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Abstract: Purpose: This meta-analysis aims to evaluate the associations between endometriosis risk and the poly-
morphisms of 2350A/G, -240A/T, Alu insertion/deletion (I/D) in angiotensin | converting enzyme (ACE) gene and
4G/5G in plasminogen activator inhibitor-1 (PAI-1) gene. Methods: Studies published until November 2015 were
searched in PubMed, EMBASE, ISI Web of Knowledge, China National Knowledge Infrastructure, and Chinese Bio-
medical Literature Database. The Odds ratio (OR) and 95% confidence interval (Cl) were estimated to assess the
effect. Heterogeneity testing and sensitivity analysis were also performed. Results: A total of 11 studies with 1486
cases and 1598 controls were identified for final analysis. Three polymorphisms were significantly associated with
the risk of endometriosis (ACE 2350A/G: G vs. A: OR = 2.66, 95% CI: 1.29-5.53, P = 0.008; ACE -240A/T: T vs. A:
OR = 1.61, 95% Cl: 1.04-2.48, P = 0.03; PAI-1 4G/5G: 4G vs. 5G: OR = 2.92, 95% Cl: 1.13-7.55, P = 0.027). In
the subgroup analysis by ethnicity, none of the three polymorphisms was associated with the risk of endometriosis
among Caucasian populations. No association was observed between ACE 1/D polymorphism and endometriosis.
Conclusions: ACE 2350A/G, ACE -240A/T, and PAI-1 4G/5G polymorphisms may contribute to endometriosis risk.
Further large-scale and well-designed studies should be conducted to validate these associations.
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Introduction

Endometriosis is characterized by the presence
of endometrial tissue outside the uterine cavi-
ty, mainly on the pelvic peritoneum, ovaries,
and rectovaginal septum. Despite the high
prevalence of endometriosis, its etiology and
pathophysiology remain unclear [1]. Several
theories have been proposed to explain the
pathogenesis of this disease, among which
Sampson’s retrograde menstruation theory is
the most widely accepted. This theory suggests
that endometrial cells implant into the perito-
neum or pelvic organs via reflux through the fal-
lopian tubes during menstruation [2]. However,
retrograde spill of menstrual blood has been
found in 76% of women undergoing laparosco-
py during menstruation, whereas only a small
percentage of women contract this specific dis-
order [3]. This phenomenon indicates that
some other factors may play a significant role in

the pathogenesis of endometriosis. Given that
the endometrial debris needs to implant and
grow in other tissues, the roles of tissue-remod-
eling-related processes, such as angiogenesis
and fibroblast proliferation, in the adhesion,
invasion, and regression of endometriotic
lesions have been stressed in recent studies [4,
5].

The renin-angiotensin system (RAS) is widely
known to regulate blood pressure and fluid bal-
ance [6]. Local RAS also play a role in blood
vessel formation in various tissues, such as the
endometrium and ovary [7]. Angiotensin | con-
verting enzyme (ACE), which catalyzes the con-
version of angiotensin | to angiotensin I, is a
key component of RAS. Several single nucleo-
tide polymorphisms (SNPs) of ACE polymor-
phisms have been investigated in terms of their
potential associations with various illnesses,
especially cardiovascular diseases and cancer
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[8, 9]. The three most studied sites related to
endometriosis are 2350 A/G (rs4343), -240
A/T (rs4291), and 287-bp Alu insertion/dele-
tion (I/D) (rs1799752). To date, the results of
these three variants in the pathogenesis of
endometriosis remain controversial and no
meta-analysis has been published.

Plasminogen activator inhibtor-1 (PAI-1), as an
important element of fibrin formation and deg-
radation, can inhibit the fibrinolytic activity
of tissue-type plasminogen activator, produce
active plasmin, and eventually degrade fibrin
[10]. Evidence has also shown that abnormal
fibrinolytic activity can make endometrial frag-
ments adhere to and invade the surrounding
tissue easily [11]. The guanosine (G) I/D poly-
morphism located upstream of the start cod-
on of PAI-1, which is named -675 4G/5G (rs-
1799768), is an important SNP that can influ-
ence PAI-1 biosynthesis [12]. Several studies
that focused on the relationship between endo-
metriosis and -675 4G/5G polymorphism have
been published; however, the outcomes are
inconsistent.

