consistency = 10/10).
Conclusions: TLR–IFN pathway gene polymorphisms are associated with
chronic HBV infection. Interactions with polymorphisms in these genes may
be one mechanism by which HLA polymorphisms influence susceptibility to
chronic HBV infection, as specific single nucleotide polymorphism combina-
tions are highly predictive of chronic HBV infection.
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More than 350 million people are chronic hepatitis B
virus (HBV) infection (1). HBV-related end stage liver
disease or hepatocellular carcinoma (HCC) are respon-
sible for over 0.5–1 million deaths per year (2). HBV is
transmitted from person to person through percutane-
ous/mucous membrane exposure to blood or other
body fluids of an infected person. The mechanism of
chronic HBV infection is an important research topic
that has attracted extensive attention.

Genetic background is an important factor in suscepti-
bility to disease. Genome wide association studies
(GWAS) in the Asian population identified a strong asso-
ciation between chronic HBV infection and variants in
the human leucocyte antigen (HLA)-DP and HLA-DQ
genes (3, 4). Some studies have confirmed the association
between chronic HBV infection and gene single nucleo-
tide polymorphisms (SNPs), such as HLA, toll-like recep-
tor (TLR), interleukin (IL) 10, chemokine motif (C-X-C)
ligand (CXCL) 10, interferon (IFN) and IL28B (5–10).
However, the mechanism by which such SNPs influence
disease susceptibility remains incompletely understood.

The immune system within the liver is characterized
mainly by the innate immunity (11). Innate immune
response plays an important role in HBV control and
expression of immune response genes might occur below
the level of detection of the microarray analysis that has
been carried out (12). Important in the innate immune
response to HBV infection is the TLR–IFN pathway,
including TLRs themselves, adaptins and effector mole-
cules for TLRs, IFNs and their cognate receptors, and
proteins induced downstream by IFN signalling (12–15).

Since the identification of SNPs by GWAS, the mech-
anisms of significant SNP have been attracting the con-
cern of researchers. However, these SNPs appeared to be
only genetic markers associated with disease rather than
involved in the disease mechanism per se. An example
of this type of association is characterized by the associ-
ation between IL28B and hepatitis C virus (HCV) clear-
ance. Although IL28B rs12979860 is a good predictor
for HCV clearance (16), the level of IFN lambda 3,
coded for by the IL28B gene, does not crucially influ-
ence the outcome in HCV infection (16, 17). However,

abnormal innate immune responses such as high levels
of IL-10 and low IL-12p40 were found in patients with
the poor-response genotype (18–21).

After considering the published work regarding
gene–gene interaction and the role of innate immunity
in the control of HBV, we hypothesized that there may
be some interaction between polymorphisms in the
HLA and TLR–IFN pathway genes. Therefore, we
designed this case–control study to identify any SNPs
associated with the risk of chronic HBV infection and
also to investigate the interaction between HLA and
innate immunity gene variations. This study contributes
to the broader understanding of the mechanisms behind
chronic HBV infection.

Patients and methods

Patients

This study was designed as an analytical observational
case–control study, which included 1464 Han people
from Chongqing, China. Patients with chronic HBV
infection were enrolled in this study (n = 1191, female,
424; male, 767; median age, 36; range, 26–42), and the
control population demonstrated previous HBV clear-
ance (n = 273; female, 111; male, 162; median age, 42;
range, 33–49). A significant difference was found
between HBV clearance and chronic HBV infection for
age (P < 0.0001). This was taken into account in the
multivariate analysis. No difference was seen between
males and females (P = 0.177).

The inclusion criteria for the patient cohort were
chronic HBV infection as evidenced by a history of HBV
surface antigen (HBsAg) positive for over 6 months,
regardless of alanine aminotransferase (ALT) levels, HBV
DNA levels or hepatitis B e antigen (HBeAg) status. The
inclusion criteria for the control, cleared-virus groupwere
the following: (a) HBsAg negative; (b) hepatitis B surface
antibody (HBsAb), hepatitis B e antibody (HBeAb), and
hepatitis B core antibody (HBcAb) positive; (c) undetect-
ableHBVDNA levels; (d) normal serumALT levels.

