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 Background: Endometriosis can cause dysmenorrhea and infertility. Its pathogenesis has not yet been clarified and its treat-
ment continues to pose enormous challenges. The protein tyrosine phosphatase (PTEN) gene is a tumor suppres-
sor gene. The aim of this study was to investigate the role and significance of PTEN protein in the occurrence, 
development, and treatment of endometriosis through changes in apoptosis rate, cell cycle, and angiogenesis.

 Material/Methods: PTEN was overexpressed and silenced in lentiviral vectors and inserted into primary endometrial cells. The 
changes in cell cycle and apoptosis in the different PTEN expression groups were evaluated using flow cytom-
etry. Vessel growth mimicry was observed using 3-dimensional culture. A human-mouse chimeric endometrio-
sis model was constructed using SCID mice. Hematoxylin and eosin staining and immunohistochemistry were 
used to detect pathological changes in ectopic endometrial tissues and the expression of VEGF protein in a hu-
man-mouse chimeric endometriosis mouse model.

 Results: PTEN overexpression significantly increased apoptosis and inhibited the cell cycle compared with the silenced 
and control groups. Furthermore, cells expressing low PTEN levels were better able to undergo vasculogenic 
mimicry, and exhibited significantly increased angiogenesis compared to cells overexpressing PTEN. We found 
that ectopic foci were more easily formed in the endometrial tissue of SCID mice with low PTEN expression, 
and the VEGF expression in this group was relatively high.

 Conclusions: PTEN inhibits the occurrence and development of endometriosis by regulating angiogenesis and the apoptosis 
and cell cycle of endometrial cells; therefore, we propose that the PTEN gene can be used to treat endometriosis.
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Background

Endometriosis (EM) refers to a condition in which endometri-
al tissues grow outside the uterine mucosa. These ectopic en-
dometrial tissues exhibit growth, invasion, planting, and cy-
clical bleeding under the influence of sex hormones. EM is a 
chronic disease, and its pathogenesis has not yet been clari-
fied; therefore, its treatment continues to pose enormous chal-
lenges. Treatment of EM with drugs is associated with several 
adverse effects, including liver damage, weight gain, gastroin-
testinal reactions, and menopause-like symptoms. Furthermore, 
low estrogen-related adverse effects limit the long-term use of 
drugs, as the treatment can affect ovulation and thus reduce 
fertility potential, and the recurrence rate after stopping med-
ication is high [1]. The symptoms of EM include severe dys-
menorrhea and infertility, and it has a higher 5-year recurrence 
rate after conventional surgery; therefore, it greatly affects the 
quality of life and reproductive health of women. The morbid-
ity of EM has significantly increased over the past few years, 
and the pathogenesis, biological characteristics, and alterna-
tive treatment approaches of EM have now become an impor-
tant focus of fundamental gynecology research.

The protein tyrosine phosphatase (PTEN) gene is a tumor sup-
pressor gene (approximately 55 kD in size) located on chro-
mosome 10q23.3. It is composed of 9 exons, including 1209 
nucleotides that can encode the 403-amino-acid protein tyro-
sine phosphatase (PTEN) [2]. This enzyme plays a role in de-
phosphorylation of threonine, serine, and tyrosine, and PTEN 
with C-terminal mutations will lose the phosphatase activity. 
Many scholars have studied the expression of the PTEN gene 
in endometrial, breast, prostate, and ovarian cancer, confirm-
ing a higher frequency of deletions or mutations in PTEN in 
many types of tumors [3–6]. Furthermore, it was reported that 
PTEN inactivation can lead to loss of tumor suppressor func-
tion, which is associated with the occurrence and progres-
sion of tumors.

PTEN has been implicated as one of the housekeeping genes in 
the endometrium [7]. Therefore, its expression in endometriosis 
is of special significance. Govatati et al. analyzed the PCR genes 
in the ectopic endometrium and found a high (84.4%) frequen-
cy of loss of heterozygosity in chromosome 10q23.3, which is 
structurally the site of the PTEN gene. Structural frameshift 
and insertion mutations occurred at 10: 89692992–89692993, 
which is an important N-terminal phosphatase region of PTEN. 
Govatati et al. suggested that the PTEN-PI3K/Akt-Bad axis may 
be involved in the pathogenesis of endometriosis [8].