The relatively small sample size and the inade-
quate statistical power of a single research
indicate that the results of association between
polymorphisms of ACE 2350A/G, ACE-240A/T,
ACE I/D, and PAI-1-675 4G/5G and endometrio-
sis susceptibility may not strong and reliable.
Considering the potential influences on these
four polymorphisms and endometriosis risk, we
performed a meta-analysis of 11 detailed arti-
cles to further evaluate the association of ACE
2350 A/G, 240 A/T, I/D, and PAI-1 4G/5G with
endometriosis susceptibility.

Materials and methods
Literature search

We systematically searched for relevant papers
published before November 2015 in PubMed,
Embase, ISI Web of Knowledge, CBM (Chinese
Biomedical Literature Database), and CNKI
(China National Knowledge Infrastructure) da-
tabases. No restrictions on language, popula-
tion, or sample size were set in this meta-anal-
ysis. The search strategies were based on
the combinations of the following keywords:
(“angiotensin converting enzyme” or “ACE” or
“plasminogen activator inhibitor” or “PAI” or
“serpin peptidase inhibitor clade E” or “SER-
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PINE1") and (“polymorphism” or “variant” or
“mutation”) and “endometriosis”. Additional rel-
evant literatures were obtained from the refer-
ence lists of the relevant articles.

Inclusion and exclusion criteria

Studies were included in this meta-analysis
based on the following criteria: (1) full-text arti-
cles; (2) original case-control or cohort study
evaluating at least one of the ACE 2350A/G,
ACE -240A/T, ACE 1/D, and PAI-1 4G/5G linked
with the risk of endometriosis; (3) sufficient
data to estimate an odds ratio (OR) and 95%
confidence interval (Cl); (4) Chinese articles
were published in Chinese core periodicals;
and (5) no overlapping data. For the studies
with the same authors, only those with the larg-
est sample sizes or the most recent publication
dates were selected to avoid overlapping
patients and controls. Studies were excluded
on the basis of the following criteria: (1) meta-
analysis, letter, review, or editorial article; (2)
study with no control case; (3) studies based on
incomplete or sufficient data, such as deficien-
cy of specific genotype distribution in cases
and controls.

Data extraction

Two investigators (Luyang Zhao and Chenglei
Gu) independently extracted useful data from
each study. Discrepancies were resolved thro-
ugh discussion. The following information was
collected from each of the included studies:
name of the first author, year of publication,
country of origin, ethnicity of descent, number
of subjects, genotype distribution in cases and
controls, source of control, genotype method,
outcomes, and probability (p) value for the
Hardy-Weinberg equilibrium (HWE) test in con-
trols. The authorship and sample sources were
also checked to identify the existence of multi-
ple publications from the same study.

Quality evaluation of the included studies

Newcastle-Ottawa Scale (NOS) was used to
assess the quality of the included studies by
two investigators above mentioned. The NOS
quality score system ranges from zero to nine
stars [13]. The study with scores of seven stars
or greater was categorized as “high quality”;
otherwise, the study was categorized as “low
quality”. Discrepancies were resolved through
discussion.
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Records identified through
English databases searching
(n=47)

Records identified through
Chinese databases searching
(n=36)

|

}

Records after duplicates Removed
(n=29)

|

Title and abstract screened
(n=29)

L

Full text screened
(n=16)

13 were excluded

(n=4) Not about ACE or PAI-1 gene
(n=4) Irrelevant to endometriosis risk
(n=4) Not provide full-text article
(n= 1) Not Chinese core article

v

5 were excluded

(n=3) Review article

(n=1) Only about other polymorphisms
(n= 1) Same authors with duplicated data

Results

Characteristics of the
included studies

Figure 1 presents a det-
ailed flowchart of the inclu-
sion and exclusion process.
A total of 83 citations were
identified in the initial se-
arch. After removing the
duplicates, 54 articles we-
re excluded. After screen-
ing the title and abstract,
14 articles were eliminat-
ed, and the remaining 15
articles were screened in
full texts. Three articles
were then excluded for re-

views [5, 14, 15], and one

Included studies (n=11)
6 studies were available for ACE
5 studies were available for PAI-1

Figure 1. Flow diagram of the study search and selection process.