Exclusion criteria consisted of the following: (a)
co-infectionwith HCV, hepatitis D virus or human immu-
nodeficiency virus (HIV); (b) coexisting serious medical
or psychiatric illness; (c) organ or bone marrow transplan-
tation; (d) recent treatment with systemic corticosteroids,
immunosuppressants or chemotherapeutic agents.

Written informed consent was obtained from each
patient included in this study. This study protocol con-
forms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by Ethic
Committee of Southwest Hospital, Third Military Medi-
cal University.

Serological assays

Routine biochemical tests were performed using auto-
mated techniques. Serum HBV DNA was quantified
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using the TaqMan polymerase chain reaction (PCR)
assay on a LightCycler 480 Real-Time PCR System
(Roche, Basel, Switzerland). HBsAg, HBeAg, HBeAb
and HBcAb were detected by the Architect i2000SR
System (Abbott Laboratories, Abbott Park, IL, USA).

Target genes and SNP selection

A total of 23 genes belonging to the TLR–IFN pathway
were selected as target genes. These genes included TLRs
(TLR3, TLR4, TLR5 and TLR9), the TLR adaptin
MYD88, the TLR effector molecule IRAK1, receptors for
IFNs (IFNGR1, IFNGR2, IL27B and IL12B), ligands for
IFN receptors (IFNG and IL15), other genes related to
IFNs (IL28A, IL29 and IL6), proteins induced by IFN
(MX1, CXCL10), and genes of the NFjB pathway
(NFKB1, NFKB2, IL1B, IL2, IL10 and IL12A).

A total of 39 SNPs located in the 23 genes were iden-
tified from the SNP database in NCBI (http://www.ncbi.
nlm.nih.gov/SNP) or selected according to the litera-
ture. These were: TLR3 rs3775296, TLR4 rs11536889
and rs1927907, TLR5 rs5744174, TLR9 rs352140,
MYD88 rs7744, IRAK1 rs1059702 and rs1059703, IFNG
rs2069705, IFNGR1 rs3799488 and rs10457655, IFNGR2
rs1059293 and rs2834211, IL15 rs10519613 and rs10833,
IL28B rs12979860 and rs8099917, IL29 rs30461, IL6
rs1800796, IL27B rs4905 and rs6613, IL12B rs3212227,
NFKB1 rs4648068, NFKB2 rs7897947, IL1B rs1143623,
rs1143627, and rs16944, IL2 rs2069772, IL10 rs1800872
and rs1800896, IL12A rs2243115 and rs568408, CXCL10
rs4256246, rs4508917, and rs8878, MX1 rs1557370,
rs2070229, rs467960, and rs469390. Moreover, HLA-
DPA1 rs3077, HLA-DQA2 rs2856718, HLA-DPB1
rs9277535 and HLA-DQB2 rs7453920 were selected to
investigate gene–gene interactions according to GWAS
on susceptibility to chronic HBV infection. Basic infor-
mation regarding the SNPs is demonstrated in Table S1.

SNP genotyping

Genomic DNA was isolated from 200 lL of EDTA non-
coagulated blood samples using QuickGene DNA whole
blood kit S (QuickGene, FujiFilm, Japan). The SNP
genotyping was performed using an improved multiplex
ligation detection reaction (iMLDR) technique (Gene-
sky Biotechnologies Inc., Shanghai, China). The basic
principle for this technique is illustrated in Figure S1.

We genotyped the selected SNP loci in one ligation
reaction. Two multiplex PCR reactions were designed to
amplify fragments covering all SNP loci. The primer
information of the two reaction mixtures is described in
Tables S2 and S3. The PCR programme for both reac-
tions was 95°C, 2 min; 11 cycles 9 (94°C, 20 s; 65°C–
0.5°C/cycle, 40 s; 72°C, 1 min 30 s); 24 cycles 9 (94°C,
20 s; 59°C, 30 s; 72°C, 1 min 30 s); 72°C, 2 min; hold
at 4°C. The ligation cycling programme was 95°C,
2 min; 38 cycles 9 (94°C, 1 min; 56°C, 4 min); hold at
4°C. Half a microlitre of ligation product was loaded

into the ABI 3730XL and the raw data were analysed by
GeneMapper 4.1. All primers, probes and labelling
oligos were designed by and ordered from Genesky
Biotechnologies Inc.

