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A microRNA-520 mirSNP at the MMP2 gene
influences susceptibility to endometriosis
in Chinese women

Eing-Mei Tsai1,2, Yung-Song Wang3, Chang-Shen Lin2, Wen-Yin Lin3, Edward Hsi2,4,
Ming-Tsang Wu5,6 and Suh-Hang H Juo4,5

The MMP2 gene has been implicated in the pathogenesis of endometriosis. We investigated the role and function of

single-nucleotide polymorphisms (SNP) of MMP2 in relation to endometriosis. First a case–control study was conducted

and 17 SNPs were examined in 211 patients and 344 controls. Regression analysis was used to evaluate the genetic effect.

We used reporter assay to validate the functional consequences of the significant SNP. Two SNPs (rs243832 and rs7201)

had P-values o0.05 and they are in strong linkage disequilibrium (D0 ¼0.96 and r2¼0.47). Further analysis showed that

rs7201 but not rs246832 was an independent risk factor and the risk C allele of rs7201 had an odds ratio (OR) of 1.88

(P¼0.004). SNP rs7201 is located at the 30-untranslated region and is predicted to be within the microRNA-520g binding

site. The reporter assay for rs7201 showed that the risk C allele had a higher expression level than the A allele (P¼0.027).

Using microRNA-520g mimic and inhibitor, the results indicated that the A allele but not the risk C allele can be regulated

by microRNA-520g. The C allele of SNP rs7201 increases a risk for endometriosis because of out of regulation by

microRNA-520g.
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INTRODUCTION

Endometriosis is a common gynecological disorder. The disease is
characterized by the presence of endometrial glands and stroma
outside their normal locations. Symptoms associated with endome-
triosis include dysmenorrhea, dyspareunia, non-cyclic pelvic pain and
infertility. A growing body of evidence indicates that genetic factors
influence susceptibility to the disease1,2 and several genetic
polymorphisms have been implicated for the risk of this disease.3

Several steps have been implicated for the development of
endometriosis, which include retrograde menstruation, attachment
of endometrial fragments to the epithelium of the peritoneum,
invasion of the epithelium, establishment of a blood supply and
generation of a suboptimum immune response that does not
adequately clear the implants.4

Proteolytic activity of cell–surface proteins and extracellular matrix
has a pivotal role in the biological process of menstruation
and pathological process in the development of endometriosis. The
process of cell migration or invasion is associated with the degrada-
tion and reconstruction of the surrounding microenvironment
that consists of extracellular matrix components. The matrix

metalloproteinases (MMPs) are a broad family of zinc-binding
endopeptidases that are responsible for the degradation of extra-
cellular matrix components in several organs/systems including
female reproductive system.5 It was also shown that endometrial
stromal cells secrete several MMPs, including MMP2.6,7 The uterine
endometrium from women with endometriosis expresses a higher
level of MMP2.6,7 Accumulating evidence suggests that MMP2 is
involved in the formation of endometriosis.6–10

This study aimed to test for an association between polymor-
phisms of the MMP2 gene and to elucidate the underlying
molecular mechanism of genetic variation in relation to endome-
triosis. We first used tagging single-nucleotide polymorphisms
(tSNPs) plus a known functional SNP to evaluate systematically
the association between the MMP2 gene and the disease.
As genetic association studies are subject to a type I error, we further
conducted a series of functional studies to support the statistical
result from the association study. This study illustrated that
microRNA-520g (miR-520g) and SNP rs7201 has a pivotal role in
the regulation of MMP2 expression, which in turn confers risk for
endometriosis.
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MATERIALS AND METHODS

Genetic association study

Subjects. The study was approved by the Kaohsiung Medical University

Hospital (KMUH) Institutional Review Board. All participants gave the

informed consent. For the endometriosis cases, we only included the patients

who underwent laparotomy or laparoscopy at KMUH and had pathological

confirmation of the disease. All the cases were recruited from the Department

of Obstetrics and Gynecology at the KMUH in Taiwan.

We compared the cases with two different control groups: sources 1 and 2.

Source 1 included the normal controls who had regular menstruation, did not

have any evidence of endometriosis by sonography and had no history of

gynecological tumors upon enrollment. The controls from source 2 were

recruited from communities. The details of the ascertainment scheme were

described elsewhere.11 In brief, the subjects were the participants in

community-based Pap smear screening projects.12,13 An eligible control in

this study did not have any of the following conditions: infertility,

dysmenorrhea, hypermenorrhea, irregular menstruation, surgical history for

any obstetrical diseases, previously diagnosed endometriosis or adenomyosis.

Owing to insufficient DNA samples, some of the controls used in our

previous studies11,14 were not included in this study. All cases and controls

are Chinese descents.

