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Abstract

AIM

To determine the relationship between five A3G gene
single nucleotide polymorphisms and the incidence of
hepatitis B virus (HBV) infection and hepatocellular
carcinoma (HCC).

METHODS

This association study was designed as a retrospective
study, including 657 patients with chronic HBV infection
(CHB) and 299 healthy controls. All subjects were
ethnic Han Chinese. Chronic HBV-infected patients
recruited between 2012 and 2015 at The First Hospital
of Jilin University (Changchun) were further classified
into HBV-related HCC patients (7 = 287) and non-HCC
patients (7 = 370). Frequency matching by age and sex
was performed for each group. Human genomic DNA
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was extracted from whole blood. Gene polymorphisms
were identified using a mass spectroscopic method.

RESULTS

There were no significant differences between the
genotype and allele frequencies of the rs7291971,
rs5757465 and rs5757463 A3G gene polymorphisms,
and risk of CHB and HBV-related HCC. The AG
genotype and G allele for rs8177832 were significantly
related to a decreased risk of CHB (OR = 0.67, 95%CI:
0.47-0.96; OR = 0.69, 95%CI: 0.50-0.95, respectively)
and HCC (OR = 0.53, 95%CI: 0.34-0.84; OR =
0.58, 95%CI: 0.39-0.87, respectively). A significant
relationship was found between rs2011861 computed
tomography, TT genotypes and increased risk of HCC
(OR = 1.69, 95%CI: 1.02-2.80; OR = 1.82, 95%CI:
1.08-3.06, respectively). Haplotype analyses showed
three protective and four risk haplotypes for HCC. Also,
one protective haplotype was found against CHB.

CONCLUSION

This study indicates that the A3G rs8177832 poly-
morphism is associated with a decreased risk of CHB
infection and HCC, while the rs2011861 polymorphism
is associated with an increased risk of HCC.

Key words: Hepatitis B viral; Hepatocellular carcinoma;
APOBEC3s; Polymorphism; Progression

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A3G is a dominant cytidine deaminase that
strongly inhibits synthesis and editing of hepatitis B
virus (HBV) DNA. We studied the relationship between
five A3G gene single nucleotide polymorphisms and the
incidence of chronic HBV infection (CHB) and hepato-
cellular carcinoma (HCC), including 657 CHB patients
(287 HCC and 370 non-HCC) and 299 healthy controls.
The AG genotype and G allele for rs8177832 were
potentially protective factors against CHB and HCC.
Computed tomography and TT genotypes of rs2011861
were risk factors for HCC. Haplotype analyses showed
three protective and four risk haplotypes for HCC. Also,
one protective haplotype was found against CHB.

He XT, Xu HQ, Wang XM, He XS, Niu JQ, Gao PJ. Association
between polymorphisms of the APOBEC3G gene and
chronic hepatitis B viral infection and hepatitis B virus-
related hepatocellular carcinoma. World J Gastroenterol 2017,
23(2): 232-241 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Hepatitis B virus (HBV) infection is one of the most
common infectious diseases of global public health

Baishidenge ~ WJG | www.wjgnet.com

concern. There are more than 240 million chronic
HBV carriers today, and about 620000 die per year
from end-stage liver cirrhosis (LC) or hepatocellular
carcinoma (HCC)™. Although HBV infection is a high-
risk factor for liver disease, the clinical outcomes after
exposure to HBV are highly variable. Genetic and
environmental factors both critically modulate the
susceptibility and progression of liver disease®™. A
number of epidemiologic studies have demonstrated
that high alcohol consumption and cigarette smoking
are associated with increased HCC risk™®.

APOBEC3s (A3s) are components of innate immu-
nity that play an important role in defending against
invading viruses, including HBV and human immuno-
deficiency virus (HIV). In humans, A3s are comprised
of seven proteins: APOBEC-3A, -3B, -3C, -3DE,
-3F, -3G and -3H"), A3s have one or two catalytic
domains that have cytidine deaminase activity, which
convert cytosine to uracil in DNA®. The presence of
the enzyme in cells producing DNA viruses results in
C to T transitions in negative stranded DNA and G to
A transitions in positive stranded DNA during DNA
replication without repair pathways™®. A3s, especially
A3G, can inhibit HBV through hypermutation-dependent
and -independent mechanisms">'". A3G is one of the
most active deaminases, with a strong inhibitory effect
on replication and editing of HBV DNA in vivo!***®, A3G
is expressed widely in human tissues, and its mRNA
levels broadly correlate with lymphoid cell content™”’,
Levels of A3G were found to be the highest among A3s
in human liver tissue™®.