Analysis of gene–gene interaction

In this study, there are four steps to analyse gene–gene
interaction by multifactor dimensionality reduction
(MDR; v 3.0.2) (22) and generalized multifactor dimen-
sionality reduction (GMDR; v 0.7) (23). The first step is
to select SNPs that are most likely to interact by GMDR.
The second step is to analyse information gain – that is,
how much information is gained about case–control
status from knowledge about genotypes at one or more
SNPs – gene–gene interaction dendrogram and entropy
algorithms were carried out by MDR. The third step is
to analyse the best predictive model by GMDR, which
includes multiple processor threading by the permuta-
tion testing software compared with the MDR method.
The fourth step is to construct a new attribute including
all SNPs selected in the best model using MDR attribute
construction. The fifth and final step is to evaluate a
classification model using the newly constructed attri-
bute(s) by MDR.

Statistical analysis

SNPStats (http://bioinfo.iconcologia.net/snpstats/start.
htm) and SPSS 18.0 (SPSS Inc., Chicago, IL, USA) were
used to obtain odds ratios (ORs), 95% confidence intervals
(CIs), and P-values. The Hardy–Weinberg equilibrium of
each SNP was tested using SNPStats. Multiple logistic
regression models were applied in the analysis of geno-
types. Each component of the model was: co-dominant
model (major allele homozygotes vs. heterozygotes vs.
minor allele homozygotes), dominant model (major allele
homozygotes vs. heterozygotes + minor allele homozyg-
otes), recessive model (major allele homozygotes vs. minor
allele homozygotes), overdominant model (major allele
homozygotes + heterozygotes vs. minor allele homozyg-
otes) and log-additive model. Akaike information (AIC)
was used to choose the inheritance model that best fits the
data. Age and gender were included as covariates and
adjusted to obtain statistical significance. A multiple com-
parison was carried out by QVALUE with a false discovery
rate level of 0.05. The missing genotypes were addressed by
MDR Data Tool (v 0.4.3). In the statistical analysis,
P < 0.05 was considered significant.

Results

Association between SNP and susceptibility to chronic
HBV infection

Analysis of allele, genotype frequencies, and Hardy–
Weinberg equilibrium of the selected SNPs is demon-
strated in Tables S4–S6 respectively. Notably,
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rs1059702 and rs1059703 are located on the X chro-
mosome and therefore the Hardy–Weinberg equilib-
rium cannot be accurately calculated. As a result,
rs1059702 and rs1059703 were not included in the
response analysis.

After adjustment by age, a significant association
between SNP and susceptibility to chronic HBV infec-
tion was seen in 10 SNPs. For the four control SNPs in
the HLA gene, the results were consistent with previous
GWAS, rs3077 (OR = 0.55; 95% CI, 0.42–0.72;
P < 0.0001), rs2856718 (OR = 0.60; 95% CI, 0.45–0.80;
P = 4e-04), rs9277535 (OR = 0.54; 95% CI, 0.44–0.66;
P < 0.0001) and rs7453920 (OR = 0.43; 95% CI, 0.30–
0.62; P < 0.0001). The most significant difference was
seen in rs7453920 (dominant model) and rs9277535
(log-additive model). Similarly, this result indicated that
the selection of case and control in this study was rea-
sonable.

For the TLR–IFN pathway genes, a significant asso-
ciation between SNP and the risk of chronic HBV
infection was seen in TLR9 rs352140, IL1B rs16944,
IL12B rs3212227, IFNGR1 rs3799488, IFNGR2
rs1059293 and MX1 rs467960. For rs352140, the rela-
tive risk of chronic HBV infection for genotype CT
was lower than for genotype CC-TT (overdominant
model; OR = 0.70; 95% CI, 0.53–0.91; P = 0.0088).
For rs16944, the relative risk of chronic HBV infection
for genotype AA was lower than for genotype GG-GA
(recessive model; OR = 0.67; 95% CI, 0.49–0.92;
P = 0.016). For rs3212227, the relative risk of chronic
HBV infection for genotype GT was higher than for