Statistical analysis

HWE was assessed in the control group by
using x? test for goodness of fit, with P < 0.05
considered as a deviation. OR and 95% Cl were
used to assess the strengths of the associa-
tions between polymorphisms of ACE and PAI-1
and the risk of endometriosis. Five models,
namely allele model, dominant model, reces-
sive model, homozygous model, and heterozy-
gous model, were evaluated. The statistical sig-
nificance (P < 0.05) of the pooled ORs was
determined by Z-test. Heterogeneity was as-
sessed by Q-test and quantified by I? test. When
heterogeneity existed (P < 0.05 or 1> > 50%),
the random effects model (DerSimonian Laird
method) was used; otherwise, the fixed effec-
ts model (Mantel-Haenszel method) was em-
ployed. Subgroup analyses stratified with HWE
in controls (yes or no), ethnicity (Asian or
Caucasian), and NOS quality score (high or low)
were also evaluated in ACE 2350A/G, ACE
-240A/T, and PAI-1 4G/5G polymorphisms.
Sensitivity analysis was performed to assess
the quality and stability of the results. All analy-
ses were conducted by Stata 12.0 (Stata
Corporation, College Station, TX, USA).
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article for only report other
polymorphisms [16]. Fina-
lly, 11 studies [17-27] that
include 1486 cases and
1598 controls were obtai-
ned in this meta-analysis.
The publication year of the included studies
ranged from 2005 to 2014. The surname of the
first author, publication year, country, ethnicity,
sample size, frequencies of various genotypes
in patients and controls, minor allele frequency,
control source, genotype method, HWE in con-
trols, primary outcome, and NOS quality score
for each study are listed in Table 1.

Quantitative data synthesis

Four studies [17, 23, 26, 27] with 619 cases
and 567 controls assessed the association
between ACE 2350A/G polymorphism and
endometriosis susceptibility. The results indi-
cated that ACE 2350A/G polymorphism is
associated with endometriosis risk under all
genetic models (allele model: OR = 2.66, 95%
Cl: 1.29-5.53, P = 0.008; dominant model: OR
= 3.24, 95% CI: 1.31-7.99, P = 0.011; recessi-
ve model: OR = 1.53, 95% Cl: 1.03-2.28, P =
0.034; homozygous model: OR = 1.91, 95% CI:
1.22-2.98, P = 0.004; and heterozygous model:
OR=3.19,95% Cl: 1.23-8.27, P = 0.017; Figure
2). After excluding the study in which the geno-
type distributions in the control groups deviat-
ed from HWE, association was still observed

Int J Clin Exp Med 2016;9(6):10602-10614
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Table 1. The main characteristics and quality of all eligible studies

No Author Year Country Ethnicity Mutation site Case Group Control Group Control - Genotype HWE Outcome NOS
Total 1/1 1/2 2/2 MAF Total 1/1 1/2 2/2 MAF Source method
1 Hsieh 2005 Taiwan Asian ACE2350A/G 150 100 44 6 0419 159 153 5 1 0.02 NR RFLP-PCR  No S 6
1 Hsieh 2005 Taiwan Asian ACE-240A/T 150 65 69 16 0.34 159 100 57 2 0.19 NR RFLP-PCR  No S 6
2 Bedaiwy 2006 Canada Caucasian PAI-14G/5G 75 2 21 52 017 43 24 14 5 0.28 HB PCR Yes S 8
3 Hsieh 2007 Taiwan Asian ACE I/D 125 63 30 32 038 128 13 38 77 0.25 PB RFLP-PCR  No S 5
4 Liu 2008 China Asian ACE-240A/T 78 32 34 12 037 82 46 32 4 024 HB RFLP-PCR  Yes S 8
5 Ramon 2008 Spain Caucasian PAI-1 4G/5G 170 40 98 32 048 219 65 108 46 0.46 HB AS-PCR Yes NS 7
6 Gentilini 2009 ltaly ~ Caucasian PAI-14G/5G 204 59 108 37 045 329 75 165 89 0.48 PB PCR Yes NS 4
7 Lamp 2010 Estonia Caucasian ACE2350A/G 150 41 69 40 050 199 57 99 43 0.46 PB RFLP-PCR  Yes NS 7
7 Lamp 2010 Estonia Caucasian ACE-240A/T 150 63 69 18 0.35 199 83 102 14 0.38 PB RFLP-PCR  Yes NS 7
8 Qian 2010 China Asian PAI-1 4G/5G 75 2 21 52 017 82 46 26 10 0.28 HB PCR-RFLP  Yes S 8
9  Goncalves-filno 2011 Brazil Brazilian* PAI-14G/5G 140 34 52 54 043 148 62 50 36 041 HB PCR-RFLP  No S 7
10 Liu 2014 China Asian ACE2350A/G 78 49 27 2 020 8 714 10 1 o.07 HB RFLP-PCR  Yes S 8
11 Kowalczynska 2014 Poland Caucasian ACE2350A/G 241 76 131 34 041 127 70 46 11 0.27 HB RFLP-PCR  Yes S 4
11 Kowalczynska 2014 Poland Caucasian ACE I/D 241 61 118 62 05 127 44 55 28 0.39 HB PCR Yes NS 4

