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Abstract: Objective: A number of studies have investigated the relationship between the PON1 gene polymorphisms
and breast cancer risk, but the conclusions are not consistent. In this paper, a meta-analysis was conducted to
explore the possible reasons for these inconsistencies, expecting to further clarify the correlation between PON1
gene polymorphisms and breast cancer risk. Methods: After searches in the database such as MEDLINE, EBSCO,
ProQuest, Google Scholar, High-Wire, SID (Scientific Information Database) and PubMed, 7 literatures were col-
lected. RevMan 5.2 software was used to perform the meta-analysis. Random-effects or fixed-effects model was
used to analyze the odds ratio (OR) and 95% confidence intervals. Results: The analysis of L55M single nucleotide
polymorphisms (SNPs) showed that M allele frequency was positively correlated with the incidence risk of breast
cancer (OR=1.34, 95% CI: 1.03-1.74). While we did not found Q192R polymorphism associated with the risk of
breast cancer (OR=1.0, 95% CI: 0.71-1.42). Conclusion: For PON1 gene, the frequencies of M allele were associated

with the incidence risk of breast cancer.
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Introduction

Paraoxonase (PON) is a class of aromatic ester-
ase catalyzing the hydrolysis of phosphate
bonds, which can degrade organic phosphate,
aromatic carboxylic acid esters and carba-
mates [1]. Since the most common substrate of
the enzyme for activity test is paraoxon, it is
named as paraoxonase. Recent studies have
found that it not only plays an important role in
the detoxification of organophosphate com-
pounds, but also closely relates with the onset
of atherosclerosis by inhibiting the oxidation of
LDL [2, 3]. PON gene is located on human chro-
mosome 7, mainly including PON1, PON2 and
PON3. The present studies [4, 5] showed that
in the coding region of PON1 gene, there were
two common functional SNPs, which were
L55M (rs854560) and Q192R (rs662). L55M
polymorphism can affect the concentration of
paraoxonase and Q192R polymorphism can
affect the ability of enzyme to hydrolyze lipid
peroxides. Given the important role of PON1 in

tumor-induced oxidative stress reactions, some
scholars believe that PON1 polymorphisms may
be associated with breast cancer risk.

In the past decade, some studies have investi-
gated the relationship between PON1 polymor-
phisms and breast cancer risk [6-12], but the
results of these studies were not consistent.
This inconsistency may be due to the small
influence of PON1 gene polymorphisms on
breast cancer risk and/or the interference of
some false-positive results. Therefore, we con-
ducted a meta-analysis of some published lit-
eratures, trying to explore the possible reasons
for this inconsistency, and expecting to further
clarify the correlation between PON1 gene poly-
morphisms and breast cancer risk.

Methods

The literatures on the correlation between
PON1 gene polymorphisms and breast cancer
risk published before January 2015 were se-
arched on the databases of MEDLINE, EBSCO,
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Table 1. The characteristics of the included studies

Control Breast cancer Control Breast can-
subjects Patients subjects cer Patients
Authors P“b):::r“on Country Case/control LL LM MM LL LM MM QQ QR RR QQ QR RR HWE
Stevens et al. 2006 USA 483/483 202 223 58 176 230 77 238 198 47 259 182 42
Antognellietal. 2009 Italy 547/544 188 125 231 107 115 325 340 152 52 484 50 13
Naidu et al. 2010  Malaysia 387/252 126 109 17 159 178 50 115 115 22 200 158 29
Hussein et al. 2011 Egypt 200/200 81 65 54 70 62 68 46 42 12 51 41 8
Agachan et al. 2006 Turkey 33/52 17 29 6 17 4 12
Gallicchioetal. 2007 USA 58/904 - - - - - - 469 353 82 38 15 5
DeRoo et al. 2014 USA 294/646 HR=0.96 (95% CI: 0.78-1.20) HR=0.97 (95% Cl: 0.77-1.22)
Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed. 95% CI
Antognelli et al.2009 325 547 231 544 479%  1.98[1.56, 2.52) B
Hussein et al.2011 68 200 54 200 18.2%  1.39(0.91,214) =
Naidu etal.2010 50 387 17 252 9.1% 2.05[1.15, 3.64) i
Stevens et al.2006 77 483 58 483 248%  1.39(0.96,2.01) [
Total (95% Cl) 1617 1479 100.0%  1.74[1.46, 2.06] L
Total events 520 360 . l . '
Heterogeneity, Chi*=3.93,df=3 (P=0.27); F= 24% -0_01 Gf1 1 1-0 100-

Test for overall effect: Z=6.23 (P < 0.00001)

Favours [Case] Favours [control]

