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Abstract: Paraoxonase 1 (PON1), a liver-induced glycoprotein

enzyme responsible for antioxidant defense against reactive oxygen

species and anti-inflammatory, has been linked to various cancers. The

objective of this study was to explore the association of PON1 rs662 and

rs705382 with the risk of chronic hepatitis B (CHB), hepatitis B virus-

related liver cirrhosis (LC), and hepatocellular carcinoma (HCC) in

patients living in the Guangxi region of southern China.

The PON1 rs662 and rs705382 single-nucleotide polymorphisms

(SNPs) were genotyped by polymerase chain reaction–restriction frag-

ment length polymorphism (PCR-RFLP) in 99 CHB patients, 84 LC

patients, 258 HCC patients, and 221 healthy controls.

Significant associations with CHB risk were observed for the

rs705382 SNP after adjusting for sex, age, ethnicity, smoking, alcohol

consumption, and body mass index. When stratified by sex and age, this

positive association was significantly strengthened among men and

individuals over 40 years old. Moreover, a decreased risk of LC was

associated with the rs705382 CG and the combined GGþCG genotypes

among women, with borderline statistical significance. In haplotype

analyses, the haplotype GA was associated with a 1.68-fold increase in

the risk of HCC.

Our results showed that the PON1 rs705382 SNP might be a risk

factor for CHB in Guangxi populations.

(Medicine 94(48):e2179)

Abbreviations: BMI = body mass index, CHB = chronic hepatitis

B, CI = confidence interval, HBV = hepatitis B virus, HCC =

hepatocellular carcinoma, LC = liver cirrhosis, LDL = low-density
g Liu, MM, Yu Lu, i Yang, MM,
Rong, MM, Xue Qin, PhD, and Shan Li, PhD
INTRODUCTION

H epotocelluar carcinoma (HCC) is the fifth most commonly
diagnosed cancer (782,000 new cancer cases) worldwide

and the third most frequent cause of cancer-related death
(746,000 cancer deaths) in 2012.1 The great majority of
HCC cases, regardless of etiology, usually develop in the
context of liver cirrhosis (LC).2 According to previous studies,
an estimated 402,208 new liver cancer cases and 372,079 HCC-
related deaths have occurred in China since 2008.3 Likewise,
HCC cases greatly increased in the United States between 2007
and 2011.4 Thus, HCC remains a formidable challenge to
medicine despite the great efforts made in its prevention and
treatment.

As a multifactorial and complex process, the exact patho-
genesis of HCC is still unclear. Hepatitis B virus (HBV)
infection is globally the most important etiologic factor of
HCC, accounting for an estimated 80% of cases worldwide.2,5

Previous cohort studies have indicated that being a chronic
carrier of HBV was associated with a 7 to 98-fold higher risk for
HCC development.6 The risk increases with progressive fibro-
sis, and is also high in LC patients. In addition to HBV, chronic
infection with the hepatitis C virus (HCV), smoking, excessive
alcohol consumption, and heavy aflatoxin exposure have also
been proposed as risk factors for HCC.7–9 However, a large
proportion of HCC cases develop among individuals without
these known risk factors, suggesting that host genetic factors
may play an important role in HCC etiology.9

In recent years, the effect of reactive oxygen species (ROS)
on hepatic carcinogenesis has been well recognized. It has been
suggested that excessive production of ROS may lead to
oxidative stress and severe DNA damage, which has been
implicated in abnormal cell functioning or even carcinogen-
esis.10 Paraoxonase 1 (PON1) is a liver-induced glycoprotein
enzyme that is involved in the mechanism of antioxidant
defense against ROS and anti-inflammatory.11,12 Mackness
et al have reported that PON1 enzymatic activity is correlated
with cardiovascular disease, primarily due to the effect of anti-
low–density lipoprotein (LDL) oxidative modification.13

Additionally, the significant decline of serum PON1 activities
has been found to serve as a strong predictor of acute viral
hepatitis B, chronic alcoholic hepatitis, liver cirrhosis, and
nonalcoholic fatty liver disease (NAFLD).14–16 Therefore,
single-nucleotide polymorphisms (SNPs) in the PON1 gene
may differentially affect the enzymatic activity, possibly con-
tributing to the susceptibility to various diseases.17