Several studies identified genetic variants that are
associated with risk of HIV infection and progression to
acquired immune deficiency syndrome™®*®, Since A3G
is an important host factor that may inhibit HBV, we
screened the A3G gene for both regulatory and coding
region variants that could modify A3G transcription or
amino acid sequence. The goal of this study was to
evaluate the association of five A3G single nucleotide
polymorphisms (SNPs) with the development of chronic
HBV and HBV-related HCC in a Chinese Han population.

MATERIALS AND METHODS

Study subjects

This association study was designed as a retrospective
study, including 657 patients with chronic HBV infection
(CHB) and 299 healthy controls. All subjects were
ethnic Han Chinese. CHB patients recruited between
2012 and 2015 at The First Hospital of Jilin University
(Changchun) were further classified into non-HCC (n
= 370) and HBV-related HCC (n = 287) patients. Fre-
quency matching by age and sex was performed for
each group. CHB patients were defined by persistent
or intermittent elevations in alanine transaminase level
(= 2 times the upper limit of normal) and elevated
HBV DNA levels for at least 6 mo. HBV-related HCC was
diagnosed based on (1) positive results on computed
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Figure 1 Location of the A3G gene and five selected single nucleotide polymorphisms.

tomography (CT), magnetic resonance imaging or
ultrasonography; and (2) combined positive findings
upon cytological or pathological examination. The
non-HCC patients included CHB and LC patients,
characterized by active necro-inflammatory liver disease
without/with fibrosis on imaging examination without
evidence of HCC, according to the guidelines for the
prevention and treatment of CHB (2010 version), and
the diagnostic criteria (10" National Conference on Viral
Hepatitis and Hepatopathy 2000, China). All samples
were HBV-positive, but hepatitis C virus (HCV)-, HIV-
negative, according to serology tests and infection
history. Exclusion criteria included the presence of
autoimmune and other liver diseases, alcoholic liver
disease, hemorrhagic liver disease, and intra- and
extra-hepatic bile duct stones. The criteria for healthy
participants included no previous diagnosis of cancer
or liver-associated illness. Healthy individuals were
recruited from The First Hospital of Jilin University during
the same period. All patients were further confirmed
as being negative for hepatitis B surface antigen,
hepatitis B e antigen (HBeAg), hepatitis B e antibody
(HBeADb), hepatitis B virus core antibody, and hepatitis C
antibody, as measured by chemiluminescence methods
(Roche E411, Basil, Switzerland). We also collected
demographic data of each subject, such as smoking
and drinking status. Individuals who smoked daily for at
least 1 year were defined as smokers, and those who
consumed alcoholic drinks more than once per wk for
over 6 mo were considered drinkers. Written informed
consent was obtained from all patients, and this study
was approved by The First Hospital Ethical Committee
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of Jilin University.

Selection of SNPs

GeneView of NCBI and 1000 Genomes databases were
used to select the SNPs in the functional region of
A3G (minor allele frequency > 10% in CHB data), and
the function was forecasted in the following website:
http://snpinfo.niehs.nih.gov/.Rs7291971, located in the
transcription factor binding site of the promoter region,
was selected because it may play a role in genetic
transcription. Previously reported SNPs (rs5757463,
rs5757465, rs8177832) were chosen because they may
change the expression and anti-virus function of A3G.
Haploview software (http://www.broad.mit.edu/mpg/
haploview) was used to perform linkage disequilibrium,
and haplotype analysis of the SNPs, rs5757465 and
rs2011861, was used to choose tag-SNPs for the
subsequent studies. The location of the A3G gene and
five selected SNPs are shown in Figure 1.