SNP selection and genotyping. One commonly studied functional polymorph-

ism (�1306 C/T, rs243865)15 and 16 tSNPs selected from the HapMap Project

(http: //www.hapmap.org/) were genotyped in this study. All tSNPs have the

minor allele frequency X10% in the Han Chinese population based on the

HapMap database (www.hapmap.org). Some tSNPs indicated by the HapMap

Project were replaced by our previously genotyped SNPs16 that were in

strong linkage disequilibrium (r2X0.8) with the indicated tSNPs. Genotyping

was carried out by using the TaqMan technology (Applied Biosystems, Foster

City, CA, USA).

Statistical analysis. A goodness-of-fit w2 test was used to test for Hardy–

Weinberg equilibrium (HWE) in the controls. We compared the mean of age,

body mass index and parity between cases and controls. Because these three

variables may also be associated with disease risk, they were included in the

multivariate regression models. To account for multiple testing, we also

performed family-wise permutation to obtain an empirical P-value. In this

study, we used the minP permutation procedure to calculate the empirical

P-values. This is a distribution-free statistic, which uses random label swapping

to generate the null distribution in our population. The null distribution was

obtained from the following steps: (1) swapping refractive errors randomly

among all study subjects; (2) performing w2 test (or Fisher’s test if a cell

contains four or fewer samples) on the permuted data to obtain the minimal

P-value of each run; and (3) repeating steps 1 and 2 to obtain 10 000

permutations. The empirical P-values for each genotype were calculated by the

following formula: (Rþ 1)/(Nþ 1). R is the number of runs in which the

minimal P-value is less than the observed; N is the number of permutations.

Odds ratio (OR) was calculated to assess the genetic effect. All quantitative

data are presented as mean±standard deviation (s.d.). Statistical analyses were

performed with the SPSS statistical software (version 12.0, SPSS Inc., Chicago,

IL, USA). The Hap-Clustering program17 was used for haplotype analyses with

adjustment for the three covariates.

Functional study

Reporter assay to assess the differential allelic effect on gene expression. A

genomic DNA segment of 1004bp that includes rs7201 was amplified using

polymerase chain reaction (PCR) with the forward primer of 50-AAAA
AGCTTGGAAGCATCAAATCCGACTG-30 and reverse primer of 50-AAAGGA
TCCGCTTACTCTCCCTGAGGTTCTC-30. The DNA segment was subcloned

into the downstream (HindIII/BamHI sites) of the green fluorescent protein

(GFP)-expressing vector, pEGFP-C1 (Clontech, Mountain View, CA, USA).

Two reporter constructs were created. One construct carries the A allele and

was designated as pEGFP-A, and the other carries C allele and was designated

as pEGFP-C. The constructs were confirmed by DNA sequencing. Transient

cotransfection was performed with 1mg of each construct and 1mg of pDsRed

(Promega, Madison, WI, USA) using Lipofectamine 2000 (Invitrogen,

Carlsbad, CA, USA). The reporter assay was tested in the three endometrial

cancer cell lines (RL95-2, HEC-1A and HEC1B) and one lung cancer

cell line (H1299). pDsRed was used to calibrate the transfection efficiency.

After 48h, the GFP and DsRed signals were determined using a fluorometer

(BioTek FLx800, Winooski, VT, USA). The GFP signal was detected as green

(G) fluorescence and DsRed red (R) fluorescence, and we compared the

ratio of G/R from each of the two reporter constructs. Each experiment

was independently performed three times and each sample was studied in

triplicates in each experiment. Statistical analysis was performed with the

Mann–Whitney U-test with a two-side P-value p5% as significance.

Immunohistochemical stain. We used the immunohistochemical (IHC) stain

for pathological specimens from 24 cases with severe endometriosis (stages III

and IV) according to the revised American Society for Reproductive Medicine

(Re-ASRM). The technician who conducted the IHC experiment was blind to

the clinical and genetic information. Each tissue specimen was routinely

embedded in paraffin wax after 10% formalin fixation, and cut into 4-mm-

thick section for MMP2 immunostaining. In brief, sections were deparaffinized

and rehydrated. Endogenous peroxidase in the section was soaked in absolute

methanol containing 3% hydrogen peroxide. After washing with Tris buffer

solution, sections were incubated with the anti-MMP2 primary antibody.

Sections were subsequently incubated with biotin-conjugated goat anti-mouse

immunoglobulin G and avidin–biotin–peroxidase complex. Finally, the

sections were incubated with 0.05% 3,30-diaminobenzidine tetrahydrochloride

(DAKO Cytomaion liquid DABþ Substrate chromogen System, DAKO Syto-

mation Inc., Carpinteria, CA, USA), followed by counterstained with Mayer’s

hematoxylin and mounted with Histomount (Invitrogen). Antigen retrieval

was carried out. Negative controls were obtained by replacing the primary

antibody with non-immune serum, and the positive control sample was breast

carcinoma.

The MMP2 IHC stain has species specificity, which means it only reacts

with human MMP2 but does not react with mouse and rat.