1, wild-type allele; 2, mutant-type allele; MAF, minor allele frequency; NR, not recorded; HB, hospital-based; PB, population-based; PCR, polymerase chain reaction; AS-PCR, allele-specific PCR; HWE, Hardy-
Weinberg equilibrium; S, significant; NS, not significant; NOS, Newcastle-Ottawa Scale. *Term Brazilian represented Brazilian population.
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Figure 2. Forest plot of ORs for
the association between ACE
2350A/G polymorphism and
susceptibility to endometriosis.
A. Allele model. B. Dominant
model. C. Recessive model. D.
Homozygous model. E. Hetero-
zygous model.

in the allele model (OR
1.77,95% Cl: 1.06-2.95, P
0.030), dominant model (OR
=2.13,95% Cl: 1.31-7.99, P
0.044) and homozygous
model (OR = 1.86, 95% CI:
1.02-3.40, P = 0.042). In
the subgroup analyses, as-
sociation was only observed
among Asian group in the
allele model (OR = 5.57,
95% CI: 1.73-17.91, P =
0.004), dominant model (OR
=6.86, 95% CI: 2.08-22.61,
P = 0.002), homozygous
model (OR = 5.56, 95% CI:
1.12-27.58, P = 0.036) and
heterozygous model (OR =
7.07, 95% Cl: 2.08-24.06, P
= 0.002). In addition, corre-
lation was only found in the
low NOS score group under
the dominant model (OR =
5.56, 95% Cl: 1.17-26.37,
P = 0.031), homozygous
model (OR = 3.30, 95% CI:
1.54-7.09, P = 0.002), and
heterozygous model (OR
=5.63, 95% CI: 1.11-28.7, P
= 0.038). All these results
are listed in Table 2.

Three studies [17, 20, 23]
that include 378 endometri-
osis patients and 281 con-
trols analyzed the associa-
tion between ACE -240A/T
polymorphism and endome-
triosis. The association was
statistically significant un-
der the allele model (OR =
1.61, 95% CI: 1.04-2.48, P
= 0.032, Figure 3A), reces-
sive model (OR =3.29, 95%
Cl: 1.31-8.24, P = 0.011,
Figure 3B), and homozygous
model (OR = 3.90, 95% CI:

Int J Clin Exp Med 2016;9(6):10602-10614
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Table 2. Main results of the pooled data in the meta-analysis of ACE polymorphisms

Allele Model (2 vs. 1)

Dominant model (2/2+1/2

Recessive model (2/2 vs. 1/2

Homozygous model (2/2 vs.

Heterozygous model (1/2 vs.

