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Summary

 Background: To investigate the expression levels of importin13 (IPO13), c-kit, CD146, telomerase, caspase-3, 
bcl-2 and bax in endometrial polyps (EPs).

 Material/Methods: We detected the mRNA expression levels of IPO13, c-kit, bcl-2 and bax in endometrial polyps (EPs) 
using real-time PCR. We detected the protein expression levels of IPO13, telomerase, CD146, cas-
pase-3, bcl-2 and bax in EPs using S-P (Streptavidin-Peroxidase) immunohistochemistry. Western 
blotting was performed to determine the levels of importin13 and bcl-2 proteins in EPs.

 Results: The expression levels of IPO13, c-kit, telomerase, caspase3, and bax were lower in the EP tissue 
compared to normal endometrial tissue during the proliferation and secretion phases of the men-
strual cycle (p<0.05). The expression of CD146 was decreased in the EP tissue compared to the 
normal endometrial tissue during the proliferation phase of the menstrual cycle (p<0.05). The ex-
pression of bcl-2 was increased in the EP tissue compared to the normal endometrial tissue during 
the proliferation and secretion phases of the menstrual cycle (p<0.05).

 Conclusions: The expression levels of IPO13, c-kit, telomerase, caspase3, and bax were decreased; however, the 
expression of bcl-2 was increased in the EP tissue compared to the normal endometrial tissue. 
These findings suggest that the development of EPs is associated with the deregulated activities of 
the endometrial stem/progenitor cells and the decreased apoptosis of endometrial cells, with the 
latter being the major factor involved in the development of EPs.
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Background

Endometrial polyps (EPs) are common lesions that often 
lead to abnormal uterine bleeding. Most EPs are benign 
neoplasms; however, some EPs can be precancerous lesions 
or even cancer [1]. However, the pathogenesis and etiolo-
gy of EPs remain unclear.

The deregulated expression levels of estrogen receptor 
(ER) and progesterone receptor (PR) may lead to the de-
velopment of EPs [2]. In post-menopausal patients, the ex-
pression of ER receptor in EP tissue is increased compared 
to that in normal endometrial tissue, resulting in the de-
velopment of post-menopausal Eps [3]. Uterine fibroids 
and endometriosis are the most common complications of 
EPs, suggesting that EPs are associated with estrogen [4]. 
Hormone replacement therapy in post-menopausal patients 
is also linked to the development of EPs [5,6].

The balance between cell mitosis and apoptosis regulates 
the periodic repair and shedding of endometrial cells [7]. 
Ki-67 is a nuclear antigen associated with cell proliferation 
and mitosis, and its expression is increased in endometrial 
hyperplasia diseases [8]. Bcl-2 is a proto-oncogene that in-
hibits apoptosis; its expression is upregulated in ectopic en-
dometrial and endometrial hyperplasia tissues [9,10]. Many 
reports have found that upregulation of Bcl-2 is associated 
with EPs; however, the relationship between Ki-67 and EP 
development remains unclear [2,11–14].

In recent years, endometrial stem and progenitor cells have 
been thought to be responsible for the development of en-
dometrial diseases such as endometriosis and endometrial 
cancer [15–18]. However, there is no data on the pathogen-
esis of EPs with regard to endometrial stem cells/progeni-
tor cells. We assessed the expression levels of the adult stem 
cell markers IPO13, c-kit, and CD146, as well as the expres-
sion of the apoptosis-related genes caspase3, bcl-2, and bax 
in EPs, to explore the pathogenesis of EPs.

Material and Methods

Material

Patients who were admitted to the First Affiliated Hospital 
of Chongqing Medical University from October 2008 to 
January 2010, and who were pathologically diagnosed with 
EP or other benign endometrial disease, and who received 
a hysteroscopy, were randomly selected. The study was ap-
proved by the Ethics Commission of Chongqing Medical 
University, and informed patient consent was obtained. EP 
tissues from 40 patients were harvested by a 5.07-mm con-
tinuous-perfusion examination and treatment hysterosco-
py (Stryker Corporation, USA); these patients were the ob-
servation group (20 cases were at proliferation phase, and 
20 cases were at secretion phase). Forty cases of normal en-
dometrium were harvested as the control group (20 cases 
were at proliferation phase, and 20 cases were at secretion 
phase). The patients were ages 22 to 60 years, with a mean 
age of 38 years. All pathologies were confirmed by patho-
logical examination. Endometrial polyp tissue (i.e., patho-
logically altered tissue) was included in the histological 
sections. Patients who had additional endometrial com-
plications, including adenomyosis, dysfunctional uterine 

bleeding, polycystic ovary syndrome, and other hormone-
dependent diseases, were excluded. All of the patients had 
regular menstrual cycles, did not receive hormone thera-
py during the 3 months before surgery, and were not preg-
nant or lactating during the study.