The MMP2 IHC stain was evaluated by the semiquantitative score system:

0 indicating that the sample was not immunoreactive in the endometriotic

cells; 1, 2, 3 and 4 indicating 1–25%, 26–50%, 51–75% and 475%

immunoreactivity in the endometriotic cells, respectively. A positive stain

was defined as a score X3.

Measure endogenous miRNA in the cell lines. Three cell lines (H1299, RL95-2

and HEC-1A) were used to investigate miR-520g effect. First of all, we used the

quantitative real-time PCR to measure the endogenous miR-520g levels. The

microRNA Isolation Kit (mirVana; Applied Biosystems) was used to extract

total RNA that also contains small RNAs. The TaqMan MicroRNA Reverse

Transcription Kit (Applied Biosystems) was used to convert microRNA to

cDNA. Quantitative real-time PCR was performed on the ABI PRIZM 7500

sequence detection system (Applied Biosystems). The typical amplification

program was carried out in a 20ml reaction and real-time PCR results were

analyzed using the ABI PRISM 7500 SDS software (Applied Biosystems). Each

experiment was independently performed three times and each sample was

studied in triplicates in each experiment. The Mann–Whitney U-test was used

for statistical analysis with a two-side P-value p5% as significance.

pEGFP-rs7201 reporter assay for differential knockdown effect by miR-520g. In

all, 50 and 100 nM of miR-520g mimic (pre-miR miRNA precursor molecule;

Ambion-Life Technologies, Carlsbad, CA, USA) were transfected along with

1mg of reporter construct and 1mg of pDsRed to the HEC-1A cells using the

Lipofectamine 2000 reagent (Invitrogen). Similarly, the HEC-1A cells were

transiently transfected with 50 and 100 nM of antagomiR-520g (Anti-miR

miRNA Inhibitor; Ambion) and a negative control RNA (Ambion), respec-

tively. miR-520g mimic is a synthetic RNA duplex and it acts as a mimic of

naturally occurring miR-520g upon delivering into cells. AntagomiR-520g is a

chemically engineered oligonucleotide to silence endogenous miR-520g. After

48h, the GFP and DsRed signals were detected to determine the effects of miR-

520g mimic and antagomiR-520g on the two reporter constructs. The results

were analyzed using the Mann–Whitney U-test.
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MMP2 gene is silenced by miR-520g. The effects of miR-520g mimic on

MMP2 mRNA and protein expression were also evaluated in the primary

endometrial stromal cells. The primary stromal cells were obtained from an

endometriosis patient who carries the AA genotype at SNP rs7201. The stromal

cells were grown in the Dulbecco’s modified Eagle’s medium/F12 medium

supplemented with 10% fetal bovine serum. Cells between passages 3 and 6

were applied for the experiments. By using 5ml siPort NeoFx (Ambion)

reagent, concentrations of 30, 60 and 120nM of miR-520g mimic were

transfected into the stromal cells for 48h. Quantification of MMP2 mRNA

was conducted using High Capacity cDNA Reverse Transcription kit (Applied

Biosystems) with random primers, 0.5mg total RNA and the MultiScribe

Reverse Transcripase according to the protocol. Gene-specific PCR primers and

TaqMan probes for human MMP2 (ABI ID number: Hs01548731_m1) were

from the Applied Biosystems. MMP2 mRNA expression was normalized to

glyceraldehyde-3-phosphate dehydrogenase as an internal control. The protein

extracts from the cultured stromal cells were determined by the western blot

analysis. Equal amounts of protein were subjected to sodium dodecyl sulfate-

polyacrylamide gel electrophoresis. A standard western blot analysis was

conducted using MMP2 propeptide antibody (1:500 dilution; Santa Cruz

Biotechnology, Santa Cruz, CA, USA). b-Actin antibody (1:5000 dilution; Cell

Signaling, Beverly, MA, USA) was used as a loading control.

Function prediction
Microcosm Targets version 5 database (http://www.ebi.ac.uk/enright-srv/

microcosm, accessed in March 2010) was used to predict target genes of

miR-520g. GeneOntology enrichment analysis was carried out using the

MetaCore Pathways Analysis (GeneGo, Encinitas, CA, USA) by uploading

the data set of predicted target genes to the MetaCore server. Target genes that

were not expressed in the uterus were excluded from the MetaCore analysis.

Enrichment analysis identified the most significant biological processes based

on the uploaded target genes.

RESULTS

Demographic data
This study included a total of 211 women with endometriosis, and
126 hospital-based and 218 community-based controls. According to
Re-ASRM, 179 patients with endometriosis were in stages III and IV
and 32 in stages I and II.

