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Influence of Ovarian Endometrioma on
Expression of Steroid Receptor RNA
Activator, Estrogen Receptors, Vascular
Endothelial Growth Factor, and
Thrombospondin 1 in the Surrounding
Ovarian Tissues

Kaiqing Lin, MD1, Junyan Ma, MD2, Ruijin Wu, MD1,
Caiyun Zhou, MD3, and Jun Lin, MD1

Abstract
This study investigates the influence of ovarian endometrioma on expression of steroid receptor RNA activator (SRA), estrogen
receptors (ERs), vascular endothelial growth factor (VEGF), and thrombospondin 1 (TSP-1) in the surrounding ovarian tissues.
Taken from the women with ovarian endometrioma and mature teratoma during laparoscopy, the biopsies were analyzed by real-
time polymerase chain reaction and Western blot. Our results indicated that ovarian tissues surrounding endometrioma had
lower SRA and ER-a levels but higher SRA protein (SRAP) and ER-b levels than ovarian endometrioma. With lower VEGF levels
and higher TSP-1 levels, the surrounding ovarian tissues showed higher expression levels of SRA, SRAP, ER-a, and ER-b in the
ovarian endometrioma group when compared to the controls. These data showed that ovarian endometrioma increases SRA,
ERs, and TSP-1 but decreases VEGF levels in the surrounding ovarian tissues, suggesting that abnormal expression of these
molecules may affect biological behaviors of ovarian endometrioma.
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Introduction

Endometriosis is estimated to occur in 10% to 15% of women of

reproductive age. Laparoscopy is an effective treatment for this

condition and related symptoms, and most authors agree that it

should be considered to be the gold standard.1-4 Despite its

proven efficacy, surgical treatment of endometriosis is not with-

out any perils. Recurrence after surgery remains a formidable

challenge; about 40% to 45% of the patients, far higher than

spontaneous incidence, have relapse of the disease 5 years after

the primary surgery and would engender further surgery.5,6

Therefore, the trend is to opt for medical treatment. At present,

no medical agents are more efficacious than other agents such as

androgens, progestogens, oral contraceptive pills, and gona-

dotropin-releasing hormone agonists. It is necessary to find a

new medical agent with superior efficacy over other agents.

It has been reported that angiogenesis may play an important

role in the pathogenesis of endometriosis. Similar to tumor

metastases, endometriotic implants require neovascularization

to proliferate, invade the extracellular matrix, and establish

an endometriotic lesion.7,8 Vascular endothelial growth factor

(VEGF) and thrombospondin 1 (TSP-1) as an angiogenic factor

and angiogenic inhibitor, respectively, may be involved in the

progression of endometriosis. An increase in VEGF and a

decrease in TSP-1 may contribute to the neovascularization and

development of endometriotic implants and even become

capable of spreading to the surrounding host tissues. However,

in some published reports, the authors found that ovarian endo-

metriomas had lower levels of VEGF and higher levels of TSP-
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1 compared to eutopic endometrium or peritoneal lesions.9-11 If

so, how does this condition initiate and develop with low

capabilities of angiogenesis and metastasis?

The steroid receptor RNA activator (SRA) was first identi-

fied by Lanz et al in 1999 as a noncoding transcript able to

increase the activity of steroid receptors.12 It is overexpressed

in breast, uterine, and ovarian tumors13,14 and affects the growth

of certain hormone-dependent breast and prostate cancer cell

lines.15,16 Interestingly, the SRA precursor is subjected to an

alternative splicing which generates an messenger RNA

(mRNA) that codes for SRA protein (SRAP).17 In contrast with

SRA, overexpression of SRAP represses estrogen receptor activ-

ity. The proportions of SRA and SRAP vary within breast cancer

cell lines and might contribute to their phenotypes. However,

some reports support the contrary view that SRAP may play

an important role in enhancing steroid receptor activity in pros-

tate cancer18,19 or breast cancer.20 Moreover, increased evidence

suggests that target gene promoter, tissue, and cell line contexts

can lead to functional inversion among coregulators.21 As such,

coactivators can become corepressors and vice versa.

Ovarian endometrioma is an estrogen-dependent disease with

the capabilities of metastasis and recurrence after resection.

