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ABSTRACT
Background  The natural outcomes of hepatitis B 
virus (HBV) and/or hepatitis C virus (HCV) infections 
vary considerably among individuals The infection may 
heal naturally, or patients may succumb to chronic liver 
diseases, including chronic hepatitis, liver cirrhosis and 
hepatocellular carcinoma. The mechanism is not fully 
understood.
Objectives  To evaluate the interaction among four single 
nucleotide polymorphisms (SNPs) and their influence on 
different clinical outcomes.
Methods  277 individuals infected with HBV and/
or HCV, including 81 patients with chronic hepatitis B 
and C, 122 asymptomatic HBV and/or HCV carriers and 
74 controls who cleared HBV and HCV spontaneously, 
were involved in this study. The SNPs of four genes 
(rs2069762/−330 G/T of IL-2, rs2430561/+874A>T of 
IFN-γ, rs1800896/−1082G>A and rs1800872/−592C>A 
of IL-10 and rs2243250/−589C>T of IL-4) were analysed 
using restriction fragment length polymorphism-
polymerase chain reaction or sequence-specific primer 
PCR. The gene–gene interactions were assessed using the 
multifactor-dimensionality reduction method.
Results Interleukin (IL)-10-592 AC and IL-4-589 CC/CT 
showed a synergistic effect on liver inflammatory injury 
(p<0.01), whereas interferon (IFN)-γ+874  AA and IL-2-
330 TT had a synergistic impact (p<0.05). IFN-γ+874  AA 
and IL-10-1082 AA had an antagonistic effect (p<0.01) on 
the clinical progression, including asymptomatic HBV and 
HCV carriers and chronic hepatitis. IL-2-330 TT and IL-10-
1082 AA synergistically influenced the clinical outcome 
(p<0.05). IFN-γ+874 AA, IL-2-330 TT and IL-10-1082 
AA interactively affected the clinical outcome including 
asymptomatic HBV and HCV carriers and chronic hepatitis 
(p<0.05).
Conclusions  Interactions among polymorphisms of 
IFN-γ+874 AA, IL-2-330 TT, IL-10-1082 AA, IL10-−592 
AC and IL-4-589 CC/CT significantly influenced the 
clinical progression of the subjects with HBV and/or HCV 
infection.

InTROduCTIOn
The outcome of HBV and/or HCV infections 
varies considerably from person to person.1 2 
Some individuals overcome the infection and 
are immune for the rest of their lives, whereas 
most people become disease carriers. Some 
carriers may have chronic liver diseases, such 
as chronic hepatitis (CH), liver cirrhosis and 
hepatocellular carcinoma.3 4 The mecha-
nisms explaining these differences have not 
yet been determined. Evidence has shown 
that the different immune responses to the 
HBV/HCV infection in individuals result in 
different clinical outcomes.5 6

Helper T cells (Th) are known to play an 
important role in immunomodulation. The 
major cytokines, including interleukin 2 
(IL-2) and interferon-gamma (IFN-γ), are 
secreted by Th1 cells. Th1 cytokines are 

Interaction effects among IFN-γ+874, IL-
2-330, IL-10-1082, IL-10-592 and IL-4-589 
polymorphisms on the clinical 
progression of subjects infected with 
hepatitis B virus and/or hepatitis C 
virus: a retrospective nested case–
control study

Qiu-Ju Gao,1 Jia-Xin Xie,1 Li-Min Wang,1 Qiang Zhou,1 Shi-Yong Zhang2

To cite: Gao Q-J, Xie J-X, 
Wang L-M, et al.  Interaction 
effects among IFN-γ+874, IL-
2-330, IL-10-1082, IL-10-592 
and IL-4-589 polymorphisms 
on the clinical progression of 
subjects infected with hepatitis 
B virus and/or hepatitis C 
virus: a retrospective nested 
case–control study. BMJ Open 
2017;7:e013279. doi:10.1136/
bmjopen-2016-013279

 ► Prepublication history for 
this paper is available online. 
To view these files please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2016- 
013279).

Received 2 July 2016
Revised 1 July 2017
Accepted 14 July 2017

1Department of Preventive 
Medicine, Bethune Military 
Medical NCOs School of PLA, 
Shijiazhuang, China
2Institution of Epidemiology, 
Center for Disease Prevention 
and Control of Shijiazhuang, 
Shijiazhuang, China

Correspondence to
Dr Shi-Yong Zhang;  
 1263591855@ qq. com

Research

Strengths and limitations of this study

 ► As far as we know, this is the first study of interactions 
between single nucleotide polymorphisms among 
the four cytokines on the clinical outcomes for 
individuals with HBV and/or HCV infections.

 ► The natural history of the community-based blood 
donation infected with HBV, HCV and both HBV and 
HCV made the results more reliable.

 ► This study used a retrospective nested case–control 
method and the long-term data collection and 
analysis strengthened the rigour of the study.

 ► This study lacked stratification into subgroups of 
patients with HBV and/or HCV infections and biases 
might have affected the results.