SNP and endometriosis
A total of 17 SNPs were selected for genotyping. Two SNPs are in
exons (rs1053605 synonymous SNP, and rs243849 synonymous SNP),
one SNP is in the 30-untranslated region (UTR) (rs7201) and the rest
SNPs are in the non-coding regions. All SNPs were in HWE except
SNP rs9302671 (HW P-value¼ 0.00035), and this SNP was not
included for further genetic analyses. Based on w2 or Fisher’s exact
tests, only two SNPs had P-values o0.05: rs243832 (P¼ 0.045 for the
overall genetic effect and P¼ 0.017 for the comparison between CC
and GG genotypes) and rs7201 (P¼ 0.014 for the overall genetic effect
and the OR for AC was 1.88 with the P¼ 0.004 for the comparison
between AC and AA genotypes) (Table 1). The family-wise permuta-
tion was conducted to adjust for multiple testing and the empirical
P-value for the AC genotype of SNP rs7201 was 0.047. Rs243832 and
rs7201 SNPs are located in the same block with the D0 ¼ 0.96 and
r2¼ 0.47 (Figure 1). When both SNPs were included in the regression
model, only SNP rs7201 remained significant. We also used these two
SNPs (rs243832 and rs7201) for the haplotype analysis and the result
yielded a global P-value of 0.045.
As MMP2 has been reported to be more related to severe

endometriosis,10 we also analyzed 179 severe cases who were in
Re-ASRM stage III or IV. The results for SNP rs243832 and rs7201
were less significant than those from all the cases (data not shown).

Therefore, the association between MMP2 SNPs and endometriosis is
not only restricted to the severe cases.

SNP rs7201 influences gene expression
Our statistical results suggest that SNP rs7201 was significantly
associated with endometriosis. Because this SNP is located at
30-UTR, we first conducted a reporter gene assay to test whether this
SNP can influence gene expression levels. If so, we would further test
whether this SNP could influence a microRNA binding. First, we
compared GFP expression between two reporter constructs (pEGFP-A
and pEGFP-C). GFP expression was found to be significantly higher
for the pEGFP-C construct (G/R value was 2.30 for pEGFP-C and
1.62 for pEGFP-A, P¼ 0.027 by Mann–Whitney U-test) transfected to
the H1299 cell line. That is, the C allele yields a higher protein
production than the A allele by 1.42-fold. Similarly, higher GFP
expression for the pEGFP-C than pEGFP-A construct was shown in
other three endometrial cancer cell lines: G/R ratio in the RL95-2 cell
line was 1.99 for pEGFP-C and 1.78 for pEGFP-A; in the HEC-1A cell
line was 1.89 for pEGFP-C and 1.73 for pEGFP-A; and in the HEC1B
cell line was 1.90 for pEGFP-C and 1.33 for pEGFP-A.

MMP2 expression in different genotypes
We measured MMP2 expression in the endometrial samples from 24
patients with severe endometriosis. The number of subjects in the AA,
AC and CC genotypes of SNP rs7201 was 16, 6 and 2 CC, respectively
(Table 2). The P-value from the Mann–Whitney U-test was 0.027 for
comparison between positive and negative IHC stains among three
genotypes (Table 2). The CC subjects had higher mean IHC score and
positive IHC stain, followed by the AC subjects and then AA subjects.

Endogenous miRNA-520g in the cell lines
Given that SNP rs7201 could influence gene expression, we searched
for putative microRNAs that were predicted to bind to this locus.
Using the bioinformatics database (http://mirnamap.mbc.nctu.
edu.tw/ and http://www.microrna.org/microrna/home.do), both
miR-520g and miR-520h were predicted to bind the 30-UTR including
the location of SNP rs7201 (Figure 2). In addition, both miR-520g
and miR-520h are highly expressed in the placenta (http://mirnamap.
mbc.nctu.edu.tw/). As miR-520g and miR-520h have a similar
structure, we only investigated the miR-520g effect on the MMP2
gene. We measured the expression level of endogenous miR-520g in
three cell lines (H1299, RL95-2 and HEC-1A) and primary stromal
cells obtained from a single endometriosis patient. The endogenous
miR-520g level was much higher (Po0.0001) in the stromal cells than
three cancer cells (Supplementary Figure). Among the three cancer
cell lines, the endogenous miR-520g levels were also different
(P¼ 0.007 for the comparison between RL95-2 and HEC-1A,
P¼ 0.04 between RL95-2 and H1299 and P¼ 0.2 between HEC-1A
and H1299).

