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Summary

Published data on the association between the vascular endothelial growth factor (VEGF) gene —460C/T (rs833061),
+405G/C (r52010963), +936T/C (rs3025039) polymorphisms and endometriosis risk are inconclusive. Eleven eligible
case-control studies including 2690 cases and 2803 controls were included in this meta-analysis through searching
the databases of PubMed and CBMdisc (up to August 1, 2011). In the overall analysis, no significant association between
the —460C/T and 4+405G/C polymorphisms and risk of endometriosis was observed. However, significant associations
were observed between endometriosis risk and VEGF 4936T polymorphism with summarized odds ratio of 1.19
(95%Cl, 1.02-1.37), 1.18 (95%CI, 1.03-1.37), 1.15 (95%CI, 1.01-1.30) for CT versus CC genotype, dominant mode
(CT/TT vs. CC) and allele comparison (T vs. C), respectively. Furthermore, stratified analysis showed that significantly
strong association between +936T/C polymorphism and endometriosis was present only in stage III-IV (OR = 1.32 for
dominant mode; OR = 1.30 for T vs. C), but not in stage I-II. However, no significantly increased risk of endometriosis
was found in any of the genetic models in Asians or in Caucasians. This meta-analysis supports that VEGF +936T/C
polymorphism is capable of causing endometriosis susceptibility.
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Introduction

Endometriosis is a common gynecological disease defined which is associated with both pelvic pain and infertility. Up

by the presence of ectopic endometrial glands and stroma, to 10% of women of reproductive age may be affected. It

is a multifactorial and polygenic disease in which angiogen-
esis may be implicated (Shifren et al., 1996; Donnez et al.,
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2007). Endometrial angiogenesis is promoted by numerous
inducers and growth factors, including vascular endothelial
growth factor (VEGF). VEGF increases vascular permeabil-
ity and induces endothelial cell proliferation, migration, dif-
ferentiation and capillary formation (Ferrara, 2004). Several
studies have investigated and observed that VEGF mRNA
and protein levels were significantly higher in women with
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endometriosis (Donnez et al., 1998; Di Carlo et al., 2009),
which supported a key role for VEGF in the pathological
angiogenesis in endometriosis (Shifren et al., 1996; Kupker
et al., 1998; Fasciani et al., 2000; Tan et al., 2002; Khan et al.,
2003; Matalliotakis et al., 2003; Gilabert-Estelles et al., 2007).
After the attachment of endometrial cells, high VEGF levels
could provoke an increase in the subperitoneal vascular net-
work and facilitate implantation and viability of endometrial
cells (Donnez et al., 1998). Moreover, it has been demon-
strated that anti-human VEGF antibody could effectively in-
terfere with the maintenance and growth of endometriosis by
inhibiting angiogenesis in a nude mouse model (Nap et al.,
2004).

The human VEGF gene is located on Chromosome 6p21.3
(Vincenti et al.,, 1996) and consists of eight exons exhibit-
ing alternate splicing which results in a family of proteins
(Tischer et al.,, 1991). Several transcription factor-binding
sites are found in the VEGF 5'-untranslated region (5'-UTR)
and variation within the region increases the transcriptional
activity (Fukumura et al., 1998; Lambrechts et al., 2003).
Three functional VEGF polymorphisms in 5 or 3’-UTR [~
460C/T (rs833061), +405G/C (rs2010963) and 4+936T/C
(rs3025039)] have been found to be associated with variation
in VEGF protein production (Renner et al., 2000; Watson
et al., 2000) and have been related to several diseases in which
angiogenesis is involved (Krippl et al., 2003; Lin et al., 2003;
Lee et al., 2005). Up to now, a number of molecular epi-
demiological studies have been conducted to examine the
association between VEGF —460C/T, +405G/C, +936T/C
polymorphisms and risk of endometriosis in diverse popula-
tions (Hsieh et al., 2004; Bhanoori et al., 2005; Kim et al.,
2005; Ikuhashi et al., 2007; Gentilini et al., 2008; Kim et al.,
2008; Zhao et al., 2008; Cosin et al., 2009; Liu et al., 2009;
Attar et al., 2010; Lamp et al., 2010; Altinkaya et al., 2011),
however, there is no conclusive result available. This discrep-
ancy exists partially because of the possible small effect of the
polymorphism on endometriosis risk and the relatively small
sample size in each of the published studies. Therefore we per-
formed this meta-analysis to derive a more precise estimation
of these associations. The goal of this study is to pool together
data from multiple investigations, to analyze the heterogeneity
among different investigations and to derive a more precise
estimation of these associations.