Overexpression of ER-b, favoring the suppression of ER-a level,

is associated with accumulation of estradiol in endometriotic

lesions.22 Estrogen is a potent stimulus of angiogenesis through

a direct increase in VEGF expression.23,24 Furthermore, there are

many pathways leading to the local accumulation of estrogen in

endometriosis,25 many of which are also associated with angio-

genesis. Conceivably, SRA/SRAP may regulate the expression

of estrogen receptors, further affecting the development of ovar-

ian endometrioma. So far, little is reported on the expression of

noncoding and coding SRA in endometriosis. To our knowledge,

the present study investigated for the first time the association of

2 molecules with this condition. This study aims to investigate

the influence of ovarian endometrioma on expressions of SRA,

ERs, VEGF, and TSP-1 in the surrounding ovarian tissues and

their roles in the pathogenesis of ovarian endometrioma.

Materials and Methods

Endometrial Sample Collection

A group of women (n ¼ 20) who underwent laparoscopic exci-

sion of ovarian endometrioma was included in this study. Their

age ranged between 22 and 38 years, and the diameter of their

ovarian cysts ranged between 30 and 82 mm by ultrasound;

patients included were classified as stage III or IV endometriosis

according to the American Society for Reproductive Medicine

classification of endometriosis26; 85% (17 of 20) of the patients

had chronic pelvic pain and 35% (7 of 20) had infertility. A

group of women (n ¼ 20) aged 23 to 37 years, with regular

menstrual cycle, undergoing laparoscopic excision of mature

teratoma, served as the controls. Mature ovarian teratomas are

benign ovarian tumors, with absence of invasiveness and metas-

tases, which usually present with a normal karyotype. There are

very few reports describing chromosomal abnormalities in these

tumors, none of which are recurrent.27 The study was approved

by the review board of the Women’s Hospital of Zhejiang Uni-

versity School of Medicine, and informed consent was obtained

from all the patients before inclusion. A complete medical his-

tory was obtained, and physical examination was performed for

each patient. Patients with endocrine disorders or with hormonal

treatment in the last 3 months were excluded from the study. All

specimens were collected during the proliferative phase of the

menstrual cycle. The samples of endometriotic tissues and ovar-

ian tissues surrounding endometrioma or mature teratoma, each

3 mm in diameter, were obtained by laparoscopy. The samples

were immediately frozen in liquid nitrogen to analyze the

expression at both the RNA and protein levels. These samples

were confirmed histologically as endometriotic tissues by the

histological criteria of Noyes et al28 or normal ovarian tissues.

Real-Time Polymerase Chain Reaction

Total RNA was isolated from ovarian endometriotic or ovarian

tissues using Trizol reagent (Gibco, Carlsbad, California)

according to the manufacturer’s instructions. After treatment for

20 minutes at 37�C with 1 unit of DNase I (Gibco, Carlsbad,

California) to prevent genomic DNA contamination, 500 ng of

total RNA was reverse transcribed using 1 mg of oligo (dT)18,

1 mL deoxyribonucleotide triphosphates (10 mmol/L), and 200

units of Superscript II RTase (Invitrogen) at 42�C for 1 hour

in the appropriate buffer. The reaction was stopped by incuba-

tion at 70�C for 5 minutes. Then, quantitative real-time polymer-

ase chain reaction (RT-PCR) analysis was performed using the

iQ5 apparatus (Bio-Rad, Hercules, California). SYBR Premix

Ex Taq (Perfect Real Time; Takara Bio Inc, Otsu, Japan) was

used for real-time monitoring of amplification (1.0 mL of tem-

plate complementary DNA, 45 cycles: 95�C/10 s, 62�C/25 s)

with the following primers: SRA forward sequence 50-TAC-

CAGGCTTCCAGCAGGCTTCAT-30 and SRA reverse

sequence 50-CCAAGTGACAGAAGGTCTCCAAGG-30 as

sense and antisense primers, respectively. Accurate amplifica-

tion of the target amplicon was checked by performing a melting

curve. Cycle time (Ct) was chosen to determine the amount of

gene products in each sample. The average Ct value was

calculated from triplicate wells for each sample. Duplicate sam-

ples varied by <0.5 Ct. Using human 18S ribosomal RNA

(rRNA) sense (50-GACTCAACACGGGAAACCTCAC-30) and

antisense (50-CCAGACAAATCGCTCCACCAAC-30) primers,

a parallel amplification of human 18S rRNA transcript (assay

identification No. NR_003286) was carried out to normalize the

expression data of the SRA transcript (assay identification No.

NM_001035235.3). The relative level of SRA expression is cal-

culated using the following formula29: n ¼ 2�DDCt¼ 2�(DCt

(patient)�DCt (min) (control)).