Variant n vs. 1/1) +1/1) 1/1) /1)
OR [95% CI] Pog 12 (%) OR [95% CI] Pog 12 (%) OR [95% ClI] Poq 12 (%) OR [95% ClI] Pog 12 (%) OR [95% CI] Pog 12 (%)
ACE 2350A/G 2.66[1.29,5.53] 0.008 90.0 3.24[1.31,7.99] 0.011 889 1.53[1.03,2.28] 0.034 0.0 1.91[1.22,2.98] 0.004 39.5 3.19[1.23,8.27] 0.017 88.7
HWE in control
Yes 3 1.77[1.06,295] 0.030 79.1 2.13[1.31,7.99] 0.044 818 1.46[0.97,2.18] 0.067 0.0 1.86[1.02,3.40] 0.042 282 2.07[0.93,4.63] 0.075 82.9
No 1 10.20[4.57,22.78] 0.000 - 12.75 [56.27,30.85] 0.000 - 6.58[0.78,55.34] 0.083 - 9.18[1.09, 77.40] 0.042 13.46 [5.16, 35.12] 0.000 -
Ethnicity
Caucasian 2 147[0.88,2.46] 0.143 812 1.69[0.69,4.15] 0.250 87.0 1.44[0.96,2.17] 0.079 0.0 1.85[0.86,4.00] 0.118 619 1.60[0.60,4.25] 0.344 87.6
Asian 2 5.57[1.73,17.91] 0.004 79.0 6.86[2.08,22.61] 0.002 755 4.03[0.81,19.91] 0.088 0.0 5.56[1.12,27.58] 0.036 0.0 7.07[2.08,24.06] 0.002 73.8
Quality score
High 2 1.79[0.67,4.84] 0.249 931 1.94[0.56,6.76] 0.298 86.6 1.35[0.83,2.18] 0.231 0.0 1.35[0.76,2.40] 0.301 0.0 1.88[0.48,7.36] 0.367 87.8
Low 2 4.25[0.81,22.29] 0.087 85.2 5.56[1.17,26.37] 0.031 90.0 2.29[0.79,6.70] 0.129 271 3.30[1.54,7.09] 0.002 3.8 5.63[1.11,28.70] 0.038 89.3
ACE -240A/T 3 1.61[1.04,2.48] 0.032 739 1.57[0.92,2.67] 0.097 70.8 3.29[1.31,8.24] 0.011 52.3 3.90[1.25,12.16] 0.019 66.6 1.34[0.83,2.18] 0.230 61.6
HWE in control
Yes 2 1.38[0.85,2.25] 0.197 65.7 1.29[0.71,2.35] 0.408 60.8 2.17[1.17,4.06] 0.014 0.0 2.39[0.99,5.78] 0.054 38.2 1.10[0.66,1.85] 0.712 42.8
No 1 214[1.48,3.09] 0.000 - 2.22[1.41,3.50] 0.001 - 9.37 [2.12,41.50] 0.003 - 12.31[2.74,55.31] 0.001 - 1.86[1.16,2.98] 0.009 -
Ethnicity
Caucasian 1 1.11[0.81,1.52] 0.518 - 0.99[0.64,1.52] 0.956 - 1.80[0.87,3.75] 0.115 - 1.69[0.78,3.66] 0.181 0.89[0.57,1.40] 0.614 -
Asian 2 2.02[1.51,2.71] 0.000 0.0 2.08[1.44,3.00] 0.000 0.0 5.18[2.02,13.25] 0.001 3.2 6.63[2.39,18.43] 0.000 13.3 1.74[1.19,2.56] 0.004 0.0
Quality score
High 2 1.38[0.85,2.25] 0.197 65.7 1.29[0.71,2.35] 0.408 60.8 2.17[1.17,4.06] 0.014 0.0 2.39[0.99,5.78] 0.054 38.2 1.10[0.66,1.85] 0.712 42.8
Low 1  214[1.48,3.09] 0.000 - 2.22[1.41,3.50] 0.001 - 9.37[2.12,41.50] 0.003 - 12.31[2.74,55.31] 0.001 1.86[1.16,2.98] 0.009 -
ACE I/D 2 1.95[0.31,12.16] 0.474 98.2 0.54[0.10,2.88] 0.468 952 0.78[0.42,1.43] 0.414 65.8 0.37[0.02,6.57] 0.501 973 0.51[0.06,4.66] 0.552 95.7

Poss P-values of Odds Ratio; HWE, Hardy-Weinberg equilibrium; 1, wild-type allele; 2, mutant-type allele.
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association between the
PAI-1 4G/5G polymorphism
and endometriosis. Asso-
ciation was observed under
the allele model (OR =
2.92, 95% CI: 1.13-7.55, P
= 0.027, Figure 4A), domi-
nant model (OR = 4.15,
95% CI: 1.40-12.26, P =
0.010, Figure 4B), homozy-
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0.021, Figure 4C), and het-
erozygous model (OR =
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= 0.018, Figure 4D). After
excluding the studies in
which the genotype distri-
butions in the control gr-
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the same associations we-
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re observed in the domi-
nant model (OR = 5.48,
95% CI: 1.21-24.76, P =
0.027) and heterozygous
model (OR = 3.35, 95% Cl:
1.09-10.35, P = 0.036).
Subgroup analysis of eth-
nicity showed significant
association in Asian and
Brazilian populations (all P

Weight%
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Figure 3. Forest plot of ORs for the association between ACE -240A/T polymor-
phism and susceptibility to endometriosis. A. Allele model. B. Recessive model.

C. Homozygous model.

1.25-12.16, P = 0.019, Figure 3C). After exclud-
ing one study that deviated from HWE, associa-
tion was only observed in the recessive model
(OR = 2.17, 95% Cl: 1.17-4.06, P = 0.014). In
the subgroup analyses, correlation was only
observed among Asian populations (all P <
0.01). All these results are shown in Table 2.

Two studies [19, 27] that include 366 endome-
triosis patients and 255 controls investigated
the relationship between ACE I/D polymor-
phism and endometriosis susceptibility. No
associations were observed among the five
genetic models (Table 2).

Five studies [18, 21, 22, 24, 25] with 644
cases and 777 controls reported the potential
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T
55.3

< 0.05). When stratified by
NOS, association was ob-
served in both high quality
and low quality groups (all P
< 0.05). These results are
displayed in Table 3.