SNP rs7201 influences gene expression via miRNA-520g
We further verified the effect of miR-520g on GFP expression by the
overexpression and knockdown strategies. The experiments were
conducted in three groups for each reporter construct: Group
I—cotransfection of reporter constructs with negative control oligo
(Invitrogen; Cat. No. AM17110), Group II—cotransfection of repor-
ter constructs with miR-520g mimic and Group III—cotransfection of
reporter constructs with the antagomiR-520g. After transfecting
miR-520g mimic to the HEC-1A cells for 24 h, we detected a striking
increase (P¼ 0.0003) of intracellular miR-520g levels by more than
500-fold (Figure 3a). On the contrary, transfecting antagomiR-520g
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Table 1 MMP2 gene polymorphisms and endometriosis

Hospital controls Community controls All controls

Case, n (%) n (%) OR 95% CI P-value n (%) OR 95% CI P-value OR 95% CI P-value

rs243865
GG 156 (74.6) 99 (78.6) 1 163 (76.5) 1 1
AG 49 (23.4) 26 (20.6) 1.20 0.70–2.05 0.514 46 (21.6) 1.11 0.70–1.76 0.647 1.14 0.76–1.73 0.526
AA 4 (1.9) 1 (0.8) 2.54 0.28–23.04 0.652a 4 (1.9) 1.04 0.26–4.25 1.000 1.34 0.36–5.08 0.733a

rs857403
AA 101 (48.1) 43 (34.1) 1 98 (46.9) 1
AT 90 (42.9) 70 (55.6) 0.55 0.34–0.88 0.012 92 (44.0) 0.95 0.63–1.42 0.799 0.78 0.54–1.11 0.170
TT 19 (9.0) 13 (10.3) 0.62 0.28–1.37 0.237 19 (9.1) 0.97 0.48–1.94 0.932 0.83 0.44–1.54 0.554

rs1030868
GG 121 (57.9) 74 (58.7) 1 132 (60.8) 1 1
AG 75 (35.9) 47 (37.3) 0.98 0.61–1.55 0.918 71 (32.7) 1.15 0.77–1.73 0.495 1.08 0.75–1.56 0.673
AA 13 (6.2) 5 (4.0) 1.59 0.54–4.64 0.393 14 (6.5) 1.01 0.46–2.24 0.975 1.16 0.56–2.44 0.686

rs1477017
AA 124 (59.3) 74 (58.7) 1 130 (61.9) 1 1
AG 71 (34.0) 46 (36.5) 0.92 0.58–1.47 0.732 65 (31.0) 1.15 0.75–1.74 0.524 1.05 0.73–1.53 0.788
GG 14 (6.7) 6 (4.8) 1.39 0.51–3.78 0.514 15 (7.1) 0.98 0.45–2.11 0.956 1.10 0.54–2.24 0.799

rs1053605
CC 107 (69.5) 94 (74.6) 1 157 (73.4) 1 1
CT 44 (28.6) 30 (23.8) 1.29 0.75–2.21 0.358 52 (24.3) 1.24 0.78–1.99 0.367 1.26 0.82–1.94 0.294
TT 3 (1.9) 2 (1.6) 1.32 0.22–8.06 1.000a 5 (2.3) 0.88 0.21–3.76 1.000 1.01 0.26–3.96 1.000a

rs2241145
GG 59 (28.4) 48 (38.1) 1 70 (32.4) 1 1
CG 111 (53.4) 52 (41.3) 1.74 1.05–2.87 0.031 101 (46.8) 1.30 0.84–2.02 0.236 1.45 0.98–2.16 0.065
CC 38 (18.3) 26 (20.6) 1.19 0.63–2.23 0.589 45 (20.8) 1.00 0.58–1.74 0.995 1.07 0.65–1.77 0.791

rs2241146
GG 142 (67.9) 88 (69.8) 1 157 (72.7) 1 1
AG 62 (29.7) 34 (27.0) 1.13 0.69–1.86 0.629 53 (24.5) 1.29 0.84–1.99 0.242 1.23 0.84–1.81 0.293
AA 5 (2.4) 4 (3.2) 0.77 0.20–2.96 0.736a 6 (2.8) 0.92 0.28–3.08 1.000 0.86 0.29–2.57 0.791

rs243849
CC 129 (61.4) 64 (50.8) 1 129 (60.0) 1 1
CT 71 (33.8) 53 (42.1) 0.66 0.42–1.06 0.085 77 (35.8) 0.92 0.62–1.38 0.694 0.82 0.57–1.18 0.278
TT 10 (4.8) 9 (7.1) 0.55 0.21–1.42 0.214 9 (4.2) 1.11 0.44–2.82 0.825 0.83 0.37–1.86 0.652

rs12599775
GG 172 (81.5) 107 (84.9) 1 189 (88.7) 1 1
CG 37 (17.5) 19 (15.1) 1.21 0.66–2.22 0.533 22 (10.3) 1.85 1.05–3.26 0.032 1.55 0.96–2.52 0.072
CC 2 (0.9) 0 (0.0) NA NA NA 2 (0.9) 1.10 0.15–7.89 0.925 1.72 0.24–12.33 0.628a