Methods

Immunohistochemistry

The tissues were embedded in paraffin and cut into 5-µm 
sections. The sections showing typical endometrial structures 
by hematoxylin and eosin (H&E) staining were included in 
this study. Immunohistochemistry was performed accord-
ing to the SP kit instructions (Bioss Biotechnology, Beijing, 
China). After dewaxing and hydration, the sections were 
heated in citrate buffer (pH 6.0, Sigma-Aldrich, USA) in a 
microwave oven for 20 min for antigen retrieval. The sec-
tions were then cooled naturally to room temperature. The 
sections were washed for 3 min × 3 cycles. The sections were 
then incubated in 3% H202 for 15 min at room temperature 
and washed with PBS for 3 min × 3 cycles. The sections were 
blocked in 5% donkey serum (ab7475 Abcam Company) for 
30 min at 37°C. Anti-IPO13 goat polyclonal antibody (1:100, 
NB100-1369, Novus Biologicals), anti-telomerase rabbit poly-
clonal antibody (1: 100, ZA-0239, Beijing Golden Bridge 
Biotechnology Co., Ltd.), anti-CD146 mouse monoclonal an-
tibody (1:50, ZM-0299, Beijing Golden Bridge Biotechnology 
Co., Ltd.), anti-caspase3 rabbit polyclonal antibody (1:100, 
BS1518, Bioworld Technology, Inc.), anti-bax rabbit poly-
clonal antibody (1:100, BS1725, Bioworld Technology, Inc.) 
and anti-bcl-2 rabbit monoclonal antibody (1:100, bs-0522R, 
Bioworld Technology, Inc.) were incubated with the sections 
overnight at 4°C. Negative controls included omission of pri-
mary antibody and use of irrelevant primary antibodies. The 
corresponding secondary antibodies, which were conjugated 
to horseradish peroxidase (Bioss Biotechnology), were incu-
bated with the sections for 1 h at room temperature. The sec-
tions were washed in PBS for 3 min × 3 cycles. The sections 
were incubated in horseradish enzyme-labeled chain avidin 
solution (Bioss Biotechnology) for 30 min at 37°C and washed 
in PBS for 3 min × 3 cycles. The proteins were visualized by 
diaminobenzidine (DAB). All of the sections were observed 
by 3 independent pathologists using a light microscope. A 
total of 22 representative high power fields (40×) were cho-
sen, and the positively-stained cells were counted for each 
sample. Slides were evaluated independently by 3 patholo-
gists for distribution and intensity of signal as described by 
De Falco et al. [19]. Intensity was scored from 0 to 3:0 (ab-
sent immunopositivity); 1 (low immunopositivity); 2 (mod-
erate immunopositivity); 3 (intense immunopositivity). An 
average of 22 fields was observed for each tissue. All values 
are presented as the mean ±standard error (mean ±SEM).

Detection of marker gene expression by real-time PCR

Total RNA was isolated using TRIZOL (Invitrogen). The first-
strand cDNA was generated using SuperScript (Invitrogen). 
The primers used for amplifying IPO13, c-kit, bax, bcl-2, 
and b-Actin were synthesized by Guangzhou Funeng Co., 
Ltd. The real-time PCR kit was purchased from Guangzhou 
Funeng Co., Ltd. PCR conditions were 95° for 10 s, 60° for 
20 s, 72° for 10 s. The experiments were performed in trip-
licate for every sample.
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Detection of marker protein expression by Western blotting

Tissues were lysed with a RIPA buffer containing protease 
inhibitors. Aliquots of the lysates containing 25 µg of total 
protein were run on a SDS-polyacrylamide gel. The proteins 
were transferred to a PVDF membrane. The membrane was 
incubated overnight at 4°C in TTBS containing 5% non-fat 
milk powder (20 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% 
Tween 20). Anti-IPO13 goat polyclonal antibody (1:500) or 
anti-bcl-2 rabbit monoclonal antibody (1:600) was incubat-
ed with the membrane for 2 h at 37°C. Secondary antibod-
ies that were conjugated to horseradish peroxidase were in-
cubated with the membrane for 1 h at 37°C. The proteins 
that were revealed by Western blotting were visualized by 
chemiluminescence (Biyuntian Company). The densities 
of bands were analyzed by a gel imaging system and calcu-
lated compared to the internal control.