The human PON1 gene, encoded by the chromosome

xons and 8 introns. PON1 presents at

s (rs662 and rs854560) located in the
cated in the promoter region (rs705379,
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rs705380, rs705381, rs854571, and rs854572). Of these,
rs705379 polymorphism contributed the most (22.8%) and
rs854572 polymorphism contributed the least (<1%) of
PON1 activity.18 The most studied mutation is rs662
(Q192R), which results in a glutamine (Q) to argenine (R)
substitution at position 192. The 192Gln variant seems to induce
higher PON1 hydrolytic activity towards paraoxon19,20 and to
be more effective than 192Arg in the prevention of LDL
oxidation.21 For, several studies have looked at the correlation
between the rs662 SNP and the risk of various cancers, such as
ovarian epithelial carcinoma,22 brain astrocytoma and menin-
gioma,23 lymphoma,24 and lung cancer,25 in various popu-
lations. To date, only 1 hospital-based case-control study has
investigated the association of PON1 rs662 polymorphism with
HCC susceptibility.26 Another common polymorphism of
PON1 is the rs705382 SNP, which is a C/G substitution at
codon 1434 of the 5’-untranslated region (UTR). Previous work
revealed that variant allele of rs705382-1434C>G was inde-
pendently associated with higher levels of PON1 activity and
expression.27 However, the role of the rs705382 polymorphism
in HCC is still unknown.

The aim of this study was to further explore the relation-

Lao et al
ship between 2 previously studied PON1 polymorphisms (rs662

and rs705382) and CHB, HBC-related LC, and HCC suscepti-
bility in Guangxi populations.

MATERIALS AND METHODS

Study Population
The present study included 441 HBV-related patients and

221 healthy controls. Patients were periodically recruited at the
First Affiliated Hospital of Guangxi Medical University, from
April through October of 2014, including 99 CHB patients, 84
HBV-related LC patients, and 258 HBV-related HCC patients.
The inclusion and exclusion criteria have been previously
described.28 Eligible participants were confirmed to have a
history of chronic HBV infection (�6 months). CHB was
diagnosed by elevation of the liver function markers alanine
aminotransferase (ALT) or aspartate aminotransferase (AST)
(>40 IU/mL), as well as by HBV-DNA levels >1� 103 copies/
mL. HBV-LC was diagnosed pathologically or was based on the
combination of laboratory tests and radiologic evidence. HBV-
HCC was diagnosed based on positive findings obtained from
ultrasonography, computed tomography (CT), and magnetic
resonance imaging (MRI), and/or by pathological examination.
A significant increase in serum a-fetoprotein (AFP) (>400 ng/
mL) was also determined to indicate HBV-HCC. Patients were
excluded from the current study if they had coinfection with
other hepatitis virus (hepatitis A/C/D/E virus); alcoholic liver
disease, autoimmune hepatitis, or primary biliary cirrhosis; any
concomitant malignant cancers; or a family history of HCC, or a
history of autoimmune diseases such as systemic lupus erythe-
matosus (SLE) and rheumatoid arthritis (RA). Controls were
randomly selected from healthy individuals who attended the
same hospital for a routine physical examination during
the patient recruitment periods. The selection criteria for con-
trols were absence of any malignancy or other hepatic illness,
including HBV infection. All participants were from the
Guangxi district. At recruitment, written informed consent
was obtained from each participant. Additionally, blood

samples and demographic characteristics, including age, sex,
ethnicity, tobacco and alcohol use, and body mass index (BMI),
were also collected by the interviewers. This study was

2 | www.md-journal.com
approved by the ethics committee of the First Affiliated Hos-
pital of Guangxi Medical University.