rs243847
TT 71 (34.1) 51 (40.5) 1 68 (32.2) 1 1
CT 105 (50.5) 58 (46.0) 1.30 0.80–2.11 0.285 111 (52.6) 0.91 0.59–1.39 0.650 1.04 0.71–1.53 0.835
CC 32 (15.4) 17 (13.5) 1.35 0.68–2.69 0.390 32 (15.2) 0.96 0.53–1.73 0.886 1.09 0.64–1.87 0.740

rs243844
GG 89 (47.8) 66 (53.2) 1 95 (49.0) 1 1
AG 87 (46.8) 50 (40.3) 1.29 0.81–2.07 0.289 83 (42.8) 1.12 0.74–1.70 0.598 1.18 0.81–1.72 0.378
AA 10 (5.4) 8 (6.5) 0.93 0.35–2.48 0.880 16 (8.2) 0.67 0.29–1.55 0.343 0.75 0.34–1.65 0.477

rs243840
AA 69 (36.9) 32 (25.6) 1 76 (37.8) 1 1
AG 89 (47.6) 64 (51.2) 0.64 0.38–1.09 0.106 95 (47.3) 1.03 0.67–1.60 0.888 0.88 0.59–1.30 0.515
GG 29 (15.5) 29 (23.2) 0.46 0.24–0.90 0.022 30 (14.9) 1.06 0.58–1.95 0.839 0.77 0.45–1.32 0.338

rs2287076
TT 96 (48.0) 65 (51.6) 1 102 (48.8) 1 1
CT 81 (40.5) 50 (39.7) 1.10 0.68–1.76 0.701 90 (43.1) 0.96 0.63–1.44 0.830 1.01 0.69–1.46 0.973
CC 23 (11.5) 11 (8.7) 1.42 0.65–3.10 0.384 17 (8.1) 1.44 0.72–2.85 0.298 1.43 0.78–2.62 0.247

rs11639960
AA 122 (57.8) 67 (53.2) 1 141 (65.0) 1 1
AG 80 (37.9) 54 (42.9) 0.81 0.52–1.28 0.375 63 (29.0) 1.47 0.97–2.21 0.066 1.17 0.81–1.67 0.406
GG 9 (4.3) 5 (4.0) 0.99 0.32–3.07 0.984 13 (6.0) 0.80 0.33–1.94 0.620 0.85 0.37–1.96 0.706

rs243832
GG 78 (37.7) 63 (50.8) 1 95 (44.2) 1 1
CG 97 (46.9) 51 (41.1) 1.54 0.96–2.47 0.076 97 (45.1) 1.22 0.81–1.84 0.347 1.33 0.91–1.93 0.136
CC 32 (15.5) 10 (8.1) 2.58 1.18–5.66 0.015 23 (10.7) 1.69 0.92–3.13 0.090 1.96 1.13–3.43 0.017

rs7201
AA 115 (55.3) 82 (65.0) 1 147 (68.4) 1 1
AC 84 (40.4) 40 (31.8) 1.50 0.93–2.40 0.092 57 (26.5) 1.88 1.24–2.85 0.003 1.72 1.19–2.49 0.004
CC 9 (4.3) 4 (3.2) 1.60 0.48–5.39 0.566a 11 (5.1) 1.05 0.42–2.61 0.923 1.19 0.51–2.81 0.683

Abbreviations: CI, confidence interval; OR, odds ratio; MMP, matrix metalloproteinase; NA, not applicable.
aP-value were adjusted by Fisher’s exact test.
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led to a significant decrease (P¼ 0.0003) of endogenous miR-520g
(Figure 3a). Similarly, miR-520g mimic and antagomiR-520g also
caused comparable changes in the RL95-2 cells (data not shown). The
above experiments indicated that mimic and antagomiR could
significantly alter intracellular miR-520 levels.
The G/R ratio for the pEGFP-A construct was significantly

suppressed by miR-520g mimic (Po0.005 for 50 vs 0 nM, Po0.005
for 100 vs 0 nM; Figure 3b). Using trend t-test, we found a significant
dose-dependent manner (Po0.0001) for miR-520g silencing effect.
Similarly, there was a significant increase (Po0.005 for 50 vs 0 nM,
Po0.005 for 100 vs 0 nM; Figure 3b) of G/R ratio by antagomiR-520g
for the pEGFP-A construct, and the increase also had a dose-
dependent manner (Po0.0001). On the contrary, the G/R ratio was
not or barely influenced by miR-520g mimic (P¼ 0.4 for 50 vs 0 nM,
P¼ 0.4 for 100 vs 0 nM; Figure 3b) or antagomiR-520g (P¼ 0.3 for 50
vs 0 nM, P¼ 0.04 for 100 vs 0 nM; Figure 3b) for the pEGFP-C
construct. Our results indicate that the risk C allele is less responsive
to the miR-520s silencing effect because it causes imperfect comple-
ment to miR-520 seed region.

