
Introduction

Endometriosis is a chronic, progressive, and complex gy-

necological disease. It affects about 5% to 10% of women

of reproductive age and has had a significant increase in

case number and an earlier onset in recent years [1]. En-

dometriosis is characterized by the presence of functional

endometrium-like tissue in ectopic sites and typically

causes infertility and pain. Meuleman et al. reported that

in a subset of infertile women, the prevalence of en-

dometriosis was 47% and was also comparable to patients

with (54%) and without (40%) pelvic pain [2].

At present the exact pathogenesis of endometriosis is still

unclear. Many studies have focused on elucidating the im-

munological, endocrinological, environmental, and genetic

factors involved in endometriosis, but none of them can

completely explain the cause of all its types.

Recently, an increasing interest has been given to the po-

tential role of stem cells in endometriosis development [3,

4] and growing evidences have suggested that it may arise

from stem cells [4-8].

CD133, also known as Prominin-1, is a pentaspan,

highly glycosylated, membrane glycoprotein that is asso-

ciated with cholesterol in the plasma membrane. It is ex-

pressed in a wide range of somatic stem and progenitor

cells [9-11]. ABCG2 is a member of the ATP binding cas-

sette (ABC) transporters, which is widely expressed in

stem cells, and also found to confer the side population

phenotype, which is recognized as a universal marker of

stem cells [12, 13]. Studies have shown that CD133 was

expressed by epithelial cells of the endometrium [14] and

ABCG2 positive cells were diffusely distributed in the

stroma compartment of endometrium [15], but there are

less data on CD133 and ABCG2 expression in en-

dometriosis. 

The present study aimed to determine whether CD133

and ABCG2 expression is altered in the human ectopic, eu-

topic endometrium, and to evaluate whether the expression

of these two molecules correlates with the formation and

progression of endometriosis.

Materials and Methods

Ethics statement
The research was approved by the Institutional Review Boards

of the present hospital and the consent form was obtained before

surgical procedure.

Tissue collection
Samples were obtained from endometrium in uterine cavity

and ovarian endometriomas. A total of 22 eutopic endometrial

and 22 ovarian endometriotic specimens were collected from pa-

tients with endometriosis, who underwent laparoscopic or la-

parotomic surgery at the present hospital between January 2011

and December 2011. Endometrial tissues from 20 patients with-

out endometriosis, obtained during surgeries for other gynecol-
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ogical disease at the same period, served as controls. All of the

patients had regular menstrual cycles and no other hormone-de-

pendent diseases, did not receive hormone therapy during the

three months before surgery, and were not pregnant or lactating

during the study. The surgeries were performed at three to seven

days after menstruations ended.The specimens were washed

with saline to remove blood and immediately frozen in liquid

nitrogen for Western blot analysis. All samples were histologi-

cally confirmed. 

Western blot analysis 
Tissues were grinded in RIPA buffer (150 mM NaCl, 1mM

EGTA, 0.1%SDS, 1mM NaF,1mM Na3VO4, one mg/ml apro-

tinin, and one mg/ml leupeptin in ten mM Tris, pH 7.4) con-

taining one mM phenylmethanesulfonyl fluoride. Then the

tissue homogenate was centrifugated at 1,200 r/min for 15 min-

utes at 4°C and the supernatant was removed for protein analy-

sis. Protein concentration was determined by the BCA assay kit

(CWBIO). Total protein was fractionated on 10% SDS–poly-

acrylamide gel, then was transferred to polyvinylidene fluoride

membranes, blocked with 5% skim milk, and blotted against

primary antibodies and secondary antibody sequential y. Pri-

mary antibodies were follows: GAPDH (CWBIO), CD133

(PTG), and ABCG2 (PTG).

Western blot analysis was performed by a crescendo Western

HRP substrate.

Statistical analysis
The relative gray scale value of the target protein band was

shown as the mean ± SD. Statistical analysis was plotted by

using SPSS 17.0. The results were analyzed using t-test and

Pearson correlation coefficient was used for correlation analy-

sis. The values of p < 0.05 were considered statistically signif-

icant.

Table 1. — The relative gray scale value of CD133 and
ABCG2 in eutopic, ectopic, and control endometrium.

Eutopic Ectopic Control 

endometrium endometrium endometrium

CD133 830.2±257.8ab 662.0±275.0 327.0±179.0

ABCG2 884.9±221.6cd 727.6±264.7 397.5±187.5

a
: p = 0.042 compared with ectopic endometrium

b
: p = 0.000 compared with control endometrium

c
: p = 0.038 compared with ectopic endometrium

d
: p = 0.000 compared with control endometrium

Figure 1. — Expressions of

CD133 and ABCG2 in eu-

topic, ectopic, and control en-

dometrium.

Figure 2. — Expression level of CD133 and ABCG2 in endometriosis and control.
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Results

There were no statistically significant differences be-

tween age and body mass index groups (p > 0.05). To de-

termine the expression level of CD133 and ABCG2

protein in endometriosis, the authors performed Western

blot assay with GAPDH as an internal control. 

The results showed CD133 and ABCG2 protein were

expressed in eutopic, ectopic endometrium of en-

dometriosis group, and endometrium of control group.