 ► A liver biopsy in asymptomatic HBV and/or HCV 
carriers was not done to evaluate the inflammation.
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associated with cell-mediated immunity to control intra-
cellular pathogens, such as viruses, and participate in 
cytotoxic T lymphocyte proliferation and activation and 
activation of natural killer cells. The major lymphokines 
secreted by Th2 cells are interleukin 4 (IL-4) and 
interleukin 10 (IL-10). Th2 cytokines are essential for 
antibody-mediated immunity through proliferation and 
activation of the B lymphocytes.7 The cytokines from Th1 
cells inhibit Th2 cells and vice versa. The imbalance of 
Th1 and Th2 disturbs the balance between the cell-me-
diated and antibody-mediated immunity, which might 
be the key factor in the clinical outcome of chronic HBV 
and HCV infections.8 Additionally, studies have shown 
that the different outcomes of patients with HBV and 
HCV infections are due to different levels of the Th1 and 
Th2 cytokines present.9 10 Many researchers have shown 
a correlation between the immunity level of the host and 
the relevant gene polymorphisms, especially single nucle-
otide polymorphisms (SNPs) in the promoter region that 
regulate the gene expression.11 12

In our previous research, we reported that 
rs2069762/−330 G/T of IL-2, rs2430561/+874 A>T of IFN-γ, 
rs1800896/−1082 G>A and rs1800872/−592 C>A of IL-10 and 
rs2243250/−589 C>T of IL-4 were strongly associated with 
the clinical outcome of subjects infected with HBV and/
or HCV.13 However, the interleukins and SNPs of cytokines 
may not have independent roles, but may interact with 
each other in establishing the clinical consequences. In this 
study, we analysed the effect of gene–gene interactions of 
rs2069762/−330 G/T of IL-2, rs2430561/+874 A>T of IFN-γ, 
rs1800896/−1082 G>A and rs1800872/−592 C>A of IL-10 and 
rs2243250/−589 C>T of IL-4 on the clinical outcomes of 
subjects with HBV and/or HCV infections using generalised 
multifactor-dimensionality reduction.14

MeThOdS
Study subjects
Two hundred and seventy-seven people with HBV and/
or HCV infection (137 male, 140 female), with a mean 
(SD) age of 50.2 (10.4) years (range 30–70 years), were 
included in the study. Of these, 81 patients were diag-
nosed with chronic hepatitis B (CHB) and/or chronic 
hepatitis C (CHC) (38 male, 43 female, mean (SD) age 
49.8 (10.9) years), 122 patients were asymptomatic HBV 
and/or HCV carriers (ASC) (65 male, 57 female, mean 
(SD) age 51.3 (10.6) years) and 74 participants were 
controls who had been infected with HBV or HCV in the 
late 1980s because of plasma donation, but tested nega-
tive to HCV or HBV in 2007 (34 male, 40 female, mean 
(SD) age 48.6 (9.4) years). Subjects were classified into 
the following groups: (1) a control group; (2) asymp-
tomatic hepatitis B surface antigen carriers and hepatitis 
C virus carriers, who fulfilled the following criteria: (i) 
seropositive for HBsAg and anti-HCV for at least 15 years, 
(ii) no evidence of liver cirrhosis based on the clinical 
criteria and ultrasound examination and (iii) normal 
alanine aminotransferase (ALT) (upper limit 80 U/L15); 

(3) patients diagnosed with chronic hepatitis B and/or 
hepatitis C, based on the following factors: (i) seropos-
itive for HBsAg and anti-HCV for at least 15 years, (ii) 
serum HBV DNA positive and serum HCV RNA positive, 
(iii) persistent or intermittent elevation in ALT level and 
(iv) liver biopsy showing chronic hepatitis with moderate 
or severe necroinflammation. Patients who had other 
possible causes of hepatitis, including fatty liver and other 
concurrent illness, were excluded from this study. This 
study was approved by the ethics committees of the Centre 
for Disease Prevention and Control of Shijiazhuang and 
written consent was obtained from all voluntary subjects 
in accordance with the Declaration of Helsinki.

Genotyping of SnPs
Genomic DNA was extracted from the peripheral blood 
using a commercially available kit (Tiangen Biotech, 
Beijing, China). The genotype polymorphisms of 
rs2069762/−330 G/T of IL-2, rs2243250/−589 C>T of IL-4 and 
rs1800872/−592 C>A of IL-10 were examined using restriction 
fragment length polymorphism-polymerase chain reaction 
PCR. The primer sequences, PCR reaction volume and 
conditions for restriction enzyme digestion were the same 
as reported in our previous study.13 The polymorphisms of 
rs1800896/−1082 G>A of IL-10 and rs2430561/+874 A>T of 
IFN-γ were detected using the sequence-specific primer-PCR 
technique. The allele-specific primers, the PCR reaction 
volume and the internal control primers were used based 
on our previous publication.13

Statistical analysis
Gene–gene interactions were analysed by multifactor-di-
mensionality reduction.14 The interaction between 
rs1800872/-592 C>A of IL-10 and rs2243250/-589 C>T of 
IL-4 and its relationship with abnormal ALT levels was eval-
uated. Similarly, the interactions among rs2430561/+874 
A>T of IFN-γ, rs2069762/-330 G/T of IL-2 and rs1800896/-
1082 G>A of IL-10, and their association with the clinical 
outcome were assessed. Appropriate models were used 
to test accuracy, cross-validation (CV) consistency and 
significance. The interaction indexes, including synergy 
index (S), attributable proportion of interaction (API) 
and relative excess risk of interaction (RERI) were evalu-
ated based on the Rothman measures16: (1) S = (RR11–1)/
[(RR10–1)+(RR01–1)], (2) API = [RR11-(RR10+RR01)+1]/
RR11, (3) RERI = RR11 - (RR10 + RR01)+1. The 95% CI of 
RERI was calculated by RERI(1±Z/√χ2). Frequencies of the 
genotypes among different groups were compared using 
the χ2 test. The odds ratio (OR) and its 95% CI were also 
estimated. A p value of <0.05 was considered as statisti-
cally significant. All statistical tests were two sided.