Heterogeneity and sensitivity analysis

For ACE 2350 A/G polymorphism, heterogene-
ity was observed in the allele model, dominant
model and heterozygous model. For ACE -240
A/T, ACE I/D and PAI-1 4G/5G polymorphisms,
heterogeneity was observed in all genetic mod-
els. To identify the source of heterogeneity, we
conducted subgroup analyses according to
HWE in controls, ethnicity, and quality score.
However, none of them could completely
explain the heterogeneity.

In the sensitivity analysis, we sequentially
removed the eligible studies to assess the influ-
ence of each individual study on the pooled
ORs. The results showed that the pooled ORs
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A Study OR (95% CI) Weight% 240 A/T and PAI-1 4G/5G
: polymorphisms, indicating
Bedaiwy et al (2006) | ——— 12.92 (6.83, 24.44) 19.08 . .
; that the analysis was reli-
Ramdn et al (2008) T 1.08(082,144) 2048 able and robust.
Gentilini et al (2009) — \ 0.74 (0.58, 0.95) 20.57 . .
: Discussion
Qian et al (2010) —— 12.83(7.41,22.19) 1951
Goncalves-filho et al (2011) —o—‘ 1.90 (1.37, 2.65) 20.35 The ACE gene, Wthh |S |O-
; cated on chromosome 179-
Overall (l-squared = 97.2%, p = 0.000) <> 292(1.13,7.55)  100.00 . q
: 23, contains some com-
NOTE: Weights are from random effects analysis mon gene p0|ymorph Isms
that related with many or-

T T
0.0409 1 244

dinary diseases, such as
B swdy ‘ OR(35% 0 Weightse Alzheimer's disease [28],
Bedaiwy et al (2006) ——————— 4611 (1000, 212.55) 16.01 hypertension [29], and vas-
Ramon et al (2008) — 137(087,217) 2253 culitis [30]. Among nearly
Gentil | (2009) 0.73 (0.49, 1.08) 2275 20 common polymorphis-
entilini et a — | . .49, 1.¢ .
3 ms of ACE, 2350 A/G, -240
Qian et al (2010) | ———s——— 4664 (10.71,203.03) 16.39 A/T and I/D are the three
Goncalves-filho et al (2011) —~— 225(136,373) 2233 most studied polymorphi-
Overall (I-squared = 93.2%, p = 0.000) <> 4.15(1.40,12.26)  100.00 sms, which can influence
: ACE serum and plasma lev-
NOTE Weights e o random et ana's g els. Previous studies indi-
T T cated that ACE 2350*G
0.0047 1 213
) and 240*T allele may be
C Study OR (95% C1) Weight% i . i
; associated with an incre-
Bedaiwy et al (2008) 3 —————————— 124.80 (22.58, 689.78) 17.39 ased ACE Concentratlon [9
Ramon et al (2008) - 113(062,208) 2147 31], and DD homozygotes
Gentilini et al (2009) —— 0.53 (0.32, 0.88) 21.66 in ACE l/D polymorphism
; presented approximately
Qian et al (2010) ] ———=——— 119.60(24.90,574.39) 18.00 .
I twice the ACE levels of Il
Goncalves-filho et al (2011) — 2.74(1.51, 4.95) 21.48 homozygotes [32] The ex-
Overall (I-squared = 95.0%, p = 0.000) <> 608(1.31,2811)  100.00 act mechanism by which
| these three SNPs affect the
NOTE: Weights are from random effects analysis ‘ ACE Concentration remains
000145 1 590 unclear. Some investiga-
D Study OR (95% C1) Weight% tors Suggested that certain
) : genotypes may influence
Bedaiwy et al (2006) | ——=———— 18.00(3.66, 88.55) 13.33
; the 3D structure of the tr-
Ramon et al (2008) ——-o—i 1.47 (0.91, 2.38) 2437 anSCFipt and/or ItS enzy_
Gentilini et al (2009) — 0.83(0.55,1.26) 2485 matic activity [33, 34]. Ba-
Qian et al (2010) ——+—— 1858(4.03,85.62) 13.89 SicaI|Y1 high ACE levels can
Goncalves-filh 1(2011) 1.90(1.07,3.36)  23.56 enhance angiOgeneSiS' and
oncalves-filho et al —— 5 .07, 3. X . . . . .
; ACE inhibitors will inhibit
Overall (-squared = 86.0%, p = 0.000) <> 2.69 (1.18,6.14)  100.00 tumor growth [35]_ Consid-
1 ering the similarity to tu-
NOTE: Weights are from random effects analysis mors and the SpeCiﬁC RAS

00113 1 885 system in the endometri-

um, some investigators as-
Figure 4. Forest plot of ORs for the association between PAI-1 4G/5G polymor- sumed that altered ACE
phism and susceptibility to endometriosis. A. Allele model. B. Dominant model.