Direct or indirect interactions among PTEN, VEGF, and VEGFR 
play an important role in occurrence and development of many 
human tumors, angiogenesis, tumor invasion, and metasta-
sis [9]. Moreover, research has shown that PTEN can play an 

important role in angiogenesis and regulate the expression of 
vascular endothelial growth factor (VEGF) through the PI3K/AKT 
signaling pathway, suppressing the generation of new blood 
vessels [10,11]. Thus, we speculated that the PTEN gene can 
inhibit the generation of new blood vessels by inhibiting the 
PI3K/Akt signaling pathway and inhibiting VEGF generation. 
Thus far, very few studies have determined whether re-initiat-
ing the expression of the PTEN gene can prevent and treat en-
dometriosis; therefore, further studies are required to explore 
the involvement of the PTEN gene in endometriosis.

In this study, we investigated the role of PTEN in endometrio-
sis in primary cultured human endometrial cells and a human-
mouse chimeric EM animal model. Furthermore, we studied 
the relationship between the PTEN expression level and the 
development of EM, as well as the preventive and therapeu-
tic effects of re-initiating PTEN expression on EM by studying 
the cell cycle changes in primary endometrial cells after PTEN 
transfection, apoptosis, angiogenesis, and VEGF expression of 
ectopic endometrial tissues in the animal model. We hope to 
identify approaches to prevent and treat EM by re-expression 
of the PTEN gene in the near future.

Material and Methods

Reagents and tissue sources

Female severe combined immunodeficiency (SCID) mice were 
purchased from Shanghai B&K Universal Group Limited (li-
cense number: SCXK (Shanghai) 2013-0016). Endometrial 
samples were obtained from patients with hysteromyoma 
who had undergone hysterectomies at the Nanjing Maternity 
and Child Health Care Hospital Affiliated to Nanjing Medical 
University in August 2013. Endometrial tissue samples were 
collected aseptically during the operation, and treated within 
1 h after collection by rinsing repeatedly in cold phosphate-
buffered saline (PBS) and storing in sterile Dulbecco’s modi-
fied Eagle’s medium (DMEM) until analysis.

Ethics approval

The specimens were obtained after approval of the Ethics 
Committee of the Nanjing Maternity and Child Health Care 
Hospital Affiliated to Nanjing Medical University, and informed 
consent was obtained from all the included patients.

Culture and identification of primary endometrial cells

Fresh endometrial specimens were placed in a sterile cul-
ture dish and washed 3 times with phosphate-buffered sa-
line (PBS) to remove surface impurities and blood. The tissue 
samples were cut into 1-mm3 blocks, and 2–3 mL of 0.1% I 
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collagenase was added to the samples, which were then incu-
bated with shaking in a 37°C thermostatic water bath for 60–
100 min to digest tissues. The reaction was stopped when the 
tissue blocks disappeared and single cells were observed un-
der the microscope. The cell suspension was filtered through 
a 300-mesh cell strainer, and the filtrate was centrifuged at 
800 rpm for 5 min. The epithelial cell culture broth was shift-
ed to a culture flask for continuous culture when the mesen-
chymal cells grew with adherence. Two kinds of cells were in-
cubated at 37°C with 5% CO2, and the medium was replaced 
after 24 h to remove dead non-adherent cells and blood cells. 
Mouse anti-human cytokeratin antibodies and mouse anti-hu-
man vimentin antibodies were selected as the specific mark-
ers, fluorescein immunothiocyanate (FITC) was used to label 
secondary antibodies, and the isolated cells were identified by 
immunofluorescence staining.

Overexpression of PTEN and construction of silent 
lentiviral vector

The PTEN gene was subcloned into the pLV-IRES-PURO plas-
mid after synthesis; the siRNA and siNC of the 3 PTEN genes 
were synthesized, and 5’-AAGTAAGGACCAGAGACAA-3’ was de-
termined as a valid sequence from the 3 sequences. This se-
quence was designed as short-hairpin RNA (shRNA) and con-
structed into the pLV2-shPTEN and pLV2-shNC vectors. They 
were then transfected into 293T cell-packed lentivirus after 
plasmid extraction to infect primary endometrial cells. PTEN 
expression was measured using Western blot analysis.