ReSulTS
Percentage homogeneity of patients infected with HCV, HBV 
combined HBV/HCV within each group
There were 37 cases (30.3%) of HCV infection, 43 (35.2%) 
of HBV infection and 42 (34.4%) of combined HBV and 
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Table 1 The IL-10-592 and IL-4-589 genotypes and 
allele distribution of subjects with different alanine 
aminotransferase (ALT) levels

Genotype and 
allele

ALT level
χ2 p Value<80 U/L

(n=244)
≥80 U/L
(n=33)

IL-10-592 AA 110 (45.1) 8 (24.2) 6.32 p<0.05

  CC 27 (11.1) 3 (9.1)

  AC 107 (43.9) 22 (66.7)

  A 327 (67.0) 38 (57.6)
2.30 p>0.05

  C 161 (33.0) 28 (42.4)

IL-4-589 CC 6 (2.5) 3 (9.1) 12.46 p<0.05

  CT 106 (43.4) 22 (66.7)

  TT 132 (54.1) 8 (24.2)

  C 118 (24.2) 28 (42.4)
9.97 p<0.01

  T 370 (75.8) 38 (57.6)

Table 2 The IL-2–330, IFN-γ+874 and IL-10–1082 genotypes and allele distribution of the subjects with different clinical 
outcomes

Genotype and allele

Clinical outcome

χ2 P
Controls
(n=74)

ASC
(n=122)

CHB/C
(n=81)

IL-2–330 TT 22 (29.7) 54 (44.3) 23 (40.4) 13.46 p<0.05

  GG 19 (25.7) 14 (11.4) 6 (10.5)

  TG 33 (44.6) 54 (44.3) 28 (49.1)

  T 77 (52.0) 163 (66.8) 74 (64.9) 11.69 p<0.01

  G 71 (48.0) 81 (33.2) 40 (35.1)

IFN-γ+874TT 8 (10.8) 14 (11.5) 5 (8.8) 14.8 p<0.05

  AA 14 (18.9) 48 (39.3) 26 (45.6)

  TA 52 (70.3) 60 (49.2) 26 (45.6)

  T 68 (45.9) 90 (36.9) 36 (31.6) 5.68 p>0.05

  A 80 (54.1) 154 (63.1) 78 (68.4)

IL-10-1082GG 1 (1.4) 1 (0.8) 1 (1.8) 7.03 p<0.05

  AA 16 (21.6) 44 (36.1) 24 (42.1)

  GA 57 (77.0) 77 (63.1) 32 (56.1)

  G 59 (39.9) 79 (32.4) 34 (29.8) 5.85 p>0.05

  A 89 (60.1) 165 (67.6) 80 (70.2)

ASC, asymptomatic HBV and/or HCV carriers; HBV, hepatitis B virus; HCV, hepatitis C virus.

HCV infection in the ASC group, while in the group with 
CH, there were 18 cases (22.2%) of HCV infection, 36 
cases (44.4%) of HBV infection and 27 (33.3%) patients 
with combined HBV/HCV infection. The population 
under study was therefore, shown to be homogeneous 
(χ2=2.256, p=0.324).

Genotype and allele distributions in the subjects with hBV 
and/or hCV infections
rs1800872/−592 C>A of IL-10 and rs2243250/−589 C>T of 
IL-4 correlated with abnormal ALT levels. While IL-10-592 

AC showed an increased risk, IL-10-592 AA presented a 
reduced risk of unusual levels of ALT (OR (95% CI)=2.83 
(1.21 to 6.63)). However, the IL-10–592 A/C alleles were 
not associated with such abnormal ALT levels (p>0.05). 
Although IL-4-589 CT/CC corresponded with an 
increased susceptibility, IL-4–589 TT showed a reduced 
risk of abnormal amounts of ALT [OR (95% CI)=3.43 
(1.47 to 8.00) and 8.25 (1.74 to 39.22), respectively]. 
IL-4-589 C projected a higher risk; conversely, IL-4-589 T 
indicated a reduced possibility of a deviant ALT concen-
tration (OR (95% CI)=2.31 (1.36 to 3.93)) (table 1).

rs2069762/−330 G/T of IL-2, rs2430561/+874 A>T of 
IFN-γ and rs1800896/−1082 G>A of IL-10 were observed 
to correlate with the clinical outcome. IL-2-330 TT/T, 
OR (95% CI)=3.33 (1.42 to 7.79)/1.86 (1.22 to 2.82); 
IFN-γ+874 AA, OR (95% CI)=2.97 (1.47 to 5.99); and 
IL-10-1082 AA, OR (95% CI)=2.04 (1.05 to 3.97) were 
associated with an increased risk of ASC, CHB and 
CHC. In contrast, IL-2-330 GG/G, OR (95% CI)=3.31 
(1.11 to 9.83)/1.71 (1.03 to 2.82); IFN-γ+874 TA, OR 
(95% CI)=3.71 (1.67 to 8.29); and IL-10-1082GA, OR 
(95% CI)=2.67 (1.24 to 5.75), were linked with a reduced 
risk of ASC, CHB and/or CHC (table 2).

effect of gene–gene interaction and interaction indexes of Il-
10-592 AC and Il-4-589 CC/CT on liver inflammatory injury
rs1800872/−592 C>A of IL-10 and rs2243250/−589 C>T 
of IL-4 revealed significant interactions with liver inflam-
matory injury in the subjects infected with HBV and/or 
HCV (p<0.01, testing accuracy=0.7112 and CV consis-
tency=10/10) (table 3). IL-10-592 AC and IL-4-589 CC/
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Table 3 Gene–gene interactions of IFN-γ+874, IL-2-330, IL-10-1082, IL-10-592 and IL-4-589 in the clinical outcome of the 
subjects infected with HBV and HCV