Genotype analysis

Human genomic DNA was extracted from whole blood.
Genotyping of the rs7291971, rs5757465, rs5757463,
rs8177832, and rs2011861 SNPs was performed using
a mass spectroscopic method (SEQUENOM, BioMiao
Biological Technology). Primers and the reaction con-
ditions used for PCR are listed in Table 1.

Statistical analysis

The Hardy-Weinberg equilibrium (H-WE) test was
used to assess independent segregation of alleles.
The rank-sum test or »* text was used to evaluate the
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Table 1 Primer sequences and reaction conditions for genotyping APOBEC3G polymorphisms

SNP Sequences of the primers Annealing temperature, C
Rs7291971 F: 5-ACGTTGGATGGATCATCTGAGGTCAGTGTC-3’ 59.6
R: 5-ACGTTGGATGCCATCTGGATGTATATGTGC-3'
Rs5757465 F: 5-ACGTTGGATGTGTACAAGGGATATGGCCAC-3’ 54.6
R: 5-ACGTTGGATGAATCTGGGTCCCAGAAGTAG-3’
Rs5757463 F: 5-ACGTTGGATGTAATTTGTAGGTCACCACGC-3’ 50.9
R: 5-ACGTTGGATGAGCCTGTCTGGAGCCTCCCT-3’
Rs8177832 F: 5-ACGTTGGATGGAGCCTTGGAATAATCTGCC-3" 51.5
R: 5-ACGTTGGATGGAGACCCTCACCTGAGAATC-3"
Rs2011861 F: 5-ACGTTGGATGTCTTTTCCCGCAGGATGAAG-3’ 55.7

R: 5-ACGTTGGATGATTTGAGGATCAGGGCCTAC-3

Table 2 Baseline characteristics of study subjects, 7 (%)

Group Healthy controls, Chronic HBV infection patients P value®
n =299 Non-HCC HBV-related HCC
n =370 P value' n = 287 P value®
Male 247 (82.6) 295 (79.7) 0.345 246 (85.7) 0.304 0.921
Age, M (P25, P75) 50 (45, 55) 49 (42, 55) 0.078 50 (46, 56) 0.589 0.408
Smoking 0.392 0.003 0.292
Ever 113 (37.8) 128 (34.6) 144 (50.2)
Never 186 (62.2) 242 (65.4) 143 (49.8)
Drinking 0.036 0.804 0.241
Ever 122 (40.8) 122 (33.0) 120 (41.8)
Never 177 (59.2) 248 (67.0) 167 (58.2)

P values represent the non-HCC', HCC? and chronic HBV® patients compared to the healthy controls. HBV: Hepatitis B virus; HCC: Hepatocellular

carcinoma.

differences in demographic and clinical data among
the groups. Distributions of the allele and genotype
frequencies were calculated by the »° test or Fisher’s
exact test. Unphased3.1.4 software was used for haplo-
type analysis of polymorphisms. Logistic regression
analysis was used to calculate the P value, ORs and
95%(Cls after adjusting for age, sex and environmental
factors. All two-sided P < 0.05 values were considered
statistically significant. All data were analyzed by
SPSS17.0 statistical software (SPSS, Chicago, IL,
United States).

RESULTS

Detailed patient demographics for all groups, including
sex, age, smoking, and alcohol intake, are listed in
Table 2. Detailed clinical and virological characteristics of
the HBV infection patients are shown in Supplementary
Table 1. The genotype frequencies of each of the A3G
gene polymorphisms were categorized into groups, as
shown in Table 3. There were no differences in A3G
polymorphisms between non-HCC and HCC in the HBV-
infected patients (data not shown).

The statistical analyses showed no significant
differences among the three groups in terms of sex
and age. However, there was a significant difference in
smoking between HCC and healthy control patients (P
= 0.003) and in alcohol consumption between non-HCC
and healthy control patients (P = 0.036). Furthermore,
all five SNPs (rs7291971, rs5757463, rs5757465,
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rs8177832, and rs2011861) among the healthy controls
were in equilibrium, as determined by the H-WE test
(P=0.34,P=0.53,P=0.84, P=0.99, and P = 0.20,
respectively).