Detection of cell cycle by flow cytometry

The samples were divided into 5 groups and each group was 
subjected to different conditions. Endometrial cells in the blank 
group were cultured in control medium. Cells in the vector and 
over-PTEN groups were transfected with pLV-NC and pLV-PTEN, 
respectively, with the pLV-NC acting as a negative control. Cells 
in the siNC and si-PTEN groups were transfected with lenti-
virus carrying the scrambled and si-PTEN sequences, respec-
tively, to knockdown the expression of PTEN.

In order to collect the cells in the different groups, the cultures 
were centrifuged, the supernatant was discarded, the pellet 
was washed twice with cold PBS, and the cells were fixed by 
slowly adding 1 mL of pre-cooled 70% ethanol at 4°C for 30 
min after homogeneous mixing. The cells were centrifuged 
again, washed with pre-cooled PBS to remove ethanol, cen-
trifuged, resuspended in 0.2 mL PI dye liquor after discarding 
the supernatant, mixed with RNaseA to achieve a final con-
centration of 50µg/ml, and allowed to stand at 4°C for 30 min. 
The precipitate was then discarded after centrifugation, the 
supernatant was removed, and the cells were resuspended in 
0.2 mL of PBS before flow cytometry analysis.

Detection of cell cycle and apoptosis by flow cytometry

The cells in each of the 5 groups were collected by centrifuga-
tion and washing with PBS as described previously. The cells 
were suspended in 200 μL of 1× buffer and 5 μL of Annexin 
V, incubated in the dark for 15 min, and collected by centrif-
ugation. Then, the cells were washed with 1× buffer and re-
suspended in 200 μL of 1× buffer, and tested on the flow cy-
tometer after adding 5 μL of PI.

Analysis of vasculogenic mimicry of cell growth

Matrigel solution (0.5 mL in medium at a 1: 1 ratio) was seeded 
in the wells of a 24-well plate and incubated at 37°C for 30–90 
min to promote solidification. The primary log-phase endome-
trial cells in all the 5 groups were washed 3 times with serum-
free PBS and resuspended at the concentration of 5×105 cells/
mL in complete medium containing DMEM after digestion. The 
cells were seeded in a 24-well plate (50 μL/well) and incubat-
ed at 37°C for 72 h, and angiogenesis was observed and pho-
tographed under a phase-contrast microscope.

Construction of human-mouse chimeric endometriosis 
model

Eighteen female SCID mice were used in this study. The mice 
were reared in cages at 20–22°C and a relative humidity of 
40–60%, and given access to food and water ad libitum. They 
were randomly divided into 3 groups of 6 mice each. The en-
dometrial samples were obtained from women in the operat-
ing room of Nanjing Maternity and Child Health Care Hospital, 
and immediately rinsed several times with sterile PBS in a pe-
tri dish, cut with ophthalmic scissors to obtain approximately 
1-mm3 tissue blocks, and placed into 5-mL centrifuge tubes. 
The supernatant was discarded after centrifuging at 500 rpm 
for 5 min, and the underlying endometrial tissue blocks were 
placed into the wells of a 24-well plate with DMEM/F12 con-
taining 10% FBS, 100 U/mL penicillin, and 10 nmol/L 17b-es-
tradiol. Complete medium was added after conventional infec-
tion with different lentiviruses for 6 h, and the medium was 
renewed after 24 h. The endometrial tissue was collected af-
ter 48 h of culture, washed 3 times with PBS containing 2% 
FBS, and placed in 300 μL of PBS containing 2% FBS. All the 
above-mentioned procedures were carried out under aseptic 
conditions. The endometrial tissue blocks of the over-PTEN, si-
PTEN, and blank groups were collected in 1.5-mL Eppendorf 
tubes with DMEM/F12 medium. Five 1-mm3 tissue blocks were 
separately injected into the abdominal skin of 6 SCID mice to 
establish SCID models of mice from the PTEN overexpression, 
PTEN knockdown, and control groups. The mice received intra-
muscular injections of 2 mg/kg estradiol benzoate by 5 days 
after implanting, and the mice were sacrificed by cervical dis-
location after 20 days.
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Immunohistochemical analysis of lesion tissue sections of 
human-mouse chimeric endometriosis model