DNA Extraction and PON1 Polymorphism
Genotyping

Genomic DNAwas extracted from 2-mL peripheral venous
blood by a high-salting-out method using phenol-chloroform.
The PON1 rs662 and rs705382 SNPs were genotyped by
polymerase chain reaction–restriction fragment length poly-
morphism (PCR-RFLP), without knowledge of the case or
control status. The PCR was carried out in 1.0 mL of each
primer, 12.5 mL of Green PCR Master Mix (Shanghai Sangon
Biotech Co., Ltd., Shanghai, China), 9.5 mL of sterilized deio-
nized water, and 2.0 mL of template DNA per reaction. The
forward and reverse primers used were rs662-F 5’-
TATTGTTGCTGTGGGACCTGAG-3’ and R 5’-CACGC-
TAAACCCAAATACATCTC-3’,29 rs705382-F 5’-GAGAGG-
GAAAGTGGTCAGCT-3’ and R 5’-GAAGTGTGAGTTT
GGGCAGG-3’. The PCR reaction for rs662 included a 5-
min preincubation step at 958C, followed by 40 cycles of
45 seconds at 958C, 45 seconds at 598C, 45 seconds at 728C,
and then a final 10-min extension step at 728C. For rs705382, it
included a 5-min preincubation step at 958C, followed by 25
cycles of 39 seconds at 958C, 30 seconds at 568C, 30 seconds at
728C, and then a final 10-min extension step at 728C. After
amplification, all products were separated on 2.5% agarose gel
and subsequently stained with ethidium bromide to visualize the
bands (Fig. 1). To control the quality of the PCR reaction, a
negative control was also performed in each genotyping assay.
In addition, a 10% random sample was send to Sangon Biotech
Company for genotyping in duplicates, and the reproducibility
was 100%.

Statistical Analysis
The Hardy–Weinberg equilibrium (HWE) was assessed by

a goodness-of-fit chi-square test for genotypes in the control
groups. For baseline data, 1-way analysis of variance (ANOVA)
tests were used for the categorical variables, and Student t tests
were used for the continuous variables to compare the differ-
ences in demographic characteristics between patients and
controls. Genotype and allele frequencies among different
groups were compared using the chi-square test and Fisher
exact test, when appropriate. Logistic regression analysis,
adjusted for age, sex, tobacco smoking, alcohol consumption,
and BMI, was utilized to calculate the adjusted odds ratios
(ORs) and 95% confidence intervals (CIs). Further stratified
analyses were conducted according to age and sex. The hap-
lotype construction was performed using SHEsis software
(http://analysis.bio-x.cn/myAnalysis.php).30 A probability level
of less than 0.05 was judged as statistically significant. All
statistical analyses were performed using SPSS, version 13.0
(SPSS Inc., Chicago, IL).

RESULTS

Characteristics of the Study Population
The basic demographics of patients and controls are

summarized in Table 1. Briefly, the CHB patients were, on
average, significantly younger than the healthy control, LC, and
HCC patients (P< 0.001). The HCC patients were predomi-

Medicine � Volume 94, Number 48, December 2015
nantly men, tobacco smokers, and alcohol drinkers (P< 0.001).
However, the healthy control group consisted largely of non-
smokers and nondrinkers, which indicated that the controls
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FIGURE 1. PCR-RFLP assay for analyzing the rs662 and rs705382 polymorphisms of the PON1 gene. (A) rs662-lanes M: DNA marker; lanes
ow
4

lym

Medicine � Volume 94, Number 48, December 2015 PON1 Polymorphisms and CHB, LC, and HCC
seemed to have a healthier lifestyle in comparison with the HCC
patients. Apart from this, most of the healthy controls were from
the Zhuang ethnic group, whereas the HBV patients were
primarily from the Han ethnic group (P¼ 0.044). The mean

1, 2, 4, 7, 8, and 10 show GG genotype; lanes 3, 5, 6, 9, and 12 sh
DNA marker; lanes 1 and 2 show GG genotype; lanes 3 and
RFLP¼polymerase chain reaction–restriction fragment length po
BMI in the control individuals was similar to that in the HBV
patients (P¼ 0.210). In healthy controls, the observed genotype
frequencies of rs662 and rs705382 were both in agreement with

TABLE 1. Clinical and Epidemiological Data for the Patient and

Parameters Controls (n¼ 221, %) CHB (n¼ 99,

Age, y, mean�SD 46.51� 6.88 38.58� 12.07
BMI, mean�SD 22.61� 3.51 22.34� 3.65

Sex
Men 123 (55.7) 76 (76.8)
Women 98 (44.3) 23 (23.2)

Tobacco smoking
Yes 70 (31.7) 48 (48.5)
No 151 (68.3) 51 (51.5)

Alcohol drinking
Yes 60 (27.1) 39 (39.4)
No 161 (72.9) 60 (60.6)

Ethnicity
Han 97 (43.9) 59 (59.6)
Zhuang 112 (50.7) 36 (36.4)
Others 12 (5.4) 4 (4.0)

BMI¼ body mass index, CHB¼ chronic hepatitis B, HCC¼ hepatocellu

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
HWE (P¼ 0.437 for rs662 and P¼ 1.000 for rs705382)
(Table 2).