Healthy controls vs CHB patients

The genotype and allele frequencies of A3G gene
polymorphisms among the CHB patients and the
healthy controls are shown in Table 3. No significant
associations were observed between the genotype
and allele frequencies of the A3G gene rs7291971,
rs5757463, rs5757465, and rs2011861 polymorphisms
and the presence of CHB. We found a significant re-
lationship between the G allele and decreased risk
of CHB with an OR of 0.69 (95%CI: 0.50-0.95) for
rs8177832. Compared to the AA genotype, the AG
genotype was significantly related to a decreased risk
of CHB after adjusting for age, sex, tobacco use, and
alcohol intake using binary logistic regression analyses
(OR = 0.67, 95%CI: 0.47-0.96). The adjusted OR for
the AG and GG genotypes combined was 0.66 (95%CI:
0.47-0.94).

Healthy controls vs non-HCC patients

The genotype and allele frequencies of A3G gene
polymorphisms among the non-HCC patients and the
healthy controls are shown in Table 3. No significant
differences were found in the frequencies of all alleles
and genotypes (rs7291971, rs5757463, rs5757465,
rs8177832, rs2011861) between the non-HCC patients
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Table 3 Genotype and allele frequencies of single nucleotide polymorphisms in the APOBEC3G gene in each group

SNP Healthy Chronic HBV infection patients Hepatitis B patients (7 = 657)
controls Non-HCC, n = 370 HBV-related HCC, n = 287 vs healthy controls (7 = 299)
n =299 (%) n (%) OR (95%CI) P value' n (%) OR (95%CI) Pvalue® OR (95%CI) P value®
Rs7291971 genotype and allele

Detected number n =290 n =366 n =282 n =648 vs

n =290
CcC 28 (9.7) 36 (9.8) 1 26 (9.2) 1 1
CG 113 (39.0) 139 (38.0)  0.92 (0.53-1.61) 0.778 114 (40.4)  1.14 (0.63-2.09) 0.667 1.00 (0.61-1.66) 0.987
GG 149 (51.4) 191 (52.2)  0.98 (0.57-1.68) 0.935 142 (50.4)  1.14 (0.63-2.06) 0.664 1.04 (0.64-1.69) 0.891
CG + GG 262 330 0.95 (0.57-1.61) 0.867 256 1.14 (0.65-2.02) 0.651 1.02 (0.64-1.64) 0.930
C allele 169 (29.1) 211 (28.8) 1 166 (29.4) 1 1
G allele 411 (70.9) 521 (71.2)  1.02 (0.80-1.29) 0.901 398 (29.1)  0.99 (0.76-1.27) 0.913 1.00 (0.80-1.24) 0.983
Rs5757463 genotype and allele
Detected number n =285 n =369 n =285 n =654 vs

n =285
CcC 241 (84.6) 308 (83.5) 1 227 (79.6) 1 1
CG 43 (15.1) 56 (15.2)  1.02 (0.66-1.57) 0.944 53 (18.6)  1.34 (0.86-2.10) 0.202 1.16 (0.79-1.71) 0.456
GG 1(0.4) 5(1.4) 1.93 (0.37-10.14)  0.439 5(1.8) 2.71(0.51-14.31)  0.239 2.25 (0.49-10.39) 0.298
CG + GG 44 61 1.06 (0.69-1.62) 0.799 58 1.40 (0.91-2.17) 0.130 1.21 (0.83-1.77) 0.327
C allele 525 (92.1) 672 (91.1) 1 507 (88.9) 1 1
G allele 45 (7.9) 66 (8.9) 1.15 (0.77-1.70) 0.500 63 (11.1)  1.45(0.97-2.17) 0.069 1.28 (0.90-1.82) 0.194
Rs5757465 genotype and allele
Detected number n =285 n =365 n =279 n =644 vs