The relative gray scale value of CD133 in eutopic, ec-

topic, and control endometrium was 830.2 ± 257.8,

662.0 ± 275.0, and 327.0 ± 179.0, respectively, and the

relative gray scale value of ABCG2 in eutopic, ectopic,

and control endometrium was 884.9 ± 221.6, 727.6 ±

264.7, and 397.5 ± 187.5, respectively. As shown in

Table 1, Figure 1, and Figure 2, the eutopic endometrium

showed a high level of CD133 and ABCG2 protein when

compared with ectopic (p = 0.042, p = 0.038), and con-

trol endometrium (p = 0.000, p = 0.000). In the en-

dometriosis group, the extent of disease was staged

according to the Revised American Fertility Society (R-

AFS) classification (renamed later American Society for

Reproductive Medicine’s classification—ASRM classi-

fication) [16]. The expression of CD133 protein in ec-

topic endometrium was positively correlated with

R-AFS score of endometriosis (p = 0.000, r = 0.793)

(Figure 3), no significant relation was noted between

ABCG2 and R-AFS score (p = 0.563).

Each patient received intensive follow-up for two years

and there were three patients with recurrence, two of

which had much higher expression of ABCG2 protein

than the patients without recurrence and the gray scale

values were 1,298 and 1,358, respectively. 

Discussion

In the present study, the authors have shown that the ec-

topic endometrium expressed the proteins CD133 and

ABCG2, which are generally considered markers of stem

cells. The advanced stage patients had increased expression

of CD133 in ectopic endometrium compared with the early

stage patients and the level of CD133 was positively cor-

related with R-AFS score of endometriosis. It is known that

self-renewal, differentiation, and high proliferative capac-

ity are key functional properties of adult stem cells [17].

Therefore, there are probably a subset of stem cells inside

the endometriosis lesions, which may be the reservoir cells

that allow the ectopic endometrial cells to remain active

and promote the lesions’ progression. The presence of stem

cell markers in endometriotic lesions suggests the possible

involvement of stem cells in the pathogenesis and the ec-

topic stem cells might lead to the establishment and pro-

gression of endometriosis. In addition, the monoclonal

origin and the long-term culturing properties of cell clones

established from endometriotic lesions, also support the

stem cell hypothesis of endometriosis [18]. At present,

many study groups have identified, isolated, and charac-

terized endometrial stem/progenitor cells through a variety

of methods such as clonogenicity, label-retaining cells,

“side-population” cells, undifferentiation markers, and cel-

lular differentiation [19-22]. The concurrent expressions of

CD133 and ABCG2 in both eutopic and ectopic en-

dometrium are circumstantial evidence that ectopic en-

dometrial stem cells probably source from eutopic

endometrial stem cells. Stem cells that are inappropriately

shed during retrograde menstruation may contribute to the

pathogenetic process, because their immense regenerative

capacity promotes rapid clonal expansion [23, 24]. How-

ever, Du and Taylor used murine models to investigate the

contribution of non-endometrial stem cells to endometrio-

sis found that ectopic lesions also probably derived from

ectopic differentiation of bone marrow stem cells [25].

Liu and Lang demonstrated that there are fundamental ab-

normal changes within the eutopic endometrium of women

with endometriosis compared to normal endometrium of

women without and thought that the character of eutopic en-

dometrium determines the fate of the backward-flowing en-

dometrial tissue [26]. The present study showed the

expression of CD133 and ABCG2 in eutopic endometrium

was significantly higher than in the endometrium of the con-

trol, hence they suppose that the endometrial stem cells with

endometriosis have probably some specialities that are dis-

tinct from the endometrial stem cells without endometriosis,

which cause them to shed more easily from uterine cavity

and have increasing abilities to spread and attach in an ec-

topic site resulting in endometriotic lesions. In other words,

aberrant expressions of CD133 and ABCG2 probably cause

aberrant stem cell function, which may contribute to the

pathogenesis of endometriosis.

Figure 3. — The correlation between CD133 protein expression

level in ectopic endometrium and R-AFS score of endometriosis.
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Endometriosis is a benign disease but has a high recur-

rence rate even after excision and prevention by medical

management [27]. In the present study two of three patients

with recurrence after surgery combined with the adminis-

tration of drugs for six months had significant stronger ex-

pression of ABCG2 in ectopic lesions than the patients

without recurrence. Many investigations indicated that the

stem cells resistant to chemotherapy or radiation is often

characterized by an elevated expression of the stem cell sur-

face marker ABCG2 [28, 29]. The present authors proposed

that the ABCG2 positive ectopic endometrial cells are also

probably resistant to medication and can still remain active

and grow, form lesions again after treatment is concluded,

which can explain the higher recurrence rate of en-

dometriosis. Because the present sample size was too small,

further study is needed to prove the relationship between

ABCG2 and the recurrence of endometriosis. 

In addition, endometriosis is considered a neoplastic dis-

ease with malignant potential [30,31] and the stem cell-like

ability is one of the features shared by endometriosis and

cancer [32]. Hence the present authors suggest that CD133

and ABCG2 positive cells transformation may be the un-

derlying mechanism leading to the progression from en-

dometriosis to ovarian cancer. 

To conclude, the present results demonstrated that the ex-

pression of CD133 and ABCG2 in ectopic lesions indicates

the existence of putative stem cells, which are probably

sourced from the eutopic endometrial stem cells with aber-

rant functions, and can induce the development of en-

dometriosis and also have relationship with the recurrence

and the progression to ovarian cancer. CD133 and ABCG2

have the potential to be utilized as novel markers for pre-

dicting recurrence and malignancy and CD133 and ABCG2

positive cells have the possibility of becoming new thera-

peutic targets of endometriosis. In the future the present au-

thors will isolate cells CD133+/ABCG2+ to show their

biological characteristics and abilities associated with en-

dometriosis, in order to check their expressions from the

other stemness-related markers, to identify their colony-

forming potential, self-renewal capacity, and multipotency,

and to examine their functions in an animal model of en-

dometriosis initiation or progression, and so on.
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