Association Analysis of Candidate SNPs with

AG genotype; lane 11 shows AA genotype. (B) rs705382-lanes M:
show CG genotype; lanes 5 and 6 show CC genotype. PCR-
orphism, PON1¼paraoxonase 1.
CHB, HBV-related LC, and HCC Risk
Table 2 shows the genotype and allele frequencies of the 2

candidate SNPs within the PON1 gene for the patient and

Control Groups

%) LC (n¼ 84, %) HCC (n¼ 258, %) P Value

49.94� 12.40 49.31� 11.28 <0.001
23.01� 4.47 22.14� 3.26 0.210

66 (78.6) 235 (91.1) <0.001
18 (21.4) 23 (8.9)

30 (35.7) 165 (64.0) <0.001
54 (64.3) 93 (36.0)

41 (48.8) 165 (64.0) <0.001
43 (51.2) 93 (36.0)

50 (59.5) 152 (58.9) 0.044
31 (36.9) 106 (41.0)
3 (3.6) 8 (0.1)

lar carcinoma, LC¼ liver cirrhosis, SD¼ standard deviation.
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control groups. Distributions of the rs662 and rs705382 geno-
types and alleles were then compared across the groups, and no
statistically significant differences were observed (both
P> 0.05).

Associations between the PON1 rs662 polymorphism and
CHB, HBV-related LC, and HCC risk were assessed using
logistic regression analyses adjusted for sex, age, ethnicity,
smoking, alcohol consumption, and BMI, and no significant
associations were observed in any genetic models (Table 2).
However, logistic regression analyses for the PON1 rs705382
polymorphism indicated that individuals carrying the rs705382
G allele were at moderately increased risk of CHB when
compared with those carrying the C allele (adjusted OR
1.50, 95% CI 1.01–2.22, P¼ 0.044; Table 2). Similarly, we
also found that both the rs705382 GG and CG carriers had more
than a 2-fold risk of CHB (GG vs CC genotype: adjusted OR
2.66, 95% CI 1.12–6.31, P¼ 0.027; CG vs CC genotype:
adjusted OR 2.45, 95% CI 1.11–5.43, P¼ 0.027) relative to
the CC carriers. In the combined analyses, the GG þ CG
genotype was associated with a significantly increased risk
of CHB, with adjusted OR of 2.53 (95% CI 1.19–5.38,
P¼ 0.016).

We further examined the associations between the 2 PON1
SNPs and CHB, HBV-related LC, and HCC risk by stratifying
each study participant into subgroups according to age and sex.
The results suggested that men with rs705382 GG genotype and
G allele exhibited an increased risk of CHB (GG vs CC

Medicine � Volume 94, Number 48, December 2015
genotype: adjusted OR 3.59, 95% CI 1.23–6.31, P¼ 0.020;
G vs C allele: adjusted OR 1.76, 95% CI 1.07–2.88, P¼ 0.025;
Table 3). Interestingly, compared with the rs705382 CC

TABLE 3. Stratified Effects of PON1 rs662 and rs705382 Polymo

CHB

SNPs Genotypes OR (95% CI)
�

P

Men
rs662

Codominant model AG vs AA 1.13 (0.40–3.20) 0.8
GG vs AA 1.46 (0.54–3.90) 0.4

Dominant model AG þ GG vs AA 1.31 (0.52–3.33) 0.5
Allele model G vs A 1.27 (0.76–2.11) 0.3

rs705382
Codominant model CG vs CC 2.71 (1.00–7.33) 0.0

GG vs CC 3.58 (1.23–10.46) 0.0
Dominant model CG þ GG vs CC 0.82 (0.51–1.32) 0.4
Allele model G vs C 1.76 (1.07–2.88) 0.0

Women
rs662

Codominant model AG vs AA 0.85 (0.18–4.11) 0.8
GG vs AA 0.46 (0.08–2.64) 0.3

Dominant model AG þ GG vs AA 0.68 (0.15–3.12) 0.6
Allele model G vs A 0.68 (0.31–1.51) 0.3

rs705382
Codominant model CG vs CC 2.00 (0.44–9.16) 0.3

GG vs CC 1.53 (0.28–8.50) 0.6
Dominant model CG þ GG vs CC 1.82 (0.43–7.74) 0.4
Allele model G vs C 1.19 (0.54–2.60) 0.6