Statistical analysis

SPSS 11.5 software was used to perform the statistical analy-
sis. The difference between the 2 groups was compared us-
ing the independent t-test. A p-value of <0.05 was consid-
ered to be statistically significant.

results

Immunohistochemistry

IPO13, telomerase, caspase3, bcl-2 and bax were expressed 
both in the cytoplasm and nucleus of the epithelial and stro-
mal cells. CD146 was mainly expressed in the cytoplasm of 
the stromal vascular endothelial cells (Figure 1). Telomerase 
was strongly expressed in the endometrium during the pro-
liferation or secretion phase in the control group; however, 
it was weakly expressed or undetectable in the EP patients. 
The telomerase staining seems to indicate that in the secre-
tory phase diffuse glandular staining is decreased compared 
to the proliferative phase. CD146 was strongly expressed in 

the control group; however, it was weakly expressed in the 
EP patients (Figure 1). IPO13 was strongly expressed in the 
endometrium in the control group; however, it was weak-
ly expressed or could not be detected in the EP patients 
(Figure 2). Caspase3 showed very strong expression in the 
endometrium during the proliferation phase and strong ex-
pression during the secretion phase in the control group; 
however, it was weakly expressed or could not be detected 
in the EP patients (Figure 2). Bax was strongly expressed 
in the control group; however, it was weakly expressed or 
could not be detected in the EP patients (Figure 3). Bcl-2 
was weakly expressed in the control group; however, it was 
strongly expressed in the EP patients. Bcl2 staining was 
stronger in the stroma compared to the glands (Figure 3).

Results of real-time PCR

IPO13 mRNA expression was significantly increased in the 
proliferative endometrium of the control group compared 
to that in the EP patients (p<0.05). IPO13 mRNA expres-
sion was significantly increased in the secretory endome-
trium of the control group compared to that in the EP pa-
tients (p<0.05) (Figure 4I). The c-kit mRNA expression was 
increased about 1.5-fold in the proliferative endometrium 
of the control group compared to that in the EP patients 
(p<0.05). The c-kit mRNA expression was increased about 
3-fold in the secretory endometrium of the control group 
compared to that in the EP patients (p<0.05) (Figure 4II). 
The bcl-2 mRNA expression was significantly increased in 
the proliferative endometrium of the EP patients compared 
to that in the control group (p<0.05). The bcl-2 mRNA ex-
pression was significantly increased in the secretory endo-
metrium of the EP patients compared to that in the control 
group (p<0.05) (Figure 4III). The bax mRNA expression 
was significantly increased in the proliferative endometrium 
of the control group compared to that in the EP patients 
(p<0.05). The bax mRNA expression was significantly in-
creased in the secretory endometrium of the control group 
compared to that in the EP patients (p<0.05) (Figure 4IV).

Figure 1.  The expression of telomerase and CD146 
in the endometrial tissues was detected 
by immunohistochemistry (400×). (A) 
Control endometrium at the proliferation 
phase. (B) Control endometrium at 
the secretion phase. (C) EP at the 
proliferation phase. (D) EP at the 
secretion phase. (E) Control endometrium 
at the proliferation phase. (F) Control 
endometrium at the secretion phase. (G) 
EP at the proliferation phase. (H) EP at 
the secretion phase. * p<0.05 (vs. control 
endometrium at the proliferation phase); 
** p<0.05 (vs.control endometrium at 
the secretion phase); error bars, SEM.
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The protein expression levels of IPO13 and bcl-2 
detected by Western blotting

IPO13 protein expression was higher in the proliferative 
endometrium of the control group compared to that in 
the EP patients (0.91±0.10 vs. 0.43±0.06, p<0.05). IPO13 
protein expression was higher in the secretory endome-
trium of the control group compared to that in the EP 
patients (0.85±0.18 vs. 0.22±0.09, p<0.05). Bcl-2 protein 
expression was higher in the proliferative endometrium 
of the EP patients compared to that in the control group 
(0.95±0.13 vs. 0.64±0.13, p<0.05). Bcl-2 protein expres-
sion was higher in the secretory endometrium of the EP 

patients compared to that in the control group (0.90±0.08 
vs. 0.50±0.16, p<0.05) (Table 1).

discussion

Recent studies have indicated that endometrial stem cells 
contribute to endometrial repair physiologically; however, 
the deregulated proliferation and differentiation of these 
stem cells lead to endometrial diseases such as endometri-
osis and endometrial cancer [15,20]. IPO13 is a marker of 
corneal epithelial stem cells, and it plays important roles in 
maintaining features of corneal stem cells such as cell shape, 
high proliferation potential, and a poorly differentiated state 