genotype TT-GG (overdominant model; OR = 1.38;
95% CI, 1.05–1.81; P = 0.021). For rs3799488, the rel-
ative risk of chronic HBV infection for genotype
CT-CC was higher than for genotype TT (dominant
model; OR = 1.48; 95% CI, 1.13–1.95; P = 0.0048. For
rs1059293, the relative risk of chronic HBV infection
for genotype CC was lower than for genotype TT-CT
(recessive model; OR = 0.27; 95% CI, 0.10–0.71;
P = 0.011. For rs467960, the relative risk of chronic
HBV infection for genotype CT–TT was lower than
for genotype CC (dominant model; OR = 0.68; 95%
CI, 0.49–0.94; P = 0.022). For the remaining 33 SNPs,
there was no significant association between SNP and
susceptibility to chronic HBV infection. Five models
of SNP association with chronic HBV infection are
presented in Table S7 (10 significant SNPs) and Table
S8 (33 non-significant SNPs).

Given the total of 43 SNPs in this study, we carried
out a multiple comparison by QVALUE to reduce the
chance of false positives. In addition to the 10 significant
SNPs mentioned above, a significant association was
seen in three new SNPs, IL1B rs1143627 (OR = 0.74;
95% CI, 0.54–1.01; P = 0.057, q = 0.0467), IL10
rs1800872 (OR = 0.77; 95% CI, 0.59–1.01; P = 0.069,
q = 0.0467) and CXCL10 rs4256246 (OR = 1.21; 95%
CI, 0.98–1.49; P = 0.069, q = 0.0495). The results are
shown in Table 1 (significant) and Table S9 (non-signif-
icant). Therefore, there was a total of 13 SNP loci with a
significant association after multiple comparisons.
Nevertheless, the new three SNPs demonstrated only
borderline significance.

Table 1. Multiple comparisons of SNP association with chronic HBV infection by QVALUE (significance only)

Gene SNP Model Genotype Control Case OR (95% CI) P-value q-value

HLA-DPA1 rs3077 Dominant G/G 124 (45.6%) 724 (61%) 1.00 <1e-04 <0.0002
G/A-A/A 148 (54.4%) 462 (39%) 0.55 (0.42–0.72)

HLA-DPB1 rs9277535 Log-additive – – – 0.54 (0.44–0.66) <1e-04 <0.0002
HLA-DQA2 rs2856718 Dominant T/T 82 (30.3%) 504 (42.7%) 1.00 4e-04 0.0009

C/T-C/C 189 (69.7%) 677 (57.3%) 0.60 (0.45–0.80)
HLA-DQB2 rs7453920 Dominant G/G 213 (78.9%) 1061 (89.8%) 1.00 <1e-04 <0.0002

G/A-A/A 57 (21.1%) 121 (10.2%) 0.43 (0.30–0.62)
TLR9 rs352140 Overdominant C/C-T/T 122 (44.7%) 639 (53.6%) 1.00 0.0088 0.0137

C/T 151 (55.3%) 552 (46.4%) 0.70 (0.53–0.91)
IFNGR1 rs3799488 Dominant T/T 163 (59.7%) 608 (51.1%) 1.00 0.0048 0.0089

C/T-C/C 110 (40.3%) 582 (48.9%) 1.48 (1.13–1.95)
IFNGR2 rs1059293 Recessive T/T-C/T 265 (97.1%) 1180 (99.2%) 1.00 0.011 0.0146

C/C 8 (2.9%) 10 (0.8%) 0.27 (0.10–0.71)
IL12B rs3212227 Overdominant T/T-G/G 151 (55.9%) 582 (49%) 1.00 0.021 0.0205

G/T 119 (44.1%) 606 (51%) 1.38 (1.05–1.81)
IL1B rs1143627 Recessive A/A-G/A 197 (72.4%) 921 (77.6%) 1.00 0.057 0.0467

G/G 75 (27.6%) 266 (22.4%) 0.74 (0.54–1.01)
IL1B rs16944 Recessive G/G-G/A 172 (70.5%) 882 (77.5%) 1.00 0.016 0.0186

A/A 72 (29.5%) 256 (22.5%) 0.67 (0.49–0.92)
IL10 rs1800872 Overdominant T/T-G/G 138 (51.1%) 698 (58.8%) 1.00 0.06 0.0467

G/T 132 (48.9%) 490 (41.2%) 0.77 (0.59–1.01)
CXCL10 rs4256246 Log-additive – – – 1.21 (0.98–1.49) 0.069 0.0495
MX1 rs467960 Dominant C/C 207 (75.8%) 982 (82.5%) 1.00 0.022 0.0205