CHB¼ chronic hepatitis B, CI¼ confidence interval, HCC¼ hepatocell
nucleotide polymorphisms.�

Adjusted for age, sex, tobacco smoking, alcohol consumption, and BM

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
genotype, a marginally decreased risk of LC was associated
with the CG and the combined GG þ CG genotypes among
women (CG vs CC genotype: adjusted OR 0.26, 95% CI 0.07–
0.98, P¼ 0.047; dominant model: adjusted OR 0.28, 95% CI
0.08–0.96, P¼ 0.042). On the contrary, neither the allele
frequencies nor the genotype distributions of the rs662 SNP
showed impacts on men or women in both the case and control
groups (Table 3). In addition, among individuals aged 40 years
or older, strong evidences of associations between CHB and the
rs705382 variant genotypes occur, with adjusted OR of 10.336
for GG versus CC (95% CI 1.27–84.11, P¼ 0.029), adjusted
OR of 11.54 for CG versus CC (95% CI 1.47–90.68,
P¼ 0.020), and adjusted OR of 11.05 for the dominant model
(95% CI 1.44–84.76, P¼ 0.021) (Table 4). Similar to the
stratified results for sex, negative results were found for
rs662 polymorphism in both older individuals (�40 years
old) and younger individuals (<40 years old).

The genetic background of PON1 polymorphisms may
vary between different races and populations. Therefore, the
allele and genotype frequencies of the 2 SNPs in the control
groups were compared with those previously reported in the
Haplotype Map (HapMap) project (http://www.ncbi.nlm.nih.-
gov/snp/) and several human genetic association studies.31–33

As is shown in Table 5, the distribution of the 2 SNPs in the
present study is significantly different from that in CEU (Utah
residents with northern and western European ancestry) and
YRI (Yoruba in Ibadan). For the rs662 SNP, the frequencies of

PON1 Polymorphisms and CHB, LC, and HCC
the GG genotype and G allele in CEU population are signifi-
cantly lower, whereas it is higher in the YRI population when
compared with our data. In contrast, the GG genotype and

rphisms on CHB, LC, and HCC Risk Estimated by Sex

LC HCC

OR OR (95% CI)
�

POR OR (95% CI)
�

POR

13 1.57 (0.60–4.11) 0.361 1.28 (0.66–2.47) 0.459
56 1.32 (0.53–3.32) 0.553 0.97 (0.52–1.83) 0.934
70 1.42 (0.59–3.40) 0.435 1.10 (0.61–1.99) 0.757
58 1.09 (0.69–1.73) 0.720 0.92 (0.67–1.28) 0.635

50 1.06 (0.48–2.38) 0.880 1.26 (0.74–2.00) 0.408
20 1.39 (0.59–3.27) 0.450 1.03 (0.59–1.85) 0.936
18 1.19 (0.57–2.49) 0.644 1.18 (0.72–1.84) 0.534
25 1.20 (0.77–1.87) 0.421 1.02 (0.75–1.40) 0.890

37 0.27 (0.05–1.52) 0.137 1.18 (0.25–5.54) 0.834
83 0.28 (0.05–1.66) 0.161 1.04 (0.22–4.94) 0.959
18 0.27 (0.05–1.40) 0.120 1.11 (0.26–4.75) 0.889
45 0.67 (0.29–1.53) 0.339 0.98 (0.47–2.04) 0.961

72 0.26 (0.07–0.98) 0.047 0.97 (0.28–3.45) 0.967
28 0.33 (0.06–1.69) 0.183 0.68 (0.15–3.06) 0.617
15 0.28 (0.08–0.96) 0.042 0.87 (0.26–2.94) 0.827
72 0.53 (0.23–1.22) 0.137 0.84 (0.42–1.69) 0.621

ular carcinoma, LC¼ liver cirrhosis, OR¼ odds ratio, SNPs¼ single-

I.
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TABLE 4. Stratified Effects of PON1 rs662 and rs705382 Polymorphisms on CHB, LC, and HCC Risk Estimated by Age

CHB LC HCC

SNPs Genotypes OR (95% CI)
�

POR OR (95% CI)
�

POR OR (95% CI)
�

POR

Age <40 y old
rs662

Codominant model AG vs AA 1.71 (0.47–6.31) 0.418 2.71 (0.24–30.80) 0.422 2.58 (0.57–11.75) 0.221
GG vs AA 0.47 (0.12–1.87) 0.283 2.03 (0.19–22.03) 0.559 2.08 (0.458–9.46) 0.342