Figure 1. Forest plot of breast cancer and L55M polymorphism (MM vs. LL+LM).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random. 95% ClI
Antognelli et al.2009 0.683 0089 21.1% 1.98 [1.66, 2.36) -
DeRooetal 2012 -0.042 0104 204% 0.96[0.78,1.18] »
Hussein etal.2011 0.254 0145 183% 1.29[0.97,1.71) [
Naidu etal.2010 0.343 0122 195% 1.41[1.11,1.79) il
Stevens et al.2006 0199 0096 208% 1.22[1.01,1.47] ™
Total (95% CI) 100.0% 1.34[1.03,1.74]

Heterogeneity: Tau®= 0.08; Chi*= 30.57, df= 4 (P < 0.00001), F=87%

Test for overall effect: Z= 217 (P =0.03)
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Figure 2. Forest plot of breast cancer and L55M polymorphism (M allele vs. M allele).

ProQuest, Google Scholar, High-Wire, SID (Sci-
entific Information Database) and PubMed,
with “Breast cancer”, “polymorphisms”, “L5-
5M”, “Q192R”, “paraoxonase” and “PON1” as
keywords. Meanwhile, the references in the
obtained literatures were analyzed for further
follow-up analysis of other related researches.

In this study, only English and Chinese litera-
tures were included and a total of 7 literatures
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complying with the requirements were retriev-
ed, which were shown in Table 1.

Data extraction

Standardized forms were used for data extrac-
tion of all documents, including the author, pub-
lication time, country, experimental design,
information of the control group (data from the
non-breast cancer patients in the hospital or
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Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Agachan et al.2006 12 33 6 52 13.3% 4.38[1.45,13.26) B e
Antognelli et al.2009 13 547 52 544 18.2% 0.23(0.12,0.43) =
Gallicchio et al.2007 5 58 82 904 14.9% 0.95([0.37, 2.43) e
Hussein et al.2011 g 100 12 100 14.9% 0.64 [0.25,1.63] S T
Naidu etal.2010 29 387 22 252 18.7% 0.85([0.47,1.51) =
Stevens et al.2006 42 483 47 483 20.0% 0.88[0.57,1.37) -
Total (95% CI) 1608 2335 100.0% 0.82[0.43, 1.55] <&
Total events 108 221
Heterogeneity: Tau®= 0.49; Chi*= 24.81, df= 5 (P = 0.0002); F= 80% :001 0:1 ] 1=0 100:

Test for overall effect: Z=0.62 (P = 0.54)

Favours [case] Favours [control]

Figure 3. Forest plot of breast cancer and Q192R polymorphism (RR vs. QR+QQ).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Agachan et al. 2006 0.47 0334 10.7% 1.60([0.83, 3.08] T
Antognelli et al.2009 -0.891 0141 156% 0.41[0.31, 0.54) =
DeRooetal 2012 -0.031 0117 16.1% 0.97[0.77,1.22] . i
Gallicchio et al.2007 0 0227 135% 1.00[0.64, 1.56) =
Hussein etal.2011 0.239 0235 13.3% 1.27[0.80, 2.01) ™
Naidu et al.2010 0148 0135 15.7% 1.16[0.89, 1.51] ™
Stevens et al.2006 0.255 0155 15.3% 1.29[0.95,1.75) [*
Total (95% Cl) 100.0% 1.00 [0.71,1.42]

Heterogeneity: Tau®= 0.18; Chi*= 45.45, df=6 (P < 0.00001); F=87%

Test for overall effect Z= 0.00 (P = 1.00)
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Figure 4. Forest plot of breast cancer and Q192R polymorphism (R allele vs.Q allele).

healthy individuals), race, the specific number
of cases of different PON1 genotypes in experi-
mental and control groups.

Literature inclusion criteria

The included literatures for meta-analysis must
meet the following criteria: (1) The included
studies must be case-control studies about
PON1 polymorphisms and susceptibility of
breast cancer. (2) The distribution of genotype
frequency, or evaluable indicators, such as
odds ratios (odd ratios, OR) and 95% confi-
dence intervals (confidential interval, Cl) must
be specific or can be calculated. (3) The fre-
quency of population genotype must meet the
Hardy-Weinberg equilibrium in the control
group. (4) If there are duplicated publication or
data, we selected the articles with the largest
sample size or the latest published literatures.

Exclusion criteria

(1) Review articles. (2) The reports repeated the
same population. (3) The frequency distribution
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of gene loci cannot be obtained. (4) Diagnos-
tic criteria were different from other studies.
(5) Genotype distribution in the control group
did not meet the Hardy-Weinberg (HW) equi-
librium.