C. Homozygous model. D. Heterozygous model. polymorphisms may be re-

lated to the development
of endometriosis. To date,
were not qualitatively changed when any single very few reports have focused on the relation-
study was omitted under ACE 2350 A/G, ACE- ship between endometriosis and SNPs. After a
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Table 3. Main results of the pooled data in the meta-analysis PAI-1 4G/5G polymorphism

i i . . Het del (4G/5G
Allele Model (4G vs. 5G) Dominant model (4G/4G+4G/5G Recessive model (4G/4Gvs.  Homozygous model (4G/4G vs eterozygous model (4G/

Variant n vs. 5G/5G) 4G/5G +5G/5G) 5G/5G) vs. 5G/5G)
OR [95% Cl] Por 12 (%) OR [95% CI] Por 12(%) OR[95% CI] Por 12 (%) OR [95% Cl] Por 12 (%) OR [95% CI] Por 12 (%)
Overall 5 292[1.13,756] 0.027 972 4.15[1.40,12.26] 0.010 93.2 2.90[0.91,9.24] 0.072 94.8 6.08[1.32,28.11] 0.021 95.0 2.69[1.18,6.14] 0.018 86.0
HWE in control
Yes 4 3.30[0.93,11.70] 0.065 97.8 5.48[1.21,24.76] 0.027 94.7 3.29[0.68,15.97] 0.139 96.0 8.27[0.95,72.04] 0.057 96.1 3.35[1.09,10.35] 0.036 89.1
No 1 1.90[1.37,2.65] 0.000 - 2.25[1.36,3.73] 0.002 - 1.95[1.18,3.24] 0.010 - 2.74[1.51, 4.95] 0.001 - 1.90[1.07,3.36] 0.028 -
Ethnicity
Caucasian 3 2.07[0.66,6.50] 0.211 97.0 2.65[0.71,9.88] 0.148 93.1 1.88[0.456,7.77] 0.383 94.1  3.28[0.49,22.02] 0.222 94.8 1.97[0.72,5.38] 0.187 86.6
Asian 1 12.83[7.41,22.19] 0.000 - 46.64[10.71,203.03] 0.000 - 16.28[7.14,37.10] 0.000 - 119.60[24.90,574.39] 0.000 - 18.58[4.03,85.62] 0.000 -
Brazilian* 1 1.90[1.37,2.65] 0.000 - 2.25[1.36,3.73] 0.002 - 1.95[1.18,3.24] 0.010 - 2.74[1.51, 4.95] 0.001 - 1.90[1.07,3.36] 0.028 -
Quality score
High 4 4.18[1.33,13.2] 0.015 96.8 7.26[1.86,28.41] 0.004 92.2 4.42[1.13,17.31] 0.033 94.1 12.32[1.88,80.73] 0.009 94.2 4.12[1.49,11.38] 0.01 828
Low 1 0.74[0.58,0.95] 0.017 - 0.73[0.49,1.08] 0.114 - 0.60[0.39,0.92] 0.019 - 0.53[0.32, 0.88] 0.015 - 0.8 3[0.55,1.27] 0.389 -

Py P-values of Odds Ratio; HWE, Hardy-Weinberg equilibrium. *Term Brazilian represented Brazilian population.
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comprehensive search, only six articles with
672 cases and 777 controls are included. The
results indicated that ACE 2350 A/G polymor-
phism is associated with the pathogenesis of
endometriosis up to 3.2-fold risk (dominant
model). The ACE -240 A/T polymorphism also
showed a significant association with endome-
triosis, particularly in TT genotype, which can
increase 2.9-fold endometriosis risk compared
with AA genotype. The OR values of both poly-
morphisms decreased when confined with HWE
in controls; however, P-values still showed sig-
nificant associations. Women with ACE 2350*G
allele presented a 77% increased risk of endo-
metriosis compared with those exhibiting ACE
2350*A allele. Compared with the -240*AA
genotype, the -240*TT genotype increased risk
of endometriosis by 1.1-fold. Subgroup analysis
by ethnicity revealed that the ACE 2350 A/G
and -240 A/T polymorphisms are associated
with the increased risk of endometriosis among
Asian populations only and not in Caucasian
populations. Since only one published articles
focused on Caucasian, a small-study bias may
have arisen from the results in this regard.
Moreover, ACE I/D polymorphism did not show
a positive result. However, this evidence is rela-
tively weak because only two articles meet the
inclusion criteria.