C/T-T/T 66 (24.2%) 209 (17.6%) 0.68 (0.49–0.94)
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Analysis of gene–gene interaction

To observe gene–gene interactions, we first filtered the
data to reduce the number of attributes considered in
the analysis by GMDR. Among the 43 SNPs investi-
gated, five were filtered for further analysis, including
HLA-DPB1 rs9277535, IL1B rs16944, IL1B rs1143627,
IL1B rs1143623 and IL27B rs6613. We applied interac-
tion entropy algorithms to facilitate interpretation of
the relationship between these five SNPs.

As shown in Figure 1A, the interaction dendrogram
placed rs16944 and rs1143627, rs9277535 and rs6613 on
the same branch. Their position in the diagram indicates
the interaction between these SNPs, but the evidence
showed that the interaction is not strong between the
five SNPs. As shown in Figure 1B, the more percentages
of the entropy in case–control status were explained by
rs9277535 (1.65%) and rs16944 (0.22%), while the
strongest positive percentage entropy indicated an inter-
action between these two loci (0.13%). Furthermore, a
positive marginal effect was seen between rs1143623 and
rs6613 (0.10%). This suggested that a synergistic rela-
tionship exists between rs9277535 and rs16944,
rs1143623 and rs6613.

Analysis of best models in evaluating the risk of chronic
HBV infection

According to the data filtered by GMDR, we further
evaluated the risk of chronic HBV infection associated
with genetic variation in more than one gene. The
GMDR model analysis is shown in Table 2. Rs9277535
was the best single factor for predicting chronic HBV
infection risk [testing balance accuracy (TA) = 0.5842;
P = 0.0107; cross-validation consistency (CVC) = 10/
10]. The combination of rs9277535 and rs16944 was the

best two-factor model (TA = 0.6040; P = 0.0010;
CVC = 10/10). The three-factor model added rs6613 to
the rs9277535 and rs16944 model (TA = 0.5600;
P = 0.0107; CVC = 3/10). The four-factor model
included rs9277535, rs16944, rs6613 and rs1143623
(TA = 0.5532; P = 0.0547; CVC = 10/10). The five-fac-
tor model added rs1143627 to the four-factor model
(TA = 0.5487; P = 0.1719; CVC = 10/10). Therefore,
the best model is the two-factor model, rs9277535 plus
rs16944. Figure 2A and Table S10 summarize the MDR
analysis for the best model. Of all nine possible genotype
combinations, nine were observed in the samples, four
genotypes were predicted to be high risk (dark-grey
cells), and five genotypes were predicted to be low risk
(light-grey cells). Figure 2B illustrates the distribution
of cases and controls when the two functional SNPs
were considered jointly. A new single attribute was con-
structed by pooling the “high-risk” genotype combina-
tions into a single group (1) and the ‘low-risk’ into
another (0).

Discussion

Chronic HBV infection most frequently occurs via
mother-to-child transmission or following childhood
infection in China (24). Innate immunity plays a crucial
role in HBV control (12). Susceptibility to chronic
infection rather than virus clearance after HBV expo-
sure, presentation of various clinical phenotypes and
differing clinical outcomes in chronic HBV infection, as
well as differing responses to antivirus treatment dem-
onstrate that the genetic background of the innate
immune system is a crucial factor in determining the
outcome of HBV infection.

In terms of genetics, HBV infection is a complex dis-
ease. Several SNPs located in the HLA gene cluster,

(A) (B)