Meta-analysis

Meta-analysis of all literatures was performed
utilized RevMan 5.2 software. Chi-square test
was used for Hardy-Weinberg equilibrium (HWE)
analysis of the distribution of PON1 genotypes
in control groups. Taking into account the differ-
ences that may exist among different studies,
Cochran’s Q test was used to analyze the differ-
ences among various experiments, and P<0.05
indicated that there was a significant differ-
ence; and based on the differences among
studies, the random-effects and fixed-effects
models were used to analyze the correlation
between gene polymorphisms and breast can-
cer risk. Fixed-effects model assumes that
there were no significant differences among
various results; the random-effects model is
applicable to the studies with significant differ-
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breast cancer (OR=1.34, 95%
Cl: 1.03-1.74, Figure 2). Q19-
2R SNPs analysis showed
that neither RR genotype nor
R allele frequency was corre-
lated with the incidence risk
of breast cancer (Figures 3
and 4).

Publication bias

We strengthened the confi-
dence level in the results by
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Figure 5. Funnel plot for publication bias tests.

ences. Statistical analysis of random-effects
and fixed-effects model specifically referred to
the relevant literatures [13, 14].

Results
Baseline characteristics of included studies

As shown in Figure 1, we retrieved 46 litera-
tures, and excluded 39 literatures for duplicat-
ed publication and other reason. There are 7
literatures [6-11, 14] were selected to perform
meta-analysis finally. These 7 studies included
a total of 4893 cases (including 1902 cases of
breast cancer patients and 2991 cases of
healthy control subjects); all the patients were
consistent to the diagnostic criteria of breast
cancer. Peripheral-blood specimens were used
during the investigations of polymorphism in all
the studies. All the genotypes distributions
were in line with Hardy-Weinberg equilibrium
(HWE). The characteristics of included studies
were shown in Table 1.

Meta-analysis results

For the SNPs analysis of L55M, five documents
were totally included, and Q test showed no
significant differences among the studies.
Correlation analysis showed that M allele fre-
quency was positively correlated with the inci-
dence risk of breast cancer. MM genotype fre-
quency was higher in the case group than that
in the control group (OR=1.74; 95% Cl: 1.46-
2.06; Figure 1). Also, M allele frequency was
positively correlated with the incidence risk of
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oR conducting a publication bias

1oo analysis. The shape of the

funnel plots was symmetrical,

suggesting no evidence of

publication bias among the

studies (Figure 5). The Egger’s test, performed

to provide statistical evidence of funnel plot

asymmetry, indicated a lack of publication bias
in the current meta-analysis (P>0.05).

Sensitivity analysis

Sensitivity analysis was used in this study. The
statistical results show that there is no single
study can significantly influence the results of
the existing analysis.

Discussion

Through the meta-analysis of the published
literatures, we found that the 55M allele but
not 192Q allele in PON1 gene waspositively
correlated with the risk of breast cancer.
Previous studies have shown [15] that, the
changes of 55M allele may reduce the stability
of the PON1 enzyme, thereby reducing the
serum concentration of PON1 enzyme and
ultimately affecting the enzyme activity. The
enzyme activity of LM genotype was between
that of LL gentype and MM genotype. The
studies also showed that the changes of 192R
allele promoted the production of PON1 enzy-
me, thereby enhancing its response to oxidative
stress and lipid peroxide reaction which were
induced by tumor [16]. Therefore, individuals
with MM genotype and QQ genotype were easily
influenced by some external factors (such as
food, etc.), who were more susceptible to breast
cancer, due to the reduced concentration and
activity of PON1 enzyme. However, in the
present study, we did not find Q192R poly-
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morphism associated with breast cancer. This
result was different from the previous two
meta-analysis studies [17, 18]. Saadat et al.’s
meta-analysis included six studies and found
PON1 55M and 192Q alleles are associated
with a higher risk of breast cancer. Liu et al.
found PON1 L55M but not Q192R polymorph-
ism increased breast cancer risk. Our result
was in line with the Liu et al’s.

Previous studies have shown thatthere were
differences among races in the correlation
between polymorphisms and cancer risk. For
example, glutathione-S-transferase T1 (GST T1)
polymorphisms were associated with the in-
creased risk of gastric cancer, which was
limited to Caucasians; the analysis of the
XRCC1 gene polymorphisms showed that
Arg399GIn polymorphism loci were associated
with lung cancer risk, which was only foundin
the Asian population and not suitable for the
people in Western countries.

In conclusion, the present study indicated th-
at L55M polymorohism was associated with
breast cancer. However, due to the small
number of the included studies in the meta-
analysis, we cannot identify the differences
among various ethnics in the correlation
between PON1 polymorphisms and breast
cancer risk, which required a combination of
more research in the future to clarify and
confirm.
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