Clinical
types Interaction among genes

Testing
accuracy CV consistency P

Abnormal ALT IL-10-A592C*IL-4-C589T 0.7112 10/10 <0.01
Clinical outcome IFN-γ+T874A*IL-2-T330G 0.6313 10/10 <0.01

IFN-γ+T874A*IL-10-G1082A 0.6496 10/10 <0.01

IL-2-T330G*IL-10-G1082A 0.6182 10/10 <0.01

IFN-γ+T874A*IL-10-G1082A*IL-2-T330G 0.5902 9/10 ≤0.01

ALT, alanine aminotransferase; CV, cross-validation.

Table 4 Effect of the interaction of IL-10-592 AC and IL-4-589 CC/CT on serum alanine aminotransferase (ALT) levels of the 
subjects infected with HBV and/or HCV

IL-10-592 AC IL-4-589 CC/CT ALT<80 U/L ALT≥80 U/L p Value OR (95% CI)

− − 82 5 − 1.00

− + 55 6 >0.05 1.79 (0.52 to 6.15)

+ − 50 3 >0.05 0.98 (0.23 to 4.30)

+ + 57 19 <0.01 5.47 (1.93 to 15.49)

CT had a significant synergistic effect on the liver inflam-
matory injury, with a p value <0.01, OR (95% CI)=5.47 
(1.93 to 15.49) and S=7.10. Among patients infected with 
HBV and/or HCV, the 67.6% of those who were in risk 
(as shown by the API score) of developing liver inflamma-
tory injury was due to the interaction between IL-10-592 
AC and IL-4-589 CC/CT genotypes. The extra risk of 
progression related to the interaction between these two 
genotypes was 3.70 times higher than that of other factors; 
RERI (95% CI)=3.70 (2.01 to6.80) (table 4).

Impact of gene–gene interaction and interaction indexes of 
IFn-γ+874 AA, Il-2-330 TT and Il-10-1082 AA on the clinical 
outcomes of the subjects
rs2430561/+874 A>T of IFN-γ, rs2069762/−330 G/T 
of IL-2 and rs1800896/−1082 G>A of IL-10 showed a 
significant impact on the clinical outcomes of subjects 
infected with HBV and/or HCV (p<0.01). Testing 
accuracy and CV consistency of rs2430561/+874 
A>T*rs2069762/−330 G/T were 0.6313 and 10/10, respec-
tively; and that of rs2430561/+874 A>T*rs1800896/−1082 
G>A were 0.6496 and 10/10, respectively. While 
rs2069762/−330  G/T*rs1800896-1082 G>A presented 
a testing accuracy and CV consistency of 0.6182 and 
10/10, respectively, the values for rs2430561/+874 
A>T*rs1800896/−1082 G>A*rs2069762/−330 G/T were 
0.5902 and 9/10, respectively (table 3).

IFN-γ+874 AA and IL-2–330 TT significantly progressed 
and had a synergistic effect on the clinical outcome of ASC 
or CH, with p<0.01; OR (95% CI)=10.13 (2.25 to 45.68) 
and 11.40 (2.40 to 54.22), respectively; and S=13.04 and 
5.59, respectively (table 5). The clinical manifestation of 
ASC and CH with 83.2% and 74.9% risks (in terms of the 
API), respectively, were due to the interaction between 
IFN-γ+874 AA and IL-2-330 TT genotypes. The additional 

risk of the clinical outcome resulting from the interaction 
between the two genotypes was higher than due to other 
factors, as reflected by the RERI (95% CI)=8.43 (2.95 to 
24.06) for ASC, 8.54 (2.97 to 24.53) for CH.

IFN-γ+874 AA and IL-10-1082 AA interactively impeded 
the progression of HBV and HCV infections to ASC and 
CH [OR (95% CI)=3.27 (1.10 to 9.72) and 5.97 (1.92 
to 18.56), respectively; p<0.05] (table 6); and showed a 
significant antagonistic effect on these clinical outcomes 
in the subjects infected with HBV and/or HCV (S=0.47, 
0.67, respectively). Furthermore, the protective actions 
could be attributed to the interaction between the geno-
types, IFN-γ+874 AA and IL-10-1082 AA (API=−79.21%, 
−41.21%, respectively). Meanwhile, the excess protection 
resulting from the interaction was −2.59 (-1.80 to −3.73) 
and −2.46 (−1.74 to −3.47) times lower than due to other 
factors, as indicated by these RERI (95% CI) scores.

The IL-2–330 TT and IL-10–1082 AA had a significant 
and synergistic impact on the clinical developments to 
ASC and CH; p<0.05, OR (95% CI)=3.34 (1.24 to 9.01), 
4.73 (1.66 to13.47), respectively, S=1.65, 1.40 (table 7). 
In the clinical outcome of the subjects as ASC and CH, 
27.54% and 22.41% of the risks (as signified by the API 
scores) were due to the interaction between IL-2–330 TT 
and IL-10–1082 AA genotypes. Furthermore, the RERI 
scores indicated that the excess risk of this interaction 
results in the progression of the infection was 0.92 (0.88 
to 0.96) and 1.06 (1.03 to 1.09), respectively.