Dominant model AG þ GG vs AA 1.01 (0.31–3.30) 0.994 2.30 (0.23–23.16) 0.480 2.32 (0.57–9.51) 0.243
Allele model G vs A 0.60 (0.31–1.17) 0.133 1.14 (0.44–2.95) 0.793 1.29 (0.62–2.68) 0.493

rs705382
Codominant model CG vs CC 1.56 (0.51–4.75) 0.437 2.39(0.39–14.13) 0.351 3.20 (0.90–11.38) 0.073

GG vs CC 1.37 (0.40–4.69) 0.614 3.33(0.58–19.03) 0.177 2.62 (0.62–11.02) 0.189
Dominant model CG þ GG vs CC 1.48 (0.54–4.10) 0.450 2.83(0.57–14.13) 0.204 2.98 (0.91–9.73) 0.071
Allele model G vs C 1.19 (0.63–2.24) 0.591 1.97(0.79–4.90) 0.147 1.60 (0.80–3.22) 0.187

Age �40 y old
rs662

Codominant model AG vs AA 0.85(0.28–2.61) 0.780 0.84 (0.34–2.03) 0.690 1.05 (0.544–2.041) 0.827
GG vs AA 1.15(0.41–3.25) 0.796 0.87 (0.37–2.04) 0.745 0.86 (0.449–1.636) 0.641

Dominant model AG þ GG vs AA 1.02(0.38–2.79) 0.963 0.85 (0.38–1.91) 0.700 0.94 (0.514–1.731) 0.849
Allele model G vs A 1.16(0.68–1.98) 0.568 0.95 (0.61–1.47) 0.808 0.89 (0.641–1.226) 0.468

rs705382
Codominant model CG vs CC 11.54 (1.47–90.68) 0.020 0.66 (0.27–1.59) 0.354 0.82 (0.43–1.58) 0.551

GG vs CC 10.34 (1.27–84.11) 0.029 0.94 (0.43–2.07) 0.877 0.82 (0.47–1.43) 0.491
Dominant model CG þ GG vs CC 11.05 (1.44–84.76) 0.021 0.69 (0.33–1.42) 0.309 0.94 (0.55–1.60) 0.805
Allele model G vs C 12.27 (2.91–51.77) 0.001 0.70 (0.42–1.17) 0.171 0.94 (0.64–1.37) 0.726

CHB¼ chronic hepatitis B, CI¼ confidence interval, HCC¼ hepatocellular carcinoma, LC¼ liver cirrhosis, OR¼ odds ratio, SNPs¼ single-
nucleotide polymorphisms.�

Adjusted for age, sex, tobacco smoking, alcohol consumption and BMI.

TABLE 5. Comparison of Genotype and Allele Frequencies in the Healthy Control Participants of Our Study and That From the
HapMap Project

Polymorphisms Samples, N Genotype Frequency, n (%) Alleles Frequency, n (%)

rs662 AA AG GG P Value A G P Value
Present study 221 33 (14.9%) 87 (39.4%) 101 (45.7%) 153 (34.6%) 289 (65.4%)
CEU

�
226 98 (43.4%) 106 (46.9%) 22 (9.7%) <0.001 302 (66.8%) 150 (33.2%) <0.001

HCB
�

86 16 (18.6%) 42 (48.8%) 28 (32.6%) 0.154 74 (43.0%) 98 (57.0%) 0.246
JPT
�

170 14 (8.2%) 72 (42.4%) 84 (49.4%) 0.312 100 (29.4%) 240 (70.6%) 0.363
YRI
�

226 10 (4.4%) 74 (32.7%) 142 (62.8%) 0.009 94 (20.8%) 358 (79.2%) 0.027
Turkish30 234 20 (8.6%) 93 (39.7%) 121 (51.7%) 0.392 133 (28.4%) 335 (71.6%) 0.287
Anhui31 136 19 (14.0%) 57 (41.9%) 60 (44.1%) 0.909 95 (34.9%) 177 (65.1%) 1.000
Sichuan32 248 39 (15.7%) 101 (40.7%) 108 (43.6%) 0.941 179 (36.1%) 317 (63.9%) 0.883

rs705382 CC CG GG P Value C G P Value
Present study 221 54 (24.5%) 111 (50.2%) 56 (25.3%) 219 (49.5%) 223 (50.5%)
CEU