Western Blot Analysis

Total proteins were extracted from ovarian endometriotic or

ovarian tissues and analyzed by Western blot as described

previously.30,31 Four primary antibodies, a mouse monoclonal
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anti-SRA1 antibody (ab66378; Abcam), a rabbit anti-ER-a anti-

body (sc-102023; Santa Cruz, Dallas, Texas), a goat anti-ER-b
antibody (sc-247989; Santa Cruz), a rabbit anti-VEGF antibody

(ab46154; Abcam, Cambridge, Massachusetts), a goat anti-TSP-

1 antibody (sc-12312; Santa Cruz), and a mouse anti-b-actin

antibody (sc-69879; Santa Cruz), were used at dilutions of

1:500, 1:400, 1:500, 1:800, 1:600, and 1:1,000, respectively. Pre-

incubation of the primary antibodies with its corresponding pep-

tide, served as the controls, was performed as described

previously.30 We detected immune complexes by SuperSignal

West Dura Extended Duration Substrate detection kit (Pierce,

Rockford, Illinois). Relative protein levels were quantified on

band volume with respect to b-actin expression as assessed by

Bandscan 5.0 software (Glyko Inc, Novato, California).

Statistical Analysis

All the data were assessed for normality of distribution using

Shapiro-Wilk test. Continuous data are expressed as mean +
standard deviation, and categorical data are expressed as percent-

age. Continuous and categorical variables were compared using

the student t test and Fisher exact test, respectively. P < .05 was

considered statistically significant. The relationship between the

2 variables was assessed by Pearson correlation analysis. The data

were analyzed using Statistical Package for the Social Sciences

(SPSS) 16.0 for windows (SPSS Inc, Chicago, Illinois).

Results

Noncoding SRA Expression in Ovarian Tissues
Surrounding Endometrioma Versus Mature Teratoma
Detected by RT-PCR

There were no statistical differences in ages, parity, and gravid-

ity between ovarian endometrioma and mature teratoma groups.

The size of ovarian mass revealed no statistical differences

(Table 1). The RNA expression of noncoding SRA was detected

in the endometriotic and ovarian tissues by RT-PCR. Its expres-

sion in the endometriotic tissue was statistically higher than that

in the ovarian tissue surrounding the endometrioma or mature

teratoma (P < .05); meanwhile, its level in ovarian tissue

surrounding the endometrioma was higher than that of mature

teratoma (P < .05; Table 2; Figure 1).

Quantification of the Proteins for SRAP, ER-a, ER-b, VEGF,
and TSP-1 in Ovarian Tissues Surrounding Endometrioma
Versus Mature Teratoma by Western Blot Analysis

The differences in levels of SRAP, ER-a, ER-b, VEGF, and

TSP-1 in endometriotic and ovarian tissues were studied by

Western blot analysis. The data showed ovarian endometrioma

had higher ER-a levels (P < .05) than the surrounding ovarian

tissues or ovarian tissues surrounding mature teratoma

(Figure 2). Although ovarian endometrioma had higher VEGF

levels and lower TSP-1 levels than surrounding ovarian tissues

Table 1. Baseline Characteristics of Women With Ovarian
Endometrioma Versus Control.a

Parameters

Ovarian
Endometrioma Control P

Value(n ¼ 20) (n ¼ 20)

Age, years 31.8 + 5.3 31.4 + 5.2 .866
Gravidity 0.9 + 1.0 1.7 + 1.3 .131
Parity 0.6 + 0.5 0.8 + 0.6 .449
Diameter of ovarian mass, cm 5.2 + 1.5 5.4 + 1.6 .778
IUD, % 15 (3/20) 25 (5/20) .695
Smoking, % 5 (1/20) 10 (2/20) 1.000
Regular menstrual cycle, % 100 (20/20) 100 (20/20) NS

Abbreviations: IUD, intrauterus device; NS, not significant.
a Continuous and categorical variables were compared using the student t test
and Fisher exact test, respectively.

Table 2. The Expression Levels of Noncoding SRA in Ovarian
Endometrioma and Surrounding Ovarian Tissue.a

No. of
Samples

Noncoding SRA

�DDCt
Expression

Level (2�DDCt)

Ovarian endometrioma 20 �12.62 + 0.15 2.67 + 0.23
Surrounding ovarian tissue 20 �13.15 + 0.12 1.83 + 0.11
Control 20 �13.80 + 0.15 1.20 + 0.15

Abbreviation: steroid receptor RNA activator.
a Comparison of the relative expression level of noncoding SRA between the
groups was evaluated using Student t test. Ovarian endometrioma
versussurrounding ovarian tissue, P < .05; surrounding ovarian tissue versus
control, P < .05.