Figure 2.  The expression levels of IPO13 and 
caspase3 in the endometrial tissues were 
detected by immunohistochemistry 
(400×). (A) Control endometrium at 
the proliferation phase. (B) Control 
endometrium at the secretion phase. 
(C) EP at the proliferation phase. (D) 
EP at the secretion phase. (E) Control 
endometrium at the proliferation phase. 
(F) Control endometrium at the secretion 
phase. (G) EP at the proliferation 
phase. (H) EP at the secretion phase. 
* p<0.05 (vs. control endometrium at 
the proliferation phase); ** p<0.05 (vs. 
control endometrium at the secretion 
phase); error bars, SEM.
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Figure 3.  The expression of bax and bcl-2 in the 
endometrial tissues was detected by 
immunohistochemistry. (A) Control 
endometrium at the proliferation phase 
(400×). (B) Control endometrium at the 
secretion phase (400×). (C) EP at the 
proliferation phase (400×). (D) EP at 
the secretion phase (400×). (E) Control 
endometrium at the proliferation phase 
(200×). (F) Control endometrium at the 
secretion phase (200×). (G) EP at the 
proliferation phase (200×). (H) EP at the 
secretion phase (200×). * p<0.05 (vs. 
control endometrium at the proliferation 
phase); ** p<0.05 (vs. control 
endometrium at the secretion phase); 
error bars, SEM.
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[21]. Furthermore, we found that IPO13, c-kit and CD146 
were expressed in the endometrium.

The expression of IPO13 in the EP patients was lower than 
that in the normal endometrium, both during the secretory 
and proliferation phases. IPO13 can promote proliferation 
of the stem cells [21], so the decreased expression of IPO13 
may lead to reduced activities of endometrial stem cells. Ki-
67 could promote cell proliferation in the G1/S phase be-
cause it is regularly expressed during menstrual cycles. In 
1 study, Ki-67 was downregulated in EP patients, and cell 
proliferation was reduced compared to that in normal en-
dometrial cells [14], which was consistent with our findings.

C-kit is the stem cell factor receptor, and it is expressed in 
hematopoietic stem cells, multipotent stem cells [22], and 

the label-retaining cells (LRC) in the endometrium [23]. 
Therefore, c-kit is considered to be a stem cell marker in 
the endometrium [14]. In our studies, we found that the 
expression of c-kit was decreased in the EP patients com-
pared to that in the normal endometrial tissue during the 
proliferation and secretion phases, suggesting that there is 
a deregulation of endometrial stem cell activities in EP pa-
tients. CD146 is a candidate marker of endometrial stem cells 
[24]. Our findings revealed that the expression of CD146 
was decreased in the EP patients compared to that in the 
normal endometrial tissue during the proliferation phase, 
indicating that the endometrial stem cells were reduced.

The expression of CD146 was decreased in the EP patients 
compared to that in the normal endometrial tissue at the 
proliferation phase. This suggests that the endometrial 

Figure 4.  The mRNA expression of IPO13, c-kit, 
bcl-2 and bax was detected by real-
time PCR. (A) Control endometrium 
at the proliferation phase. (IB) Control 
endometrium at the secretion phase. 
(IC) EP at the proliferation phase. (ID) 
EP at the secretion phase. (IIA) Control 
endometrium at the proliferation 
phase. (IIB) Control endometrium 
at the secretion phase. (IIC) EP at 
the proliferation phase. (IID) EP at 
the secretion phase. (IIIA) Control 
endometrium at the proliferation 
phase. (IIIB) Control endometrium 
at the secretion phase. (IIIC) EP at 
the proliferation phase. (IIID) EP at 
the secretion phase. (IVA) Control 
endometrium at the proliferation 
phase. (IVB) Control endometrium at 
the secretion phase. (IVC) EP at the 
proliferation phase. (IVD) EP at the 
secretion phase. ** p<0.05 (vs. control 
endometrium at the secretion phase); 
error bars, SEM.

Cases
IPO13 bcl-2

Proliferation phase Secretion phase Proliferation phase Secretion phase

Control 20  0.91±0.10  0.85±0.18  0.64±0.13  0.50±0.16

EP 20  0.43±0.06*  0.22±0.09**  0.95±0.13*  0.90±0.08**

Table 1. The relative expression levels of IPO13 and bcl-2 proteins in normal endometrial and EP tissues.