IFN-γ+874 AA, IL-2-330 TT and IL-10-1082 AA presented 
certain associations with the clinical outcome, such as 
ASC or CH in patients infected with HBV and HCV; OR 
(95% CI)=9.60 (1.15 to 80.39), 17.23 (1.92 to 154.30), 
respectively, p<0.05 (table 8). However, no interactions 
developed into ASC, they progressed only to CH (S=1.06, 
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Table 5 Effect of the interaction of IFN-γ+874 AA and IL-2-330TT on the clinical outcome of the subjects infected with HBV/
HCV (n)

IFN-γ+874 
AA

IL-2–
330 TT

Clinical outcome

Control1 ASC2 p Value OR (95% CI)2vs1 CHB/C3 p Value OR (95% CI)3vs1

− − 38 45 − 1.00 25 − 1.00

+ − 13 23 >0.05 1.49 (0.67 to3.34) 20 =0.05 2.34 (1.00 to 5.54)

− + 21 30 >0.05 1.21 (0.60 to 2.44) 21 >0.05 1.52 (0.69 to 3.34)

+ + 2 24 <0.01 10.13 (2.25 to 45.68) 15 <0.01 11.40 (2.40 to 54.22)

1Control; 2ASC; 3CHB/C.ASC, asymptomatic HBV and/or HCV carriers; HBV, hepatitis B virus; HCV, hepatitis C virus.

Table 6 Effect of the interaction of IFN-γ+874 AA and IL-10-1082 AA on the clinical outcome of the subjects infected with 
HBV/HCV (n)

IFN-γ+874 
AA

IL-10-1082 
AA

Clinical outcome

Control1 ASC2 p Value OR (95% CI)2vs1 CHB/C3 p Value OR (95% CI)3vs1

− − 49 45 − 1.00 23 − 1.00

+ − 9 33 <0.01 3.99 (1.72 to 9.26) 21 <0.01 4.97 (1.97 to 12.53)

− + 11 29 <0.01 2.87 (1.29 to 6.41) 23 <0.01 4.46 (1.86 to 10.66)

+ + 5 15 <0.05 3.27 (1.10 to 9.72) 14 <0.01 5.97 (1.92 to 18.56)

1Control; 2ASC; 3CHB/C.ASC, asymptomatic HBV and/or HCV carriers; HBV, hepatitis B virus; HCV, hepatitis C virus.

1.27; API=4.79%, 20.08%; RERI (95% CI)=0.46 (0.34 to 
0.62), 3.46 (2.45 to 5.58), for ASC and CH respectively).

dISCuSSIOn
The associations of the SNPs: rs2069762/−330 G/T of IL-2, 
rs2430561/+874 A>T of IFN-γ, rs1800896/-1082 G>A and 
rs1800872/-592 C>A of IL-10 and rs2243250/-589 C>T 
of IL-4 with the clinical outcome of HBV and/or HCV 
infections were reported in our previous study.16 Ramos 
et al17 18 have reported similar findings. In our study, the 
gene–gene interactions of these SNPs, mediating the clin-
ical outcome of the subjects infected with HBV and/or 
HCV were evaluated.

IL-10 is an important anti-inflammatory cytokine, while 
IL-4 performs the function of modulating inflammatory 
responses by downregulating the production of proin-
flammatory mediators and preventing the liver from 
inflammatory injury.19 20 In a recent study, Saxena et al21 
reported the significance of IL-4 in the progression of 
the HBV disease to development of cirrhosis. Addition-
ally, they identified the IL-4(-590) CT genotype as a vital 
protective factor for the development of hepatitis, among 
carriers. In this study, we observed that IL-10-592 AC and 
IL-4589 CC/CT interactively increased the risk of, and 
had a significant synergistic effect on, the liver inflam-
matory injury of the patients infected with HBV and/or 
HCV; OR (95% CI)=5.47 (1.93 to 15.49), S=7.1. The inter-
action of IL-10-592 AC and IL-4-589 CC/CT presented a 
risk as 67.64% for the manifestation of liver inflammatory 
injury. However, the excess risk from this interaction, as 
assessed by the RERI score, was found to be 3.70 times 
higher than that of other factors. This result suggested 

that it might be worth exploring IL-10 and IL-4 to cure 
the liver inflammatory injury in patients with hepatitis 
with different genotypes of IL-10-592 AC and IL-4-589 
CC/CT.

IL-2 has a powerful immunoregulatory effect on the 
stimulation of proliferation and activation of T lympho-
cytes, natural killer cells and B lymphocytes.22 IFN-γ plays 
an important role in modulating almost all the immune 
responses, including T cell differentiation, anti-prolifera-
tion, anti-tumour and antiviral activities.23 24 It shows that 
IFN-γ+874 AA genotype and IL-2-330 TT genotype interac-
tively led to the progression of the HBV/HCV infections 
to ASC [OR (95% CI)=10.13 (2.25 to 45.68)] and CH [OR 
(95% CI)=11.40 (2.40 to 54.22)]. The risks of the subjects 
with these genotypes for developing ASC and CH were 
greater than the IFN-γ+874 AA genotype (6.80 and 4.87 
times, respectively) and the IL-2-330 TT genotype (8.37 
and 7.50 times, respectively). IFN-γ+874 AA genotype and 
IL-2-330 TT genotype showed significant synergy towards 
the clinical manifestation of ASC and CH (S=13.04, 5.59). 
Furthermore, Bei et al25 reported that the interaction 
between IL-2-330 and IFN-γ-1615 was associated with an 
increased risk of hepatocellular carcinoma (OR=1.078, 
95% CI=1.022 to 1.136). In our study, the excess risk 
presented by the interaction between IFN-γ+874 AA and 
IL-2-330 TT for the clinical outcome suggested that 
it was worth investigating IFN-γ and IL-2 to provide a 
cure for patients with hepatitis with different genotypes 
of IFN-γ+874 AA and IL-2-330 TT. In a study by Wang et 
al,26 the concentrations of IL-2 and IFN-γ were found to 
be significantly elevated in the patients with CHB. IFN-γ 
levels increased significantly in the patients with CHC.
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Table 7 Effect of the interaction of IL-2-330 TT and IL-10-1082 AA on the clinical outcome of the subjects with HBV/HCV (n)