Materials and Methods

Identification of Relevant Studies and Eligibility
Criteria

The databases of PubMed and CBMdisc (Chinese Biomedical
Literature Database) were retrieved up to August 1, 2011. The
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tollowing key words were used: ““(vascular endothelial growth
factor or VEGF) and (polymorphism or polymorphisms) and
endometriosis”. Additional studies were identified by a hand
search of references of original or review articles on this topic.
Studies included in our meta-analysis had to meet all of the
following criteria: (i) studied in humans; (i) using a case-
control study design; and (iii) had detailed genotype frequency
of cases and controls or could be calculated from the article
text. If more than one article was published using the same
case series, the study with the largest sample size or providing
more detail information was selected. In this study, data for
meta-analysis were available from 11 studies, including 2690
cases and 2803 controls.

Data Extraction

Information was carefully extracted from all eligible publi-
cations independently by two investigators (Shaohua Xu and
Wei Wu) according to the pre-specified selection criteria.
Disagreement was resolved by discussion with co-authors.
The following information from each study was extracted for
analysis: first author’s name, year of publication, country of
origin, ethnicity, total number of cases and controls, distribu-
tion of genotypes and Hardy-Weinberg equilibrium (HWE).
Different ethnicity was categorized as Asian and Caucasian.

Statistical Analysis

The risk of endometriosis associated with the three polymor-
phisms of the VEGF gene was estimated for each study by
odds ratio (OR), together with its 95% confidence interval
(CI), respectively. Heterogeneity assumption was checked by
the x2-based Q-test and was regarded to indicate significance
for P < 0.05 (Lau et al., 1997). A fixed-effect model using
the Mantel-Haenszel method and a random-effects model
using the DerSimonian and Laird method were used to com-
bine values from studies. These two models provide similar
results when heterogeneity between studies is absent; other-
wise, the random-effects model is more appropriate (Mantel
& Haenszel, 1959; DerSimonian & Laird, 1986). We first es-
timated the risks of the heterozygote and variant homozygote
compared with the wild-type homozygote, respectively, and
then evaluated the risks of the combined variant homozygote
and heterozygote versus the wild-type homozygote, and the
variant homozygote versus the combined heterozygote and
wild-type homozygote, assuming dominant and recessive ef-
fects of the variant allele, respectively. Meta regression was
used to illustrate potential reasons of between-study hetero-
geneity. Egger’s test and inverted funnel plots were utilized
to provide a diagnosis of publication bias (linear regression
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asymmetry test) (Egger et al.,, 1997). All analyses were per-
formed using Stata version 9.2 software (Stata, College Sta-
tion, TX). All statistical evaluations were made assuming a
two-sided test with a significance level of 0.05, unless stated
otherwise.

Results

Study Characteristics

Through the literature search and selection based on inclusion
criteria, 11 articles were identified by reviewing potentially
relevant articles (Hsieh et al., 2004; Bhanoori et al., 2005; Kim
et al., 2005; Ikuhashi et al., 2007; Zhao et al., 2008; Cosin et
al., 2009; Liu et al., 2009; Attar et al., 2010; Lamp et al., 2010;
Altinkaya et al., 2011). The characteristics of the selected
studies are listed in Table 1. Among the included articles, the
distribution of genotypes in the controls was consistent with
the HWE for all selected studies, except for two studies for
—460C/T (Hsieh et al., 2004; Attar et al., 2010), and one
study for +405G/C (Kim et al., 2005). Publication dates
ranged from 2004 to 2011. The number of cases included in
the studies varied from 52 to 958, with a mean of 245, and
the number of controls varied from 60 to 959, with a mean
of 255.

Meta-Analysis Results

The evaluation of the association between VEGF —460C/T,
+405G/C, +936T/C polymorphisms and endometriosis risk
are presented in Tables 2, 3 and 4. In the overall analysis, we
found no evidence for association between endometriosis and
the VEGF polymorphism —460C/T or +405G/C in any
of the genetic models (Tables 2, 3, Figs S1, S2). However,
a significantly elevated association between the 4936T/C
polymorphism and endometriosis was found in three genetic
models (CT vs. CC: OR = 1.19, 95% CI, 1.02-1.37, P =
0.391 for the heterogeneity test; CT/TT vs. CC: OR = 1.18,
95% CI, 1.03-1.37, P = 0.244 for the heterogeneity test; T
vs. C: OR = 1.15, 95% CI, 1.01-1.30, P = 0.174 for the
heterogeneity test; Table 4, Fig. S3).

The association between the three polymorphisms and en-
dometriosis was further stratified by ethnicity. When tested
individually in each ethnic group, there is no association
(Tables 2—4). Additionally, we stratified disease stage of the
case group. The stratified analysis showed that the +936T/C
polymorphism was associated with a significant increase in
the risk of stage III-IV endometriosis in dominant model and
T versus C allele genetic models (dominant model, CT/TT
vs. CC: OR, 1.32; 95% CI, 1.04-1.66; P = 0.103 for the
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heterogeneity test and T vs. C: OR,, 1.30; 95% CI, 1.06—1.58;
P = 0.082 for the heterogeneity test).