Figure 1. Real-time PCR analysis of SRA in different tissues. The rela-
tive level of expression is calculated by 2�DDCt. Mean values indicated
SRA expressions. Columns indicate data from separate experiments;
bars indicate SD. *P < .05 versus control; **P < .05 versus control and
versus *, respectively (Student t test); control, ovarian tissue sur-
rounding mature teratoma; EM, ovarian endometrioma; Para-EM,
ovarian tissue surrounding ovarian endometrioma; PCR, polymerase
chain reaction; SD, standard deviation; SRA, steroid receptor RNA
activator.
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(P < .05, respectively; Figures 3 and 4), the former was lower in

VEGF and higher in TSP-1 than ovarian tissues surrounding

mature teratoma. Interestingly, ovarian tissues surrounding

endometrioma, despite at a lower level of VEGF and higher

level of TSP-1 (P<0.05, respectively), had higher levels of

SRAP, ER-a, and ER-b than the controls (ovarian tissues sur-

rounding mature teratoma; P < .05). In addition, higher SRAP

and ER-b levels were detected in ovarian tissues surrounding

endometrioma than in endometrioma (P < .05, respectively).

The Relationship Between SRA or SRAP and Estrogen
Receptor was Analyzed by Pearson Correlations

Pearson correlation analysis shows the correlations between

SRA and ER-a (r ¼ .939, P ¼ .000), between SRA and ER-b
(r ¼ .009, P ¼ .971), between SRAP and ER-a (r ¼ .191, P ¼
.448), and between SRAP and ER-b (r ¼ .928, P ¼ .000). The

result suggests that there is a relationship between these 2 types

of genes in endometriotic tissues and ovarian tissues, especially

SRA and ER-a and SRAP and ER-b with a tight coordinate

expression.

Discussion

Endometriosis is a common, multifactorial disease in which

angiogenesis may be involved in the growth of endometrium

outside the uterus. Takehara et al32 have reported an increase

in VEGF mRNA expression in endometriotic tissue (early

stages) compared with the eutopic endometrium. However, in

some previous reports, the authors found that ovarian endome-

triomas had lower VEGF levels and higher TSP-1 levels

compared to eutopic endometrium or peritoneal lesions9-11 and

thought that 3 clinically distinct lesions of endometriosis, includ-

ing peritoneal lesion, ovarian endometrioma, and deep infiltrat-

ing endometriosis, may be variants of the same pathologic

Figure 2. Western blot analysis of SRAP, ER-a, and ER-b in different tissues. A, Lanes 1 and 2, ovarian endometrioma; lanes 3 and 4, surrounding
ovarian tissues; lanes 5 and 6, ovarian tissues surrounding mature teratoma served as the controls. b-Actin expression is shown as the loading
control. Normalized values indicated the ratios of 1 protein and b-actin protein expression. Mean values indicated SRAP (B), ER-a (C), and ER-b
(D) expressions. Columns indicate data from separate experiments; bars indicate SD. *P < .05 versus control; **P < .05 versuscontrol and versus
*, respectively (Student t test); control, ovarian tissue surrounding mature teratoma; EM, ovarian endometrioma; Para-EM, ovarian tissue
surrounding ovarian endometrioma; ER, estrogen receptors; SRAP, steroid receptor RNA activator protein.
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process, or they may be caused by different mechanisms.22,33 In

the present study, we did not detect any increase in VEGF levels

or any decrease in TSP-1 in ovarian endometrioma and even

found a lower VEGF level and a higher TSP-1 level in compar-

ison with ovarian tissues surrounding the mature teratoma that is

a benign tumor without the capabilities of invasiveness and

metastasis. Although ovarian endometrioma seems to be a

progressive disease, this condition, with a reduction in the angio-

genic activity, is a lesion with low capability of remodeling the

surrounding tissue.

However, how does ovarian endometrioma initiate and

develop? What results in multifocal foci? In the present study,

ovarian endometrioma affects modulation of estrogen receptors

in the surrounding ovarian tissues. The data showed that higher

SRA and SRAP levels were detected in ovarian tissues surround-

ing endometrioma compared to the controls, associated with

ER-a and ER-b levels, respectively. In the previous studies,

overexpression of SRA and SRAP has been shown in some types

of tumor cells, and compelling evidence suggests that these 2

molecules play critical roles in the development of tumor.13-15

Our results were in agreement with the previous studies that held

that overexpression of SRA12-16 or SRAP18-20,34 enhances

transcription transactivation of steroid receptors. Therefore,

when reflux menstruation goes into the peritoneal cavity and its

eutopic endometrium attaches to mesothelial cells, endothelial

progenitor cells may be home to the lesions via ER-a and form

blood vessels,35,36 enhancing the survival of the implants. Mean-

while, relatively high ER-b levels in the ovarian tissues may

exhibit estrogen-like effects37 and enhancing cell survival.