IL-2-330 
TT

IL-10-
1082AA

Clinical outcome

Control1 ASC2 p Value OR (95% CI)2vs1 CHB/C3 p Value OR (95% CI)3vs1

− − 41 47 − 1.00 26 − 1.00

+ − 17 31 >0.05 1.59 (0.77 to 3.28) 18 >0.05 1.67 (0.73 to 3.81)

− + 10 21 >0.05 1.83 (0.77 to 4.34) 19 <0.05 3.00 (1.21 to 7.44)

+ + 6 23 <0.05 3.34 (1.24 to 9.01) 18 <0.01 4.73 (1.66 to 13.47)

1Control; 2ASC; 3CHB/C.ASC, asymptomatic HBV and/or HCV carriers; HBV, hepatitis B virus; HCV, hepatitis C virus.

Table 8 Effect of the interaction of IFN-γ+874 AA, IL-2-330 TT and IL-10-1082 AA genotypes on the clinical outcome of the 
subjects with HBV/HCV (n)

IFN-γ +874 
AA

IL-2-330 
TT

IL-10-1082 
AA

Clinical outcome

Control1 ASC2 p Value OR (95% CI)2vs1 CHB/C3  p Value OR (95% CI)3vs1

− − − 32 30 − 1 13 − 1

− − + 6 15 >0.05 2.67 (0.92 to 7.77) 12 <0.01 4.92 (1.52 to 15.91)

+ − − 9 17 >0.05 2.02 (0.78 to 5.21) 13 <0.05 3.56 (1.22 to 10.33)

− + − 15 17 >0.05 1.21 (0.51 to 2.84) 10 >0.05 1.64 (0.59 to 4.59)

+ + − 2 14 <0.01 7.47 (1.56 to 35.64) 8 <0.01 9.85 (1.84 to 52.74)

− + + 5 14 =0.05 2.99 (0.96 to 9.30) 11 <0.01 5.42 (1.57 to 18.68)

+ − + 4 6 >0.05 1.60 (0.41 to 6.23) 7 <0.05 4.31 (1.08 to 17.25)

+ + + 1 9 <0.05 9.60 (1.15 to 80.39) 7 <0.01 17.23 (1.92 to 
154.30)

1Control; 2ASC; 3CHB/C.ASC, asymptomatic HBV and/or HCV carriers; HBV, hepatitis B virus; HCV, hepatitis C virus.

In a study on the correlation between IL-10 and outcome 
of the HBV or HCV infections, Sofian et al27 reported a 
greater prevalence of IL-10-1082 GG in the group with 
persistent HBV. Similarly, da Silva et al28 detected higher 
frequencies of IL-10-1082 GG/G in patients infected 
with HCV and Akcam et al29 revealed that the frequency 
of IL-10 was significantly higher in the hepatitis B and 
C groups than in controls. In our study, IFN-γ+874 AA 
genotype and IL-10-1082 AA genotype interactively led 
to the progression of patients with HBV and/or HCV 
infections to asymptomatic HBV and/or HCV carriers 
and CH [OR (95% CI)=3.27 (1.10 to 9.72), 5.97 (1.92 
to 18.56)]. Nevertheless, the SNPs of IFN-γ+874 AA and 
IL-10-1082 AA had a significant antagonistic effect on the 
clinical outcome of subjects (S=0.47, 0.67). The interac-
tion of the IFN-γ+874 AA genotype and IL-10-1082 AA 
genotype offered excess protection, as indicated by the 
RERI scores (−2.59 and −2.46, respectively). Our data 
provided the evidence that IL-10 and IFN-γ are associ-
ated with the clinical outcome of the subjects infected 
with HBV and/or HCV,30 31 and offered a molecular basis 
for the antagonism between the Th1 and Th2 cytokines. 
Simultaneously, these findings indicated that IL-10 and 
IFN-γ could be combined and studied for the treatment 
of patients with different genotypes of IL-10-1082 AA and 
IFN-γ+874 AA.

The interaction of IL-2-330 TT genotype with the 
IL-10-1082 AA genotype had a significant impact on the 

clinical outcome (p=0.045). The SNPs of the IL-2-330 TT 
genotype and IL-10-1082 AA genotype acted synergis-
tically to increase the risk of the subjects infected with 
HBV and HCV [S=1.65 (ASC) and 1.40 (CH), RERI=0.92 
(0.88~0.96) for ASC and 1.06 (1.03~1.09) for CH, 
API=27.54% (ASC) and 22.41% (CH)]. The interaction 
between IL-2-330 TT and IL-10-1082 AA was, however, 
weaker than that of IFN-γ+874 AA and IL-10-1082 AA 
genotypes.