�
226 24 (10.6%) 104 (46.0%) 98 (43.4%) 0.006 152 (33.6%) 300 (66.4%) 0.026

HCB
�

86 18 (20.9%) 36 (41.9%) 32 (37.2%) 0.186 72 (41.9%) 100 (58.1%) 0.286
JPT
�

172 22 (12.8%) 98 (57.0%) 52 (30.2%) 0.095 142 (41.3%) 202 (58.7%) 0.226
YRI
�

226 146 (64.6%) 64 (28.3%) 16 (7.1%) <0.001 356 (78.8%) 96 (21.2%) <0.001
Sichuan32 248 50 (20.2%) 129 (52.0%) 69 (27.8%) 0.682 229 (46.2%) 267 (53.8%) 0.619

CEU¼Utah residents with northern and western Europeanancestry; HCB¼Han Chinese in Beijing, China; JPT¼ Japanese in Tokyo, Japan;
YRI¼Yoruba in Ibadan, Nigeria.�

Data from HapMap Project.

Lao et al Medicine � Volume 94, Number 48, December 2015
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PON1 Polymorphisms and CHB, LC, and HCC
G-allele distributions of the rs705382 SNP are significantly
higher and lower in the CEU and YRI populations, respectively.

Haplotype Analysis of Associations Between
PON1 Polymorphisms and CHB, HBV-related LC,
and HBV-related HCC

We performed further the haplotype analysis to evaluate
the linkage strength of nearby SNPs located in the same
chromosome regions. A total of 4 two-locus haplotypes (CA,
CG, GA, and GG) were analyzed. We identified that GG was the
most common haplotype in both patients and controls. CA was
the next most common in healthy controls, CHB, and LC
patients, whereas CG was in second place for HCC patients
(Table 6). The frequency of the haplotype GA was significantly
associated with increased HCC risk (OR 1.68, 95% CI 1.08–
2.60, P¼ 0.020).

DISCUSSION
In this study, we investigated the association of PON1 gene

SNPs (rs662 and rs705382) with risk of CHB, HBV-related LC,
and HCC in the Guangxi population. Our results demonstrate
that, for the overall population, the candidate rs705382 SNP was
statistically significantly related with greater risk of CHB, but
not in LC or HCC. When stratified by sex and age, significant
associations with increased risk of CHB were observed for the
rs705382 SNP in men and older individuals (�40 years old),
whereas a marginally decreased risk of HBV-related LC was
found for the variant genotype of rs705382 among women.
Haplotype analysis of the 2 candidate SNPs revealed that the
haplotype GA served as an increase risk factor for HCC.

The pathogenic mechanism linking oxidative stress and
hepatocarcinogenesis has previously been studied.34,35 PON1,
one member of the PON family, plays a crucial role in anti-
oxidant defense and anti-inflammatory.11,12 Sun et al36 reported
that the expression levels of PON1 protein in patients with LC
and HCC were significantly lower than that in the healthy
controls. Therefore, it is easily inferred that the significant
decline of serum PON1 concentrations or activity can pro-
foundly affect liver disease status. According to previous
results, genetic mutations like promoter polymorphisms are
the most important factors regarding the variations in PON1
enzyme activity between individuals. Several studies have
reported a functional significance of PON1 gene polymorph-
isms. It has been suggested that the variant alleles of PON1
rs662 and rs705382 seem to induce higher PON1 activity.19,20,27

However, there are fewer studies investigating the association
of the PON1 rs662 and rs705382 polymorphism with CHB and
LC, as well as with HCC.

In 2013, based on 217 confirmed cases and 217 cancer-free
controls, Akkiz et al26 firstly reported the association of PON1
rs662 polymorphisms with HCC risk in the Turkish population.
In that study, the variant allele frequencies were 0.28 and 0.27
for HCC cases and controls, respectively. Further statistical
analysis showed that the rs662 polymorphisms have no direct
effect on the risk for developing HCC, which is in agreement
with our results. Furthermore, there were 2 studies investigating
the associations of the PON1 rs705382 polymorphism with
ischemic stroke (IS) and sporadic amyotrophic lateral sclerosis
(SALS), respectively. The study on the association between
rs705382 SNP and ischemic stroke was conducted by Kim