(Data given as mean ±SEM. * p<0.05, vs. control endometrium at the proliferation phase and ** p<0.05, vs. control endometrium at the secretion 
phase; Error bars, SEM.).
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stem cells were reduced in the EP patients. However, in 
endometriosis and endometrial cancers, the expression of 
c-kit was increased compared to that in the normal endo-
metrial tissues; higher cell proliferation was also observed. 
Therefore, from the perspective of the endometrial stem 
cell, the pathogenesis of EPs, endometriosis, and endome-
trial cancer may be different [25,26]. The expression levels 
of IPO13 and c-kit in the EPs were low, but they were high 
in the endometrial cancer; therefore, they can be used to 
determine if an EP is cancerous.

Telomerase is a reverse transcriptase that is associated with 
the proliferation and differentiation of embryonic stem cells, 
bone marrow mesenchymal stem cells, induced pluripotent 
stem cells (IPS cells) and tumor stem cells [27,28]. The dif-
ferent telomerase activities during the menstrual cycle may 
reflect the different activities of the endometrial stem cells 
[29]. Our studies show that the expression of telomerase 
was decreased in the EP patients compared to the controls 
during both the proliferation and secretion phases, suggest-
ing a lower proliferation of endometrial stem cells in EP pa-
tients. The expression of telomerase in EPs is high in endo-
metrial cancer and endometriosis; therefore, it can be used 
to determine if an EP is cancerous.

Bcl-2 is an oncogene, and it can inhibit apoptosis [30–32]. 
It can reduce oxygen free radicals, block the intracellular 
Ca2+ influx into cell organelles, inhibit p53-dependent apop-
tosis, and antagonize c-myc [33–35]. The function of bax is 
opposite to that of bcl-2 [36]; it can accelerate programmed 
cell death. The ratio of bcl-2: bax determines if a cell lives or 
dies. During the proliferation phase of the menstrual cycle, 
the expression levels of bcl-2 and bax are upregulated, and 
the 2 proteins form a heterogeneous complex. Therefore, 
mitochondrial-induced apoptosis of the endometrial epi-
thelial cells is reduced, and the endometrial cells continue 
proliferating, thereby making the endometrial tissue thick-
er. After entering the secretory phase, bcl-2 expression is de-
creased; however, bax expression is increased, and the ratio 
of bcl-2/bax decreases. The bax proteins form more bax/
bax homodimers, which lead to cytochrome C release and 
caspase activation, which induces apoptosis of the endome-
trial epithelial cells [2,37–39]. Under physiological condi-
tions, bax could induce a low level of apoptosis in endome-
trial tissues, which is called “housekeeping apoptosis” [2]. 
In our study, we found bcl-2 to be strongly expressed dur-
ing the proliferation phase, but weakly expressed during the 
secretion phase of the menstrual cycle. However, the weak 
expression of bcl-2 was not significant, unlike that from 
previous reports [2,40]. This may have resulted from the 
use of different samples. Maia et al collected samples from 
curettage surgery, and the polyps could have been mixed 
with surrounding endometrial tissues [40]. The samples in 
a study by Taylor et al were limited to the proliferation or 
secretion phases [2].

Caspases are a family of cysteine proteases that play essen-
tial roles in apoptosis and have been termed “executioner” 
proteins for their roles in the cell. The caspase3 protein 
plays a central role in the execution-phase of cell apopto-
sis [41,42]. Our study found that the expression of caspase3 
was decreased in the EP patients compared to that of the 
normal endometrial tissues during both the proliferation 
and secretion phases (Figure 1). This further supports the 

notion that the reduced apoptosis plays important roles in 
the development of EPs.

The overexpression of bcl-2 in the proliferative EP tissues 
led to a higher ratio of bcl-2/bax; therefore, more bcl-2/
bax heterodimers were formed. Thus, in these tissues, less 
“housekeeping apoptosis” was observed. In the secretory 
EP tissues, bcl-2 expression remained at a high level, and 
the expression of bax was significantly lower than that in 
the normal endometrium. Therefore, a high ratio of bcl-
2/bax persisted, and apoptosis was inhibited. We speculate 
that the increased expression of bcl-2 during the prolifer-
ation phase, and the decreased expression of bax during 
the secretion phase, led to less cell apoptosis and, ultimate-
ly, the formation of EPs.

conclusions

In summary, our study reveals that the proliferation of en-
dometrial stem cells was decreased in EP tissues compared 
to that of the normal endometrium. Apoptosis of the endo-
metrial cells was also reduced. These factors likely led to the 
development of EPs. The expression levels of IPO13, telom-
erase, and c-kit are low in EPs, but they are high in endome-
trial cancer; thus, these biomarkers may be used for differ-
ential diagnosis. The finding of reduced stem cell marker 
expression in the endometrium of patients with endometri-
al polyps may indicate that, compared to endometrial can-
cer, the tissue in this benign disease is more differentiated.
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