The genotypes, IFN-γ+874 AA, IL-2-330 TT and IL-10-
1082 AA showed significant associations with the clinical 
outcome of HBV and HCV infections, such as asymp-
tomatic HBV and HCV carriers (OR (95% CI)=9.60 
(1.15 to 80.39)), CH (OR (95% CI)=17.23 (1.92 to 
154.30); p=0.027). Although no interactions led to the 
development of asymptomatic HBV and HCV carriers, 
interactions towards the manifestation of chronic hepa-
titis were observed; S=1.06, 1.27; API=4.79%, 20.08%; 
RERI (95% CI)=0.46 (0.34 to 0.62), 3.46 (2.45 to 5.58), 
respectively. However, these findings need further confir-
mation using a larger sample. Nevertheless, this result 
reaffirmed that Th1 cytokines and Th2 cytokines regulate 
each other.32 At the same time, it indicated that IL-10, 
IFN-γ and IL-2 could be combined to find a remedy for 
patients with the genotypes IFN-γ+874 AA, IL-2-330 TT 
and IL-10-1082 AA.

In summary, the natural outcome of HBV and/or HCV 
infections was not completely dependent on one factor 
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alone but depended on interactions among multiple 
factors. In this study, we found that IL-10-592 AC and 
IL-4-589 CC/CT had a synergistic effect on the liver inflam-
matory injury in the subjects. IFN-γ+874 AA and IL-2-330 
TT synergistically affected the risk of clinical progression 
of HBV and/or HCV infections. In contrast, IFN-γ+874 AA 
and IL-10-1082 AA had noticeable antagonistic effects 
on the clinical outcome. IL-2-330 TT and IL-10-1082 AA 
displayed a weaker impact on the clinical outcome. The 
interactions among IFN-γ+874 AA, IL-2-330 TT and IL-10-
1082 AA showed no influence on asymptomatic HBV and 
HCV carriers, but they had a weak synergistic effect on 
chronic hepatitis. These results suggest that different 
countermeasures for treatment should be investigated in 
patients with hepatitis with the genotypes IFN-γ+874 AA, 
IL-2-330 TT, IL-10-1082 AA, IL-10-592 AC and IL-4-589 
CC/CT.

In this study, the size of the subgroups of individuals 
with HBV and/or HCV infections varied, which might 
have led to biases. More ideally, the samples should have 
been assessed by stratifying individuals into subgroups 
with individuals infected only by HCV and only by HBV. 
In addition, the correlation between interactions among 
the SNPs and the level of cytokines needs further investi-
gation.

Contributors Q-JG designed the research, performed most of the experiments and 
drafted the manuscript; J-xX analysed the data and edited the paper; L-MW took 
part in the investigation and edited the paper; QZ performed the experiments; S-YZ 
designed the research and analysed the data. 

Competing interests None.

Patient consent Obtained.

ethics approval Ethics committee of Center for Disease Prevention and Control of 
Shijiazhuang City.

Provenance and peer review Not commissioned; externally peer reviewed.

data sharing statement No additional unpublished data are available.

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

ReFeRenCeS
 1. Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 

2009;373:582–92.
 2. Lee MH, Yang HI, Yuan Y, et al. Epidemiology and natural history of 

hepatitis C virus infection. World J Gastroenterol 2014;20:9270–80.
 3. Rehermann B. Hepatitis C virus versus innate and adaptive immune 

responses: a tale of coevolution and coexistence. J Clin Invest 
2009;119:1745–54.

 4. Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained 
virological responders with histologically advanced chronic hepatitis 
C. Hepatology 2010;52:833–44.

 5. Guidotti LG, Chisari FV. Immunobiology and pathogenesis of viral 
hepatitis. Annu Rev Pathol 2006;1:23–61.

 6. Heim MH, Thimme R. Innate and adaptive immune responses in HCV 
infections. J Hepatol 2014;61:S14–25.

 7. Guidotti LG, Chisari FV. Immunobiology and pathogenesis of viral 
hepatitis. Annu Rev Pathol 2006;1:23–61.

 8. Khan S, Bhargava A, Pathak N, et al. Circulating biomarkers and 
their possible role in pathogenesis of chronic hepatitis B and C viral 
infections. Indian J Clin Biochem 2011;26:161–8.

 9. Gramenzi A, Andreone P, Loggi E, et al. Cytokine profile of peripheral 
blood mononuclear cells from patients with different outcomes of 
hepatitis C virus infection. J Viral Hepat 2005;12:525–30.

 10. Bozkaya H, Bozdayi M, Türkyilmaz R, et al. Circulating IL-2, IL-10 
and TNF-alpha in chronic hepatitis B: their relations to HBeAg 
status and the activity of liver disease. Hepatogastroenterology 
2000;47:1675–9.

 11. Al-Qahtani A, Al-Anazi M, Abdo AA, et al. Correlation between 
genetic variations and serum level of interleukin 28B with virus 
genotypes and disease progression in chronic hepatitis C virus 
infection. J Immunol Res 2015;2015:e768470.

 12. Zhang L, Miao L, Han F, et al. [Cytokine levels in serum of patients 
with chronic hepatitis C and its significance]. Xi Bao Yu Fen Zi Mian 
Yi Xue Za Zhi 2011;27:301–3.

 13. Gao QJ, Liu DW, Zhang SY, et al. Polymorphisms of some cytokines 
and chronic hepatitis B and C virus infection. World J Gastroenterol 
2009;15:5610–9.

 14. Hahn LW, Ritchie MD, Moore JH. Multifactor dimensionality reduction 
software for detecting gene-gene and gene-environment interactions. 
Bioinformatics 2003;19:376–82.

 15. Hsu HY, Tsai HY, Wu TC, et al. Interferon-alpha treatment in children 
and young adults with chronic hepatitis B: a long-term follow-up 
study in Taiwan. Liver Int 2008;28:1288–97.