The lesions were obtained by dissection of the mice. The speci-
mens were embedded in paraffin and sectioned to obtain 5-μm 
serial sections. Hematoxylin and eosin (HE) staining was car-
ried out for part of the biopsy tissues, and the changes in the 
glands, mesenchyme, and epithelium were observed under a 
light microscope. Two-step immunohistochemistry was used to 
detect the changes in the expression levels of PTEN and VEGF 
for part of biopsy tissues: the paraffin sections were dewaxed 
in xylene and hydrated in an ethanol gradient. Microwave an-
tigen retrieval was carried out, and the sections were washed 
with PBS, after which serum was added. The primary antibod-
ies were added after blocking the nonspecific binding sites, 
and PBS was used instead of the primary antibodies in the 
negative control. The mixture was then incubated in the refrig-
erator at 4°C overnight. The secondary antibodies were add-
ed after washing with PBS, and incubated at 37°C for half an 
hour. A color developing agent was added after adding SABC, 
and the samples were stained by hematoxylin, dehydrated, 
and mounted.

PTEN expression was considered positive when brown gran-
ules were observed in the cytoplasm or nucleus. VEGF stained 
claybank was localized in vascular endothelial cells. A score of 
0 indicated no positive cells; 1 indicated 1–25% positive cells; 
2 indicated 26–49% positive cells; while a score of 3 indicated 
>50% positive cells. The color intensity was graded as follows: 
0, no color; 1, pale yellow; 2, claybank; and 3, brown. Based 
on their scores, each section was scored as – (0), + (2–3), ++ 
(4–5), and +++ (>5) by calculating the negative and positive 
rates in each group and calculating the P value of the differ-
ence between the groups based on the positive rate.

Statistical analysis

All values are expressed as mean x±s. Significant differences 
among the groups were determined using one-way analysis 
of variance (ANOVA). A value of P<0.05 was considered sta-
tistically significant.

Results

Culture and identification of primary endometrial cells

The isolated cells completed basic adherence after 24 h, and 
the epithelial cells grew into a dense monolayer with swirl-
ing arrangement 3 days after inoculation. The cells were po-
lygonal or tadpole-shaped and exhibited clear cell boundaries. 
Interstitial cells were fusiform cells with fibroblast morpholo-
gy (Figure 1). The isolated cells were covered with 25-cm2 cell 

culture flasks for about 5–7 days, then digested by trypsin for 
passage. The endometrial epithelial cells expressed cytokeratin, 
and the interstitial cells expressed vimentin. Mouse anti-human 
cytokeratin antibodies and mouse anti-human vimentin anti-
bodies were used for immunofluorescence staining (Figure 2).

Identification of PTEN overexpression and the interference 
silencing efficiency by Western blot analysis

After infecting the endometrial cells with PTEN overexpress-
ing lentivirus, the PTEN expression was upregulated 2-fold; af-
ter infecting the cells with lentiviral vector mediating PTEN in-
terference, the silencing efficiency was about 70% (Figure 3).

Apoptosis and changes in the cell cycle

Results of the flow cytometry revealed the percentages of 
apoptosis in all the groups. The percentages of apoptosis in 
the blank, vector, and over-PTEN groups were 11.7±0.03%, 
7.90±0.07%, and 15.8±0.14%, respectively. In the siNC and si-
PTEN groups, the percentages of apoptosis were 9.47±0.11% 
and 5.33±0.08%, respectively (Figure 4). As shown in Figure 4 
and Table 1, the overexpression of PTEN significantly increased 
the rate of apoptosis of primary endometrial cells, whereas si-
lencing its expression significantly reduced the apoptosis rate 
compared with the control group (* P Value <0.05).

Figure 5 and Table 2 present the results of the cell cycle de-
tection using flow cytometry analysis. After transfection of the 
lentiviral vector overexpressing PTEN, the proportion of G0/G1 
phase cells significantly increased compared with the control 
group. The proportion of G2/M phase gradually decreased, and 
the results of the analysis showed cell cycle arrest at the G0/

Figure 1. Morphology of human endometrial cells (400×).
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G1 phase in cells in the overexpression group. On the contrary, 
the proportion of G0/G1 phase cells significantly decreased in 
the PTEN knockdown group compared with the control group.

Analysis on vasculogenic mimicry

Figure 6 presents the microscopic analyses of the 5 groups. The 
micro-tubular structures shown in the Figure are a simulation 
of angiogenesis. It can be seen that angiogenesis was inhibit-
ed after PTEN overexpression in endometrial cells, angiogen-
esis significantly increased when PTEN expression was low.