miR-520g directly represses MMP2 expression
To further confirm that the miR-520g can downregulate the MMP2
gene, we directly examined the influence of miR-520g on MMP2
expression in the primary endometrial stromal cells of the AA
genotype at SNP rs7201. The result showed that both MMP2 mRNA
and propeptide expressions were reduced in parallel with the
concentrations of miR-520g mimic (Figure 4). Transfecting miR-
520g mimic led to a decrease of MMP2 mRNA levels (compared with
the baseline status, Po0.05 for 30nM and all P-values o0.01 for 60,
90 and 120nM; Figure 4a). The reduction of MMP2 mRNA expression
also had a significant trend (Po0.0001) with the dose of miR-520g
mimic. For MMP2 propeptide, miR-520 mimic reduced propeptide
synthesis (compared with the baseline, Po0.05 for 30nM and all

P-values o0.01 for 60 or 120 nM; Figure 4b), which also showed a
significant dose-dependent manner (Po0.0001). When 120nM of
miR-520g mimic was transfected, the propeptide production could be
reduced by 45%.

DISCUSSION

In this study, we systematically investigated the relationship between
17 SNPs of theMMP2 gene and endometriosis. The previously known
functional promoter polymorphism (rs243865) is not associated with
endometriosis but the 30-UTR SNP rs7201 is significant for endome-
triosis. Our IHC experiment also suggests differential expression of
MMP2 in three different genotypes of SNP rs7201, and the risk C
allele had a higher expression level. Both in silico and experimental
studies indicate that rs7201 is located in the miR-520g binding site.
We demonstrate that miR-520g mimic can downregulate the MMP2
expression. We also show that the risk C allele of SNP rs7201 acts as a

Figure 1 In all, 17 MMP2 SNPs form four haplotype blocks. The r2 (%) between any two SNPs is displayed in each cell. The cells in dark gray indicate

strong linkage disequilibrium and log of odds (LOD) of 2 or greater and in white indicate uninformative with LOD lower than 2. The bar on the top is the

MMP2 gene structure and location of each SNP; kb indicates kilobase. SNPs rs1053605 and rs243849 are synonymous SNPs, SNP rs7201 is in the

30-UTR and the res SNPs are not in the coding regions.

Table 2 Comparison of MMP2 expression measured by the IHC stain

in three genotypes at SNP rs7201

Genotype

AA (n¼16) AC (n¼6) CC (n¼2)

IHC stain

Mean score 2.375 2.833 3.5

Number of positive IHC 6 5 2

Number of negative IHC 10 1 0

Ratio of positive IHC 37.5% (6/16) 83% (5/6) 100% (2/2)

Abbreviations: IHC, immunohistochemical; MMP, matrix metalloproteinase; SNP, single-
nucleotide polymorphism.
The IHC score: 1 indicates not immunoreactive and 2, 3 and 4 indicating weak, moderate
and intense immunoreactivity, respectively. A positive stain was defined as a score X3. The
Mann–Whitney U-test showed the P-value was 0.027 for the distributions between positive and
negative IHC stain among three genotypes.
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loss-of-function mutation, because neither miR-520g mimic nor
antagomiR-520g can influence the MMP2 expression in the presence
of this allele. This loss-of-function mutation results in dysregulation
of MMP2 expression and a higher risk for endometriosis. As
dysregulation of MMP2 expression has been implicated as a patho-
genesis of endometriosis,6,8 our study provides an additional insight
into the mechanism of endometriosis.
MMP2 is a highly expressed protein in endometrium, especially in

ectopic endometrium.18 Women with endometriosis also have a
higher level of MMP2 in the serum and peritoneal fluid than
women without this disease.8 These observations are compatible
with our finding in which the risk C allele causes a higher expression
level and causes out of regulation by miR-520g. The MMP2 gene
polymorphisms have been implicated in different diseases but most of
previous studies only focused on functional promoter SNPs.19–21

Only a limited number of studies investigated endometriosis in
relation to MMP2 polymorphisms.21–23 Analyzing the two
functional promoter SNPs (rs2285053 also known as �735 C/T and
rs243865 also known as �1306 C/T) in the Chinese patients with
endometriosis, both Kang et al.22 and Zhao et al.23 did not find any

Figure 2 Bioinformatic analysis predicted that miR-520g and miR-520h

can bind to the 30-UTR of MMP2 transcript. The site of SNP rs7201 was

indicated.
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Figure 3 (a) Transfecting miR-520g mimic and antagomiR-520g to the