 16. Rothman KJ. Epidemiology: an introduction. Oxford, United 
Kingdom: Oxford University Press, 2002.

 17. Ramos JA, Silva R, Hoffmann L, et al. Association of IL-10, IL-4, 
and IL-28B gene polymorphisms with spontaneous clearance of 
hepatitis C virus in a population from Rio de Janeiro. BMC Res Notes 
2012;5:508.

 18. Swiątek BJ. Is interleukin-10 gene polymorphism a predictive marker 
in HCV infection? Cytokine Growth Factor Rev 2012;23:47–59.

 19. Kato A, Yoshidome H, Edwards MJ, et al. Reduced hepatic ischemia/
reperfusion injury by IL-4: potential anti-inflammatory role of STAT6. 
Inflamm Res 2000;49:275–9.

 20. Das A, Ellis G, Pallant C, et al. IL-10-producing regulatory B cells in 
the pathogenesis of chronic hepatitis B virus infection. J Immunol 
2012;189:3925–35.

 21. Saxena R, Chawla YK, Verma I, et al. Effect of IL-12B, IL-2, TGF-β1, 
and IL-4 polymorphism and expression on hepatitis B progression. J 
Interferon Cytokine Res 2014;34:117–28.

 22. Zelante T, Fric J, Wong AY, et al. Interleukin-2 production by 
dendritic cells and its immuno-regulatory functions. Front Immunol 
2012;3:161.

 23. Stoycheva D, Deiser K, Stärck L, et al. IFN-γ regulates CD8+ memory 
T cell differentiation and survival in response to weak, but not strong, 
TCR signals. J Immunol 2015;194:553–9.

 24. Lin FC, Young HA. Interferons: success in anti-viral immunotherapy. 
Cytokine Growth Factor Rev 2014;25:369–76.

 25. Bei CH, Bai H, Yu HP, et al. Combined effects of six cytokine gene 
polymorphisms and SNP-SNP interactions on hepatocellular 
carcinoma risk in Southern Guangxi, China. Asian Pac J Cancer Prev 
2014;15:6961–7.

 26. Wang L, Qiu J, Yu L, et al. Increased numbers of 
CD5+CD19+CD1dhighIL-10+bregs, CD4+Foxp3+tregs, 
CD4+CXCR5+Foxp3+ follicular regulatory T (TFR) cells in CHB or CHC 
patients. J Transl Med 2014;12:251.

 27. Sofian M, Kalantar E, Aghakhani A, et al. No correlation between 
interleukin-10 gene promoter polymorphisms and hepatitis B virus 
infection outcome. Hepat Mon 2013;13:e8803.

 28. da Silva NM, Germano FN, Vidales-Braz BM, et al. Polymorphisms of 
IL-10 gene in patients infected with HCV under antiviral treatment in 
southern Brazil. Cytokine 2015;73:253–7.

 29. Akcam FZ, Tigli A, Kaya O, et al. Cytokine levels and histopathology 
in chronic hepatitis B and chronic hepatitis C. J Interferon Cytokine 
Res 2012;32:570–4.

 30. Barrett S, Collins M, Kenny C, et al. Polymorphisms in tumour 
necrosis factor-alpha, transforming growth factor-beta, 
interleukin-10, interleukin-6, interferon-gamma, and outcome of 
hepatitis C virus infection. J Med Virol 2003;71:212–8.

 31. Paul S, Tabassum S, Islam MN. Interferon-gamma (IFN-gamma) 
response to different hepatitis B virus antigens in hepatitis B virus 
infection. Bangladesh Med Res Counc Bull 2004;30:71–7.

 32. Fishman MA, Perelson AS. Th1/Th2 differentiation and cross-
regulation. Bull Math Biol 1999;61:403–36.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S0140-6736(09)60207-5
http://dx.doi.org/10.3748/wjg.v20.i28.9270
http://dx.doi.org/10.1172/JCI39133
http://dx.doi.org/10.1002/hep.23744
http://dx.doi.org/10.1146/annurev.pathol.1.110304.100230
http://dx.doi.org/10.1016/j.jhep.2014.06.035
http://dx.doi.org/10.1146/annurev.pathol.1.110304.100230
http://dx.doi.org/10.1007/s12291-010-0098-7
http://dx.doi.org/10.1111/j.1365-2893.2005.00634.x
http://dx.doi.org/10.1155/2015/768470
http://dx.doi.org/10.3748/wjg.15.5610
http://dx.doi.org/10.1093/bioinformatics/btf869
http://dx.doi.org/10.1111/j.1478-3231.2008.01746.x
http://dx.doi.org/10.1186/1756-0500-5-508
http://dx.doi.org/10.1016/j.cytogfr.2012.01.005
http://dx.doi.org/10.1007/PL00000207
http://dx.doi.org/10.4049/jimmunol.1103139
http://dx.doi.org/10.1089/jir.2013.0043
http://dx.doi.org/10.1089/jir.2013.0043
http://dx.doi.org/10.3389/fimmu.2012.00161
http://dx.doi.org/10.4049/jimmunol.1402058
http://dx.doi.org/10.1016/j.cytogfr.2014.07.015
http://dx.doi.org/10.7314/APJCP.2014.15.16.6961
http://dx.doi.org/10.1186/s12967-014-0251-9
http://dx.doi.org/10.5812/hepatmon.8803
http://dx.doi.org/10.1016/j.cyto.2014.12.022
http://dx.doi.org/10.1089/jir.2012.0048
http://dx.doi.org/10.1089/jir.2012.0048
http://dx.doi.org/10.1002/jmv.10472
http://dx.doi.org/10.1006/bulm.1998.0074