n =285
TT 170 (59.6) 221 (60.5) 1 169 (60.6) 1 1
TC 101 (35.4) 129 (35.3)  1.02 (0.73-1.42) 0.898 92 (33.0)  0.93 (0.65-1.34) 0.707 0.98 (0.73-1.32) 0.903
CcC 14 (4.9) 15 (4.1) 0.82 (0.38-1.76) 0.610 18 (6.5) 1.43 (0.68-3.01) 0.349 1.05 (0.55-2.02 0.884
TC+CC 115 144 0.99 (0.72-1.37) 0.984 110 0.99 (0.70-1.39) 0.953 0.99 (0.74-1.32 0.945
T allele 441 (774) 571 (78.2) 1 430 (77.1) 1 1
C allele 129 (22.6) 159 (21.8)  0.95 (0.73-1.24) 0.714 128 (22.9)  1.02 (0.77-1.34) 0.902 0.98 (0.77-1.24) 0.868
Rs8177832 genotype and allele
Detected number n =291 n =369 n =287 n =656 vs

n=291
AA 227 (78.0) 302 (81.8) 1 249 (86.8) 1 1
AG 60 (20.6) 65 (17.6)  0.80 (0.54-1.18) 0.253 35(12.2)  0.53 (0.33-0.84) 0.007 0.67 (0.47-0.96) 0.029
GG 4(14) 2 (0.5) 0.40 (0.72-2.26) 0.302 3 (1.0) 0.75 (0.16-3.43) 0.711 0.55 (0.15-2.07) 0.374
AG + GG 64 67 0.78 (0.53-1.14) 0.195 38 0.54 (0.35-0.85) 0.007 0.66 (0.47-0.94) 0.021
A allele 514 (88.3) 669 (90.7) 1 533 (92.9) 1 1
G allele 68 (11.7) 69 (9.3) 0.78 (0.55-1.11) 0.167 41 (7.1) 0.58 (0.39-0.87) 0.008 0.69 (0.50-0.95) 0.023
Rs2011861 genotype and allele
Detected number n=284 n =364 n =279 n =643 vs

n =284
CcC 53 (18.7) 55 (15.1) 1 33 (11.8) 1 1
CT 127 (44.7) 170 (46.7)  1.25(0.80-1.95) 0.328 135 (48.4)  1.69 (1.02-2.80) 0.042 1.42 (0.95-2.13) 0.085
TT 104 (36.6) 139 (38.2)  1.27 (0.81-2.02) 0.301 111 (39.8)  1.82 (1.08-3.06) 0.024 1.48 (0.98-2.24) 0.063
CT+TT 231 309 1.26 (0.83-1.91) 0.277 246 1.75 (1.08-2.82) 0.022 1.45 (0.99-2.11) 0.053
C allele 233 (41.0) 280 (38.5) 1 201 (36.0) 1 1
T allele 335 (59.0) 448 (61.5)  1.11 (0.89-1.39) 0.350 357 (64.0)  1.24 (0.97-1.57) 0.085 1.16 (0.95-1.42) 0.140

P values represent the non-HCC', HCC?, and chronic HBV” infection patients compared to the healthy control groups adjusted for age, sex, smoking, and
drinking by logistic regression analysis. The two-sided ° test or Fisher’s exact test was used in alleles distribution comparison. HBV: Hepatitis B virus;
HCC: Hepatocellular carcinoma.

and healthy controls. (95%CI: 0.39-0.87). Compared to the AA genotype,
the AG genotype and AG plus GG genotype of rs8177832
Healthy controls vs HCC patients were significantly related to a decreased risk of HCC

The genotype and allele frequencies of A3G gene (adjusted OR = 0.53, 95%CI: 0.33-0.84; OR = 0.54,
polymorphisms among the HCC and the healthy 95%CI: 0.35-0.85, respectively). Meanwhile, compa-
controls are shown in Table 3. No significant effects red to the CC genotype, the CT and TT genotypes of
were observed between the genotype and allele rs2011861 were significantly related to an increased
frequencies of the A3G gene rs7291971, rs5757463, risk of HCC after adjusting for age, sex, smoking, and
and rs5757465 polymorphisms and the HCC risk after drinking (OR = 1.69, 95%CI: 1.02-2.80; OR = 1.82,
adjusting for sex, age, smoking, and drinking. We 95%CI: 1.08-3.06, respectively). The adjusted OR for
found a significant relationship between the G allele the CT and TT genotypes combined was 1.75 (95%CI:
of rs8177832 and the risk of HCC with an OR of 0.58 1.08-2.82).
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Figure 2 A linkage disequilibrium map among the five single nucleotide polymorphisms associated with A3G in each group. HBV: Hepatitis B virus; HCC:

Hepatocellular carcinoma.