Medicine � Volume 94, Number 48, December 2015
et al27 in 2009, and involved 86 Korean patients with IS.
According to the results, the rs705382 G allele was observed
with a little lower frequency in cases than in controls. A general

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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linear model revealed that the rs705382-1434G was related with
higher PON1 activity and acted as a risk factor for IS in the
Korean population.27 In contrast, Chen et al31 assessed 373
SALS patients and 248 controls from Southwest China, and the
rs705382 polymorphism did not seem to contribute to the risk
for developing SALS in that study population, as evidenced by
the absence of statistical differences in allele frequencies
between the control and SALS group, and by the association
analysis of rs705382 SNP with SALS risk. Nevertheless, either
PON1 rs662 or rs705382 SNP was investigated in these studies.
Few studies so far have estimated the influences of both the
PON1 rs662 and rs705382 polymorphisms on CHB, LC, and
HCC risks. The current study was conducted to investigate the
association between 2 SNPs (rs662, rs705382) of the PON1
gene, and CHB, LC, and HCC risks in a substantial number of
cases and controls (99 CHB patients, 84 LC, 258 HCC, and 221
healthy controls), which greatly increased statistical power of
the study when compared with previous studies. In our study,
the rs705382-1434G allele was distributed as follows: 0.57 in
CHB, 0.54 in LC, 0.51 in HCC, and 0.51 in healthy controls.
Although no significant differences were found in the allele
frequencies between patients and controls, the rs705382 SNP
was associated with increased risk of CHB, after adjusting for
all conventional risk factors. It is possible that these inconsistent
findings may be explained by the differences in studied popu-
lation, sample size, and other potential risk factors that influ-
ence the effects of genetic variants on disease risk.

On the basis of the subgroup analysis by sex and age,
our observations suggest that there are age and sex-related
differences in the correlation between the PON1 rs705382
polymorphism and CHB risk. Individuals with the rs705382
GG genotype had a significantly high risk of CHB among
men and people over 40 years old, but no such results were
observed among women and people younger than 40 years
old. Notably, compared with those of the CC genotype,
women carrying the rs705382 CG and the combined CG
þ GG genotypes were at increased risk of LC. However, this
association only bordered on statistical significance and the
result should be interpreted cautiously. Previous studies have
shown a considerable decrease of PON1 activity with advan-
cing age,37,38 and this leads to increased risk of disease
among older individuals. On the contrary, Hernandez
et al39 reported that women had significant lower levels of
PON1 among the Spanish population, suggesting that women
may be more susceptible to diseases. Nevertheless, this is not
in line with our results. Considering the distinct genetic
background and differences in exposure to environmental
risk factors between the Chinese and Spanish populations,
further similar studies with a larger number of patients should
be performed for confirmation.

Analysis of multiple linked SNPs tend to be more
powerful for providing robust results than individual SNPs.40

Meanwhile, information is lacking regarding PON1 haplo-
types and HCC risk. Consequently, haplotype analysis is to
be preferred while evaluating the relationship of PON1
polymorphisms with HCC risk by using the SHEsis software.
We observed that the haplotype GG (carrying all variants)
was the most prevalent one in both the patient and control
groups; however, the haplotype GA (carrying 1 variant and 1
wild-type allele) was associated with a 1.68-fold increase in
the risk of HCC.

Lao et al
To the best of our knowledge, the present study is the first
to assess the potential implications of the PON1 gene rs662 and
rs705382 for susceptibility to CHB, HBV-related LC, and HCC.

8 | www.md-journal.com
Despite the strengths and biological plausibility of the associ-
ations observed in this study, there are still several limitations
need to be addressed. Firstly, the study participants were all
recruited from the Guangxi district, and they may not be
representative of the entire Chinese population. Data should
be applied cautiously to other ethnic groups. Additionally,
because of the lack of dietary exposure assessment of aflatoxin,
we have not carried out the gene–environment interaction
analyses of aflatoxin exposure and PON1 candidate SNPs in
risk estimates of HCC. Follow-up studies are needed to examine
the detailed molecular interactions between PON1 polymorph-
isms and aflatoxin exposure.

In conclusion, our results showed that the PON1 rs705382
SNP was associated with the increased risk of CHB in a
Guangxi population, especially in men and individuals over

Medicine � Volume 94, Number 48, December 2015
40 years old. Larger prospective studies with detailed infor-
mation about aflatoxin exposure are warranted to validate
our findings.
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