Figure 1. The interaction between the five-filtered SNPs. (A) Gene–gene interaction dendrogram. The shorter the line connecting two attri-
butes, the stronger the interaction. The colour of the line indicates the type of interaction. Yellow indicates independence. Green and blue
indicate redundancy or correlation. Red and orange indicate that there is a synergistic relationship. (B) Entropy algorithms with marginal
effects. These interaction models describe the per cent entropy in case–control status, that is, explained by two-way interaction. Each gene
is shown in a box with the per cent entropy below the label. Two-way interactions between SNPs are depicted as a colour curve accompa-
nied by a per cent of entropy explained by that interaction. Orange with a positive per cent entropy suggests there is a synergistic relation-
ship. Yellow with a positive or negative per cent entropy suggests independence. Green and blue with a negative per cent entropy suggest
redundancy or correlation.
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namely rs2856718, rs7453920, rs3077 and rs9277535,
were identified by GWAS as being associated with the
risk of chronic infection with HBV in Asian individuals
(3, 4, 25, 26). Genetic variants in the HLA-DP locus are
strongly associated with persistent HBV infection in the
northern Han Chinese population and in individuals of
both European-American and African-American ances-
try (27, 28). Unlike the IL28B SNP, rs12979860, which
is associated with HCV clearance, there are few studies
focusing on the mechanisms by which HLA gene varia-
tions may influence the development of HBV infection.
Furthermore, studies investigating the mechanism
between IL28B variation and HCV clearance have
shown that IL28B variation is associated with other
immune factors (19, 21, 29, 30). Therefore, we

attempted to define the association between genes of the
innate immunity and HLA variation.

In this study, as expected, a significant association
was seen in all four of the HLA SNPs. The two most sig-
nificantly associated SNPs, rs7453920 and rs9277535,
are located in HLA-DQB1 and HLA-DPB1, which
encode b-chain paralogs of HLA-DQ and HLA-DP
respectively. Class II molecules are expressed in antigen-
presenting cells such as B lymphocytes, dendritic cells,
and macrophages and antigen polymorphisms in these
molecules depend on b-chain paralogs. Therefore, the
two SNP loci may affect the presentation of peptides
derived from extracellular proteins by influencing the
class II molecules. Furthermore, in addition to an asso-
ciation with HBV infection, rs7453920 and rs9277535

Table 2. The best models to predict chronic HBV infection by GMDR

Factor Model* Training Bal. Acc.† Testing Bal. Acc.† Sign Test (P)‡ CV Consistency§

1 rs9277535 0.5847 0.5842 9 (0.0107) 10/10
2 rs9277535 rs16944¶ 0.6045 0.6040 10 (0.0010) 10/10
3 rs9277535 rs16944 rs6613 0.6104 0.5600 9 (0.0107) 3/10
4 rs9277535 rs16944 rs6613 rs1143623 0.6267 0.5532 8 (0.0547) 10/10
5 rs9277535 rs16944 rs1143627 rs6613 rs1143623 0.6312 0.5487 7 (0.1719) 10/10

*The best combination of attributes for each order model.

†Ratio of correct classifications to the total number of instances classified within the training or testing set. This excludes instances that could not be

classified. If cross-validation is used, this value is estimated from the average of all accuracies across the n subsets.

‡The number of testing accuracies greater than 0.5 and, in parentheses, the P-value computed using the nonparametric sign test.

§Number of times in a particular cross-validated run that a given attribute combination was selected as the best model.

¶Whole dataset statistics: Training Balanced Accuracy, 0.6045; Training Accuracy, 0.6045; Training Sensitivity, 0.6742; Training Specificity, 0.5348;

Training Odds ratio, 2.3792 (1.6188, 3.4968); Training v² (P), 19.7912 (P < 0.0001); Training Precision, 0.5917; Training Kappa, 0.2090; Training F-

Measure, 0.6303.
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were also found to be associated with cervical cancer in
Chinese females, and with multiple sclerosis (31, 32).

Although 39 SNPs within 23 genes of the TLR–IFN
pathway were considered, significant associations were
only seen in six SNP loci. Heterozygosity at TLR9
rs352140 and MX1 rs467960 was protective against the
risk of chronic hepatitis B, while heterozygosity at IL12B
rs3212227 was associated with susceptibility to chronic
HBV infection. The minor alleles of IL1B rs16944 and
IFNGR2 rs1059293 were protective against the risk of
chronic HBV infection, while the minor allele of IF-
NGR1 rs3799488 conferred susceptibility. Notably, a
significant association was not seen for IL28B
rs12979860 and rs8099917, two SNP loci associated with
HCV clearance.