Haplotype analysis

A linkage disequilibrium map among the five SNPs
associated with A3G in each group (healthy controls,
CHB patients, non-HCC patients, and HCC patients)
is shown in Figure 2. We analyzed the differences
in haplotype distributions between healthy controls
and CHB patients, healthy controls and non-HCC
patients, and healthy controls and HCC patients. In
the CHB patients and healthy controls, the haplotype
C-G allele of rs5757463-rs8177832 was associated
with a significantly decreased risk of CHB (OR = 0.71,
95%CI: 0.51-0.98) (Table 4). In healthy controls and
HCC patients, the haplotype G-G allele of rs7291971-
rs8177832 (OR = 0.61, 95%CI: 0.39-0.95), C-G
allele of rs5757463-rs8177832 (OR = 0.61, 95%CI:
0.40-0.91), T-G allele of rs5757465-rs8177832
(OR = 0.58, 95%CI: 0.38-0.88) were significantly
associated with a decreased risk of HCC. In contrast,
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the haplotypes comprised of the C-T, G-C alleles of
rs5757463-rs2011861 (OR = 1.41, 95%CI: 1.08-1.83;
OR = 1.80, 95%CI: 1.15-2.82, respectively), the C-G-A
allele of rs7291971-rs5757463-rs8177832 (OR = 1.64,
95%CI: 1.03-2.61), and the C-G-C allele of rs7291971-
rs5757463-rs2011861 (OR = 1.70, 95%CI: 1.05-2.76)
were associated with a significantly increased risk of
HCC (Table 5).

The HBV viral load and rate of HBeAg serocon-
version of patients with rs8177832 and rs2011861
polymorphisms in each group are shown in Supple-
mentary Tables 2 and 3. The viral load of rs8177832
GG genotype was lower than AA genotype in the non-
HCC group, but the number of cases was small, and
the viral loads did not result in statistically significant
differences between patients with the mutant gene
type and wild-type rs8177832 in the other groups
(HCC and CHB). The viral loads of rs2011861 of each
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Table 4 Haplotype distributions between healthy controls and chronic hepatitis B virus infection patients, 7 (%)

Haplotype Frequency e P value OR (95%CI)
Healthy controls Chronic HBV infection patients

155757463-rs8177832

C-A 455 (80.3) 1067 (81.7) 6.07 0.048 1

CG 66 (11.7) 110 (8.4) 0.71 (0.51-0.98)

G-A 45 (8.0) 129 (9.9) 1.22 (0.86-1.75)

HBV: Hepatitis B virus.

Table 5 Haplotype distributions between healthy controls and hepatocellular carcinoma patients, 7 (%)

Haplotype Frequency Ve P value OR (95%CI)
Healthy controls HCC

157291971-rs8177832

C-A 166 (29.0) 166 (29.4) 6.73 0.03 1

G-A 339 (59.3) 357 (63.3) 1.05 (0.81-1.37)

G-G 67 (11.7) 41 (7.3) 0.61 (0.39-0.95)

1s5757463-rs8177832

C-A 455 (80.4) 466 (81.8) 8.96 0.01 1

CcG 66 (11.7) 41(7.2) 0.61 (0.40-0.91)

G-A 45 (8.0) 63 (11.1) 1.37 (0.91-2.05)

155757465-1rs8177832

T-A 371 (66.0) 390 (69.9) 6.94 0.03 1

CA 125 (22.2) 128 (22.9) 0.97 (0.73-1.30)

TC 66 (11.7) 40 (7.2) 0.58 (0.38-0.88)

155757463-rs2011861

Cc-C 183 (33.2) 141 (25.4) 10.68 0.01 1

@iy 326 (59.1) 354 (63.7) 1.41 (1.08-1.83)