HE staining of endometrial tissue

At low magnification, the transplants were seen to have grown 
into 1 or more cavity-like structures, and there were secretions 
in the cyst cavity. The epithelium in the inner face of the cavi-
ty, lamina propria, and gland-like structures and stromal cells 

of the lamina propria were similar to the corresponding cell 
layers in the eutopic uterus and endometrium of normal con-
trol mice (Figure 7).

Immunohistochemical results of PTEN and VEGF in the 
human-mouse chimeric endometriosis model

PTEN-positive staining revealed distribution of the protein in 
the cytoplasm or nucleus and surrounding the implants, evi-
denced by the brown stain. Immunohistochemical staining re-
vealed differences in PTEN expression in the mouse endome-
trial lesions between the control group (Figure 8A), si- PTEN 
group (Figure 8B), and over-PTEN group (Figure 8C). The rate 
of PTEN-positive cells was significantly higher in the over-
PTEN group than in the control and si-PTEN groups (Figure 9).

VEGF-positive staining was found to be localized in vascu-
lar endothelial cells, and some of the capillaries formed a 
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Figure 2.  Isolation and characterization of human endometrial cells. Immunofluorescence staining for cytokeratin 19 (A–C) and 
vimentin (D–F) on endometrial cells. The epidermal stem cell marker cytokeratin 19 and the stromal cell marker vimentin 
were detected. The endometrial cells were positive for both markers. Original magnification, 200×.
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Figure 3.  Confirmation of PTEN overexpression and knockdown by Western blot. The expression of PTEN was significantly decreased 
in endometrial cells by si-PTEN (*** P Value <0.001 vs. si-control), PTEN was significantly increased by PTEN infection 
(*** P Value <0.001 vs. control).
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Figure 4.  Effect of PTEN overexpression or knockdown on the apoptosis of human endometrial cells.

Group N Apoptosis rate (%)

Blank group 3  11.7±0.03

Vector group 3  7.90±0.07

siNC group 3  9.47±0.11

si-PTEN group 3  5.33±0.08*

Over-PTEN group 3  15.8±0.14*

Table 1. Statistical data of the apoptosis rate in five groups.

Group N G0/G1 (%) G2/M (%)

Blank group 3  60.46±0.24 5.52

Vector group 3  60.08±0.32 5.82

siNC group 3  60.88±0.17 13.64

si-PTEN group 3  56.64±0.32* 3.73

Over-PTEN group 3  66.41±0.19* 3.85

Table 2. Cell cycle status in the five groups.
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lumen (Figure 10A–10C). The rate of VEGF-positive cells was 
higher in the si-PTEN group than in the control and over-PTEN 
groups (Figure 11), showing that silencing the expression of 
PTEN may promote the formation of endometrial lesions. In 
other words, as the rate of VEGF-positive cells was significant-
ly lower in the over-PTEN groups group than in the si-PTEN 
group, PTEN overexpression may inhibit the formation of en-
dometrial lesions.

Discussion

The pathogenesis of endometriosis is unknown. There are more 
than 10 different theories regarding the cause of the disease, 
but the majority scholars accept the theory of menstrual blood 
reflux ectopic implantation proposed by Sampson in 1927. 
According to this theory, EM primarily occurs due to intrauter-
ine menstrual blood reflux into the pelvic cavity through fallo-
pian tubes during the menstrual period, as a result of which 
endometrial fragments in the menstrual blood implant onto 
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Figure 5.  Effect of PTEN overexpression or knockdown on the cell cycle of human endometrial cells.

Figure 6.  Effect of PTEN overexpression or knockdown on angiogenesis of human endometrial cells. Representative phase-contrast 
photomicrographs of human endometrial cells plated on Matrigel in basal conditions. (A) Blank group; (B) Vector group; 
(C) siNC group; (D) si-PTEN; (E) Over-PTEN group.
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the ovarian surface, uterus-rectum fossa, other pelvic organs, 
and peritoneal surfaces, causing hyperplasia, secretion, bleed-
ing, and other ovarian hormone-induced changes. This theo-
ry aims to provide a theoretical basis for clinical intervention.