Furthermore, previous studies showed that adult human

endometrium contains rare epithelial progenitors and mesench-

ymal stem cells, likely responsible for its immense regenerative

capacity, which may also have critical roles in the development

of endometriosis.38,39 Clonal outgrowth is thought to be a

fundamental feature of epithelial progenitor or stem cell. The

clonality of a cellular expansion is taken to be a valuable tool

capable of distinguishing the origin of tissues. In some previous

reports on endometriosis,40-47 the investigators drew the fol-

lowing conclusions: (1) the majority of studies supported the

monoclonal origin of endometriosis lesions; (2) in case of mul-

tifocal foci, different foci had independent origins; (3) although

monoclonality was observed in samples for individual glands,

different glands within the same lesion were from independent

clones. If so, we speculate that the high SRA, SRAP, ER-a, and

ER-b levels in ovarian tissues may benefit the successful

implants of epithelial progenitors and mesenchymal stem cells

Figure 3. Western blot analysis of VEGF in different tissues. A, Lanes
1 and 2, ovarian endometrioma; lanes 3 and 4, surrounding ovarian tis-
sues; lanes 5 and 6 ovarian tissues surrounding mature teratoma
served as the controls. b-Actin expression is shown as the loading
control. Normalized values indicated the ratios of 1 protein and
b-actin protein expression. B, Mean values indicated VEGF expression.
Columns indicate data from separate experiments; bars indicate SD.
*P < .05 versus control; ** P < .05 versus control and versus *, respec-
tively (Student t test); control, ovarian tissue surrounding mature ter-
atoma; EM, ovarian endometrioma; Para-EM, ovarian tissue
surrounding ovarian endometrioma; SD, standard deviation; VEGF,
vascular endothelial growth factor.

Figure 4. Western blot analysis of TSP-1 in different tissues. A, Lanes
1 and 2, ovarian endometrioma; (lanes 3 and 4) surrounding ovarian
tissues; lanes 5 and 6, ovarian tissues surrounding mature teratoma
served as the controls. b-Actin expression is shown as the loading
control. Normalized values indicated the ratios of 1 protein and
b-actin protein expression. B, Mean values indicated TSP-1 expres-
sion. Columns indicate data from separate experiments; bars indicate
SD. *P < .05 versus control; ** P < .05 versus control and versus *,
respectively (Student t test); control, ovarian tissue surrounding
mature teratoma; EM, ovarian endometrioma; Para-EM, ovarian tissue
surrounding ovarian endometrioma; SD, standard deviation; TSP-1,
thrombospondin 1.
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of endometrium, and the multifocal endometriotic sites may be

from different implants; thus, ovarian endometrioma shows a

‘‘metastasis’’ characteristic in clinic, although with low

invasion capability.

The previous study showed that recurrence occurs in about

half of the patients with endometriosis and needs further oper-

ation, with about 27% of them requiring 3 or more surgeries.48

The fact suggests that conservative surgical treatment does

remove endometriotic tissues but not change predisposing

factors and basal molecular defects for endometriosis. The

present study supported this view that, after surgical removal

of endometriotic tissue, the surrounding ovarian tissues with

molecular defects, including upregulation of SRA and ERs,

may demonstrate the predisposition for endometriosis, espe-

cially when abnormal eutopic endometrium49,50 which is sim-

ilar to that of preoperation goes into the peritoneal cavity.

The study of Exacoustos et al51 supported the predisposition for

endometriosis that the majority (88.7%) of recurrent cases have

recurrence involving the treated ovary.

In conclusion, ovarian endometrioma increases SRA, ERs,

and TSP-1 but decreases VEGF levels in the surrounding ovarian

tissues, which may affect biological behaviors of ovarian endo-

metrioma. Therefore, our future work should investigate the

SRA as a potential therapeutic target. However, endometriosis

is a complex disease, and ovarian endometrioma is the only facet

of the condition. Based on the characteristics of this condition

and our collections of samples, it is plausible to postulate that the

endometrioma shows just a small region of intense cellular activ-

ity; it is also plausible to postulate that most of the endometrioma

carries a mass effect on adjacent ovarian tissue. Furthermore, it

is common to observe a very flattened epithelial lining, and

sometimes it is not easy to identify. These possibilities may

affect the results of our study. These preliminary findings are

based on a small number of patients, and further investigation

is needed to determine the mechanism of SRA in this condition.
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