G-C 43 (7.8) 60 (10.8) 1.80 (1.15-2.82)

G 0 (0.0) 1(0.2) 1.00 (0.99-1.02)

157291971-rs5757463-rs8177832

C-C-A 118 (21.1) 101 (18.0) 10.59 0.01 1

C-G-A 45 (8.0) 63 (11.3) 1.64 (1.03-2.61)

G-C-A 332 (59.3) 355 (63.4) 1.25 (0.92-1.70)

G 65 (11.6) 41 (7.3) 0.74 (0.46-1.18)

157291971-rs5757463-rs2011861

c-C-C 112 (20.4) 91 (16.6) 11.62 0.04 1

C-C-T 5 (0.9) 6 (1.1) 1.63 (0.42-6.42)

C-G-C 43 (7.8) 59 (10.8) 1.70 (1.05-2.76)

ek} 0 (0.0) 2(0.4) 1.02 (0.99-1.05)

G-C-C 70 (12.8) 48(8.8) 0.85 (0.85-1.35)

G-C-T 319 (58.1) 342 (62.4) 1.33 (0.97-1.82)

HCC: Hepatocellular carcinoma.

genotype also did not result in statistically significant
differences among the groups. The AG genotype and
AG plus GG genotype of rs8177832 were shown to
have high HBeAg seroconversion rates in the non-HCC
group, and tended to have high HBeAg seroconversion
rates in the CHB group. There was no significant
difference between the ratio of HBeAg(+)HBeAb(-)/
HBeAg(-)HBeAb(+) in patients with rs2011861 poly-
morphisms.

DISCUSSION

Innate immune mechanisms are the first line of
defense against invading viruses'*!l, The A3 family
plays an important role in facilitating innate immunity
by restricting many viruses, including HBV?*??, With
the progression of chronic infection, HBV mutations
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gradually occur!., The mutation rate of HBV DNA
caused by A3s in patients with CHB has been shown to
be higher than that of acute HBV-infected patients®",
In CHB patients, the frequency of hypermutated
genomes was higher in HBeAg-negative individuals
compared to HBeAg-positive cases, and the degree
was significantly associated with the extent of
fibrosist**?*!, Also, A3s and their related editing patterns
have potential roles in oncogenesis. Recent analyses
showed that tumor samples contain hundreds of A3-
signature mutations in a wide variety of cancer types.
The mutations have implicated A3 cytidine deaminases
as significant factors in the mutagenesis of human
cancer genomes®*?, Overexpression of A3 could lead
to induction of DNA breaks and carcinogenic protein
mutants through activation of damage responses in a
deaminase-dependent manner, as shown in vitro™",
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Although the mutations can be highly deleterious in
most instances, slightly edited genomes might help
the virus evolve, escape from the immune responses
and induce drug resistance™?. Therefore, A3 genetic
variation may play an important role in the occurrence
of HBV infection and progression of liver disease.

We performed a large case-control study that
determined associations between SNPs in the A3G
gene and the presence of CHB and HBV-related HCC.
The AG genotype and G allele for rs8177832 were signi-
ficantly associated with a decreased risk of CHB and
HCC. Rs8177832 may enhance the effect of APOBEC3G
on HBV inhibition and promote seroconversion of
HBeAg. A significant correlation was found between
the rs2011861 CT, TT genotypes, and increased risk
of HCC. Haplotype analyses showed an association
between the G-G allele of rs7291971-rs8177832,
C-G allele of rs5757463-rs8177832 and T-G allele of
rs5757465-rs8177832, and decreased risk of HCC. The
three protective haplotypes against HCC development
suggested that the primary SNP may be rs8177832
because all three haplotypes share the rs8177832
G allele. However, the haplotypes C-T and G-C allele
of rs5757463-rs2011861 compared to the wild-type
allele C-C, C-G-A alleles of rs7291971- rs5757463-
rs8177832, and the C-G-C allele of rs7291971-rs5757463-
rs2011861 were associated with a significantly in-
creased risk of HCC. The four haplotypes associated
with HCC development suggested that the rs5757463
G allele and the rs2011861 T allele may have primary
effects on an increased risk of HCC. The mechanism
by which the differential effects of these genotypes
affect the susceptibility to HBV infection and HCC is not
clear and requires further study. Rs8177832 caused
the substitutions of A to G of exon 4, resulting in an
amino acid change from histidine to arginine at codon
186 (H186R). It is speculated that this mutation may
change the antiviral function of A3G. Rs2011861 may
be associated with other functional genes.