TLRs play a key role in innate immunity by recogniz-
ing invading pathogens. In a study of HBV transgenic
mice, a single intravenous injection of ligands specific
for TLR3, TLR4, TLR5, TLR7 and TLR9 can inhibit
HBV replication (33). TLR9 rs352140 was found to be
associated with various diseases, such as systemic lupus
erythematosus, cancer, glomerulonephritis and malaria
(34–37). Notably, in our study, no significant correla-
tion was seen in four SNP loci of TLR3, TLR4 and
TLR5. This suggested that TLR9 may play a more influ-
ential role in anti-HBV immunity than other TLRs
involved in the antiviral response.

The IL12B gene encodes the beta subunit (p40) of
IL-12 and IL-23, which can activate the transcription
activator STAT4 and stimulate the production of IFN-c.
IL12B rs3212227, located in the 3’UTR of exon 6, is
associated with various diseases, especially those medi-
ated by the immune system (38, 39). Moreover, serum
IL-12p40 levels of rs3212227 CC/AC genotypes were less
than AA genotypes in osteosarcoma patients (40). The
mechanism by which rs3212227 influences HBV infec-
tion may be associated with influencing cytokine pro-
tein expression.

Interleukin-1 beta (IL-1b), encoded by the IL1B gene,
is an important mediator of the inflammatory response,
and is involved in a variety of cellular activities, includ-
ing cell proliferation, differentiation and apoptosis.
IL1B rs16944 has been associated with several diseases,
including stroke, HIV infection and chronic obstructive
pulmonary disease (41–43). Although the mechanism
by which rs16944 is involved in such diseases is not
clear, such a wide association with so many conditions
indicates that rs16944 plays an important role in the
immune system.

In this study, five SNP loci in IFNG and IFNGR were
also considered. However, a significant association was
seen in IFNGR1 and IFNGR2, which together encode
the heterodimeric interferon gamma receptor. IFNGR1
rs3799488 and IFNGR2 rs1059293 were reportedly asso-
ciated with cancer (44–46). Mx1 is an interferon-induc-
ible intracytoplasmic protein that mediates antiviral
activity against invading viruses. Studies have shown
that overexpression of the HBV capsid protein led to

selective downregulation of Mx1 gene expression and
also indicated that Mx1 protein exerts an antiviral effect
on HBV (47–49). Among four SNP loci within Mx1, a
significant association was only seen in rs467960. MX1
rs467960 C to T in exons encodes a synonymous muta-
tion of isoleucine. Although synonymous SNPs do not
produce altered coding sequences and are not expected
to change the function of the protein, a study has shown
that a synonymous SNP in the Multidrug Resistance 1
gene altered not only drug and inhibitor interactions
but also the structure of substrate and inhibitor interac-
tion sites (50).

To investigate potential gene–gene interactions, we
further observed the gene–gene interactions among all
43 SNPs. Among five filtered SNPs, three SNP loci were
located in IL1B, but only rs9277535 and rs16944 were
significant SNP loci. Gene–gene interactions with syner-
gistic relationships were only seen in two combinations
in all 10 combinations. This result suggests that the
main mechanism of these significant SNP loci may be
independent of one another.

Furthermore, we evaluated the risk of chronic HBV
infection associated with genetic variation in more than
one gene. The best GMDR model was the combination
of rs9277535 and rs16944, which demonstrated the
highest testing accuracy and CVC. A weak positive per-
centage entropy in case–control status was observed.
Therefore, this suggested that the rs9277535 and
rs16944 model should be used for evaluating the risk of
chronic HBV infection, and IL1B rs16944 plays
an important role in the mechanism of chronic HBV
infection when in combination with HLA-DPB1
rs9277535.

This study has several important features. First, our
focus on the mechanism of chronic HBV infection was
concentrated around the association between the innate
immune pathway and previously published GWAS find-
ings. Second, the selected target genes cover the key fac-
tors in the TLR–IFN pathway and most proteins
encoded by these genes are soluble and readily detect-
able. Third, MDR was applied to analyse the observed
gene–gene interactions.

In conclusion, in the Chinese Southwest Han popula-
tion, key gene polymorphisms within the TLR–IFN
pathway are associated with susceptibility to chronic
HBV infection. Interactions with such TLR–IFN SNPs
may be involved in the mechanism behind the observed
association between HLA polymorphisms and chronic
HBV infection. Finally, the combination of HLA-DPB1
rs9277535 and IL1B rs16944 is a more reliable predictor
than rs9277535 of susceptibility to chronic HBV infec-
tion.
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