HEC-1A cells significantly changed the intracellular miR-520g levels

(*P-value¼0.0003). (b) The G/R ratio for the pEGFP-A construct was

significantly reduced by miR-520g mimic in the HEC-1A cells. AntagomiR-

520g increased the G/R ratio for the pEGFP-A construct. The G/R ratio for
pEGFP-C was not influenced by miR-520g mimic. AntagomiR-520g barely

increased the G/R ratio (P¼0.3 for 50 vs 0 nM, P¼0.04 for 100 vs 0 nM)

for the pEGFP-C construct. *Po0.005. Each experiment was independently

performed three times and each sample was studied in triplicates in each

experiment.
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Figure 4 (a) miR-520g mimic significantly downregulated MMP2 mRNA

expression in the endometrial stromal cells, and the miR-520 effect also

showed a dose-dependent manner. *Po0.05; **Po0.01 (b) miR-520g

suppressed MMP2 propeptide expression in the endometrial stromal cells
and the miR-520 effect on propeptide also had a dose-dependent manner

(Po0.0001). *Po0.05; **Po0.01. Each experiment was independently

performed three times and each sample was studied in triplicates in each

experiment.
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significant association. Although Saare et al.21 reported that �735
C/T SNP was significant (P¼ 0.02) for endometriosis, the significant
result was primarily from 92 cases with Re-ASRM stages I and II
but not from patients with Re-ASRM stages III and IV. On the
other hand, we use the tagging SNP approach to investigate
comprehensively the overall gene effect of MMP2. Although we do
not disclose a relationship between the promoter polymorphism
�1306 C/T and endometriosis, our study identifies another functio-
nal SNP rs7201 at the 30-UTR conferring risk for endometriosis.
Recently, the C allele of SNP rs7201 was also found to be an
independent risk factor for stroke.24

SNP rs7201 is located in the complementary DNA region to the
seed region of miR-520g. The MMP2 30-UTR spans 1249 bp and only
two validated SNPs are in the vicinity of SNP rs7201. The distance
between rs7201 and rs17860019 is 101 base pairs (bp), and between
rs7210 and rs17860021 is 140 bp. However, these two neighboring
SNPs are too rare (rs17860019 is monomorphic in Asians; and the
minor allele frequency of rs17860021 is about 1%) based on the NCBI
dbSNP data set (131 version).
Identification the role of microRNAs in endometriosis opens a new

avenue for biomarkers and therapeutic tools. Using global microRNA
expression profiles in relation to endometriosis, recent studies did not
find miR-520g or miR-520h to be differentially expressed between
ectopic and eutopic endometrial tissues.25–28 Notably, the expression
of miR-520g and miR-520h is highly tissue specific. Both microRNAs
are barely detectable in other tissues except for placenta (http://
mirnamap.mbc.nctu.edu.tw/). Unfortunately, there are no avai-
lable expression data for miR-520g or miR-520h in the uterus. The
functional role of miR-520g is hardly mentioned in the literatures.
From GeneOntology enrichment analysis, miR-520g target genes are
enriched in cGMP-mediated signaling pathway, vasodilation and
neural transmitters. The cGMP-mediated signaling pathway was
reported to be associated with neointima thickness.29 Accordingly,
miR-520g could have an important role in blood vessel function and/
or development.
A SNP located at or near a microRNA binding site has been named

as mirSNP, which represents a novel class of functional SNPs. Mishra
et al.30 reported that a mirSNP located 14 bp downstream of the
miR-24 binding site of the dihydrofolate reductase gene can affect
dihydrofolate reductase expression. The mutant allele causes over-
expression of dihydrofolate reductase protein, which is similar to this
study. As dihydrofolate reductase is a target of methotrexate, patients
with mutant allele at this mirSNP are resistant to methotrexate
treatment. The application of mirSNP may lead to a different type of
personalized medicine called microRNA pharmacogenomics.31

Recently, mirSNPs located in the WHSC1, SLC22A2332 and KRAS33

genes have been reported to influence the risk for endometriosis. As
MMP2 has been implicated in several common diseases including
cancer and cardiovascular disease,19–21,34 using RNA interference for
the subjects carrying the risk C allele of SNP rs7201 could be one of
microRNA pharmacogenomic applications in the future.
There are several limitations in this study. Although adjusted (that

is, empirical) P-value for the rs7201 AC genotype is 0.047 by the
family-wise permutation test, readers still need to take the statistical
results with caution because our sample size is still too moderate to
avoid a type I error. However, functional studies in conjunction with
SNP association studies can reduce such errors. The biosamples of the
rare CC genotype at SNP rs7201 is hard to obtain. We only had two
CC subjects for IHC stain and we do not have any stromal cells of the
CC genotype. Therefore, the data obtained from subjects of CC
genotype need to be taken with caution. The miRNA-520 levels

shown in the Supplementary Figure were from a single patient of
endometriosis. It is not clear whether all the endometriosis patients
have such a high miR-520 expression level. Further studies to validate
our finding are warranted.
In conclusion, SNP rs7201 at the 30-UTR is at the miRNA-520g

binding site. The risk C allele can reduce miRNA-520s silencing effect
leading to increase MMP2 expression and endometriosis risk. From a
microRNA pharmacogenomic point of view, a subject carrying the
risk C allele may be more beneficial for the treatment by an MMP
inhibitor.
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