A previous study investigated the relationship
between rs8177832 and CHB in 179 HBV chronic
carriers and 216 healthy control subjects in a Moroccan
population™!, The results showed that the G genotype
tended to be associated with an increased risk of
developing CHB (P = 0.254). However, no significant
difference was found, perhaps due to the small
sample size. There was no evidence of an effect of the
rs8177832 mutation on gene expression and anti-HBV
ability in vitro. The current report is the first to describe
the relationship between rs8177832, rs2011861
polymorphisms, the risk of HBV infection, and the deve-
lopment of HCC.

There are limitations to the current study. The
explanation for our findings may have been influenced
by many factors involved in the disease. The outcome
of HBV infection is closely related to the age at which
infection occurred™. A maintained long-term response
to therapy or a sustained off-treatment response
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is necessary to prevent liver damage and hepatic
decompensation and delay the onset of the long-term
complications of CHB, such as HCCP. Recruitment
of individuals who have cleared an HBV infection, and
are also comparable in the duration of the infection,
could help clarify whether there is an association with
the predisposition to chronicity. Similarly, consistent
treatment can help determine the role of genes in
disease progression. However, that goal is difficult to
achieve in China. Therefore, further comprehensive
investigations on large sample populations of different
ethnic origin, and with different outcomes of infection,
but comparable durations of infection and therapeutic
schedule, will be required to confirm and extend our
findings. In vitro experiments should be performed to
ascertain the effects of SNPs on the changes of gene
functions.

In conclusion, the current study provides epide-
miological evidence that the A3G locus may mediate
host innate resistance to HBV infection and HCC in
vivo. The role of inhibiting synthesis and editing of
the HBV genome in such defense systems should
be further investigated. It is important to continue
research on the identification of novel therapeutic
targets to stimulate the development of new antiviral
agents and immunotherapies. It may be possible to
transfect the protective mutation gene into somatic
cells, such as liver cells, to express the gene product.
Alternatively, the gene product itself could be introduced
resulting in therapeutic properties such as anti-viral or
anti-HCC effects.

COMMENTS

Background

APOBEC3s have one or two catalytic domains that have cytidine deaminase
activity, which convert cytosine to uracil in DNA. APOBEC3G (A3G) is a
dominant cytidine deaminase that strongly inhibits synthesis and editing of
hepatitis B virus (HBV) DNA in vivo.

Research frontiers

Several studies identified genetic variants that are associated with risk of
human immunodeficiency virus infection and progression to acquired immune
deficiency syndrome. Since A3G is an important host factor that may inhibit
HBV, we screened the A3G gene for both regulatory and coding region variants
that could modify A3G transcription or amino acid sequence.

Innovations and breakthroughs

The current report is the first to describe the relationship between rs8177832
and rs2011861 polymorphisms, the risk of HBV infection, and the development
of hepatocellular carcinoma (HCC), suggesting its use as a potential therapeutic
target.

Applications
Potential use of rs8177832 as therapeutic target in patients with chronic HBV
infection (CHB) and HCC.

Terminology

The A3G rs8177832 polymorphism is associated with a decreased risk of CHB
and HCC, while the rs2011861 polymorphism is associated with an increased
risk of HCC. Rs8177832 may enhance the effect of APOBEC3G on HBV
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inhibition and promote seroconversion of hepatitis e antigen.

Peer-review

The manuscript by He et al enrolled chronic HBV-infection patients for studying
the association between polymorphisms of the A3G gene and CHB and
HBV-related HCC. Authors indicated that the A3G rs8177832 polymorphism
is associated with a decreased risk of CHB infection and HCC, while the
rs2011861 polymorphism is associated with an increased risk of HCC. The
paper is well organized and the results are very straightforward and clear.
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