Publication Bias

Begg’s funnel plot and Egger’s test were performed to assess the
publication bias of the literature. The shape of the funnel plot
did not reveal any evidence of obvious asymmetry (Fig. S4).
Then, the Egger’s test was used to provide statistical evidence
of funnel plot symmetry. The results still did not suggest any
evidence of publication bias (—460C/T: P = 0.60 for TC vs.
TT and dominant model, P = 0.23 for CC vs. TT, P = 0.07
with recessive model and P = 0.47 for C vs. T; +405G/C:
P = 0.27 for CG vs. CC and dominant model, P = 0.39 for
GG vs. CC, P =0.90 with recessive model and P = 0.47 for T
vs. C; +4936T/C: P=0.46 for CT vs. CC, TT vs. CC, dom-
inant model and recessive model and P = 0.81 for T vs. C).

Discussion

The present meta-analysis, including 2690 cases and 2803
controls, explored the association between the VEGF
—460C/T, +405G/C, 4936T/C polymorphisms and en-
dometriosis risk. In the overall analysis, no significant associ-
ation was observed between the —460C/T and 4+405G/C
polymorphisms and risk of developing endometriosis. By
contrast, a significant association was found between the
4+936T/C polymorphism and the risk of developing en-
dometriosis in CT versus CC, CT/TT versus CC and T
versus C genetic models. Stratified analysis showed that signif-
icantly strong association between +936T/C polymorphism
and endometriosis was present only in stage III-IV (OR =
1.32 for dominant mode; OR = 1.30 for T vs. C allele), but
not in stage I-II disease. However, no significantly increased
risk of endometriosis was found in any of the genetic mod-
els in Asian or in Caucasian subjects. Our results indicate that
the VEGF +936T allele is a genetic risk factor for developing
endometriosis, especially for stage III-IV disease.

VEGEF is an endothelial cell-specific angiogenic protein that
appears to play an important role in a variety of oestrogen tar-
get tissues in regulating endometrial angiogenesis at a local
level (Girling & Rogers, 2005). VEGF gene is a promising
candidate gene that appears to play a key role in the pathogen-
esis of endometriosis, as increased VEGF mRINA expression
and elevated protein levels in peritoneal fluid and serum of en-
dometriosis patients have been reported (Donnez et al., 1998;
Fasciani et al., 2000; Mahnke et al., 2000; McLaren, 2000;
Gilabert-Estelles et al., 2007; D1 Carlo et al., 2009). Polymor-
phisms in VEGF have been reported to have an effect on the
regulation of gene expression that results in altered levels of’
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-l g © polymorphism and endometriosis was different from ours.
g 5 B . . T .
== 2 Q S ° N 2 & Cumulative analysis clearly states less likelihood of finding no
&~ = = e] .. .
£ S 2 s = = =) 2 overall association as reported by Zhao et al. Inclusion of few
= . o3 recent studies in our meta-analysis could be responsible for
= PN [P o )~ L y P
oS ol e RO = B RagRD . . . .
2 C&O|Z8h ITZeSzsR - ZxZ2a ;;L z the differences in the overall inference.
% o § Some limitations of this meta-analysis should be acknowl-
s ) L .
8‘ = 2 = £ edged. First, in the ethnic subgroup analyses, the number of
= S S . .
= s each subgroup was relatively small, not having enough sta-
§ . - 1= 2 2 ] Q g g tistical power to explore the real association. Second, our
S <l @ = e < = . . .
+10 Tl S s S s = results were based on unadjusted estimates, while a more pre-
é ~ “ — - “ - 5 é cise analysis should be conducted if all individual data were
= Y
3 ol d < e = B g, . . .
§ ~ = o = e = %* E available, which would allow for the adjustment by other
& ‘ | | ‘ ‘ 5 2 co-variants including age, body mass index, smoking status,
= :: = % o ¥ a a o« = . . . . . .
B8 & 05 288 2gFz8Y 98N § 8SCl.E & drinking status and other lifestyle factors. Third, publication
=~ = e - T o e T o 5] . . . .
8 i < bias, which can occur when studies with null or unexpected
@ o - - )
Zl.2 g 8 results are not published, is of concern. Therefore, we can’t
I "J: [T} ] ) [ «© 05)0 13} . X K X X
=& o' 5 exclude the effect of potential publication bias on this meta-
< [T .
s %W > 28 analysis.
-~ o E g5 < 5 8 In conclusion, this meta-analysis suggests that the VEGF
) g g " i . . . ..
= ~ 2 8 E 2y & < = 4+936T polymorphism is capable of causing endometriosis
2 i R S g s b 2 - ) )
H S il av < = S susceptibility. It is necessary to conduct large sample studies
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using standardized unbiased genotyping methods, homoge-
neous patients with endometriosis and well-matched controls.
Additionally, concerning endometriosis with multifactorial
etiology, more studies or complete case-control studies, espe-
cially stratified by different ethnic background, environmental
exposure or other risk factors, should be performed to clarify
possible roles of VEGF polymorphism in the pathogenesis of
endometriosis in the future.
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