The PAI-1 gene, which is located on human
chromosome 7q21.3-g22, consists of nine
exons and eight introns [36]. Genetic polymor-
phisms in the PAI-1 gene influence the level of
PAI-1 expression [37]. A single G nucleotide |I/D
in PAI-1 gene, named 4G/5G, is the most-stud-
ied polymorphism of the PAI-1 gene. The 4G
allele is more transcriptionally active than the
5G allele because the latter contains an addi-
tional binding site for a repressor [38]. There-
fore, 4G/4G genotype carrier has higher con-
centration of PAI-1 than people carrying 5G.
Overexpression of PAI-1 may result in the im-
pairment of the fibrinolytic system and prone to
endometriosis. Five case-control studies with
644 cases and 821 controls, which were lau-
nched to determine the association between
the PAI-1 4G/5G polymorphism and endome-
triosis risk, were retrieved in this meta-analysis.
Overall, the results indicate a significant asso-
ciation between the PAI-1 4G/5G polymorphism
and increased risk of endometriosis under all
genetic models. The homozygote 4G/4G con-
fers six-fold risk on the susceptibility to endo-
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metriosis compared with the homozygote
5G/5G. Subgroup analysis by ethnicity, deter-
mined significantly increased risks among
Asians and Brazilians but not in Caucasians.

Our meta-analysis results are consistent with
the presumption of previous research. The
present findings also suggest that the studied
polymorphisms may be used as effective sus-
ceptibility markers for endometriosis. However,
some limitations should be considered in inter-
preting such results. First, the most predomi-
nant limitation in this meta-analysis is the obvi-
ous heterogeneity in the overall analysis.
Although the potential sources, including HWE,
ethnicity, and NOS quality score, have been
evaluated separately, these sources cannot
completely explain the heterogeneity. Another
possible explanation suggests that endometri-
osis is a complex disease influenced by the
environment and heredity; some factors such
as menstrual cycle, toxic-exposure history, and
lifestyle may also affect the pathogenesis of
this disease [39]. In addition, endometriosis
can be classified into four stages by revised
classification of the American Fertility Society
(r-AFS) score, which can reflect the severity and
progression of endometriosis. Different stages
of endometriosis can display various features,
and diverse genetic alterations. Moreover,
endometriosis can be classified into peritoneal,
ovarian, deeply infiltrating, and other different
types; each of these types should be consid-
ered a separate entity to consider the possibil-
ity of varied pathogenesis [40]. All these differ-
ences, which lack detailed information or
cannot be quantified, can partially contribute to
heterogeneity. Second, studies that focused on
the four selected SNPs and endometriosis are
limited and the sample sizes are relatively
small, indicating that small trials bias may
occurred. Third, our meta-analysis did not focus
on the genetic linkages and haplotypes of
endometriosis due to insufficient information.
Fourth, some selection biases may have been
caused by the inclusion of only English and
Chinese articles, as well as only Asian, Cau-
casian, and Brazilian subjects. Other ethnici-
ties, particularly African populations, should
also be considered. Therefore, further large-
scale and well-designed studies should be con-
ducted to validate these associations to ac-
hieve a comprehensive understanding of their
possible roles in endometriosis.
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To date, several genome-wide association
(GWA) studies that focused on patients with
endometriosis have been published. Many sus-
ceptible polymorphisms in several related ge-
nes, such as NFE2L3, CDKN2BAS, ID4, and
WNT4, have been revealed [41-44]. To our best
knowledge, we believe that no SNP association
between ACE gene and PAI-1 gene and endo-
metriosis was revealed. Thus, future elaborate
GWA studies should be expected to reveal the
association between the polymorphisms in ACE
and PAI-1 and endometriosis risk.

In conclusion, this meta-analysis is the first to
investigate the association between endome-
triosis and polymorphisms of ACE and PAI-1.
The results presented evidence for the associa-
tion of ACE 2350 A/G and ACE-240 A/T poly-
morphisms with endometriosis risk, particularly
in Asian population. The findings also indicated
that PAI-1 4G/5G polymorphism may play
important roles in the pathogenesis of endome-
triosis, particularly in Asian and Brazilian popu-
lations. Further larger-cohorts studies with
respect to disease stages, environmental expo-
sure, endometriosis type and other factors that
may alter the heterogeneity should be conduct-
ed to validate these associations. Such investi-
gations may finally lead to a comprehensive
understanding of their possible roles in the
endometriosis development.
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