Previous research has suggested that the spontaneous apop-
tosis of endometrial cells is a key factor in maintaining the 
normal structure and function of endometrial tissue, and ab-
normal apoptosis can lead to implantation and survival of en-
dometrial cells outside the uterine cavity. The anti-apoptotic 

Figure 7.  Hematoxylin and eosin staining of lesions transplanted into the peritoneal cavities of severe combined immunodeficiency 
(SCID) mice (magnification, 200×). (A) Control group, (B) si-PTEN group, (C) Over-PTEN group.

A B C

Figure 8.  PTEN expression in the endometrial lesions of severe combined immunodeficiency (SCID) mice (200×, Bar=100 μm). 
(A) Control group; (B) si-PTEN group; (C) Over-PTEN group.
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Figure 9.  Rate of PTEN expression in the endometrial lesions of 
severe combined immunodeficiency (SCID) mice.
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ability of ectopic endometrial cells is enhanced in EM, inhib-
iting apoptosis. Therefore, the balance between proliferation 
and death of endometrial cells is destroyed, and the rate of 
cell death is less than the proliferation rate, and the surviv-
al time of the endometrial cells is prolonged, facilitating the 
proliferation and implantation of these cells outside the uter-
ine cavity [12,13]. PTEN can inhibit cell mitosis by negatively 
regulating the PI3K pathway to promote apoptosis [14]. The 
PTEN/Akt signaling pathway can inhibit cell proliferation and 
induce apoptosis [15,16]. The downregulation of PTEN enhanced 
the anti-apoptotic ability of ectopic endometrial cells, causing 
changes in the cell cycle regulatory mechanisms, leading to 
the ectopic survival and implantation of refluent endometri-
um. Another study [17] showed that PTEN can inhibit integrin-
mediated cell spreading, consequently reducing the adhesive 
capacity of endometrial cells. Reducing the PTEN expression 
resulted in increased invasion and metastasis ability of endo-
metrial cells, which was beneficial to the growth of ectopic en-
dometrial cells. We successfully conducted a primary cell cul-
ture of human endometrial cells and identified endometrial 
glandular epithelial cells and stromal cells in the culture, and 
demonstrated that silencing the PTEN gene expression could 
significantly reduce the rate of apoptosis of human primary 
endometrial cells and reduce the proportion of G0/G1 phase 
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Figure 10.  VEGF expression in the endometrial lesions in severe combined immunodeficiency (SCID) mice (200×, Bar=100 μm). 
(A) Control group; (B) si-PTEN group; (C) Over-PTEN group.
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Figure 11.  Rate of VEGF expression in the endometrial lesions 
of severe combined immunodeficiency (SCID) mice 
(*** P Value <0.05). 
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cells. We also found that overexpression of PTEN significant-
ly increased the apoptosis rate, increased the proportion of 
G0/G1 phase cells, reduced the proportion of G2/M phase cells, 
and resulted in cell cycle arrest at the G0/G1 phase. Together, 
these results suggest that re-expression of PTEN can induce 
apoptosis of endometrial cells, which could be explored as a 
potential strategy for preventing and treating endometriosis.

The occurrence and development of endometrial lesions must 
be maintained by building new vessels [18], so angiogene-
sis is the central link in the pathogenesis of endometriosis. 
Angiogenesis is a complex process that includes many steps, 
such as vascular endothelial cell proliferation, migration, and 
extracellular matrix degradation. A variety of cytokines, growth 
factors, and sex hormones are involved in the regulation of 
angiogenesis, and the PI3K/Akt signaling pathway is also ac-
tivated in this process. Kim et al. found that the enhanced 
Akt activity had a positive effect on the establishment of ec-
topic endometrial tissue [19]. Vascular endothelial growth fac-
tor (VEGF) is widely recognized as the most important pro-an-
giogenic factor. PI3K can be activated when VEGF combines 
with VEGFR, promoting PIP2 to generate PIP3 by phosphor-
ylation. PIP3 acts on the downstream target proteins via the 
PI3K/Akt signaling pathway to promote the synthesis of VEGF, 
thereby promoting the formation of blood vessels [20–22]. Ye 

et al. found that in human liver cancer, the dose-dependent 
performance of the PTEN inhibitor could recover the expres-
sion of VEGF and the ability of human umbilical vein endo-
thelial cells to form capillary structures induced by hepatoma 
cells [23], which also illustrated that PTEN can affect angio-
genesis by acting on VEGF.

Some researchers have found that the serum VEGF concen-
tration in patients with phase I and II endometriosis is signif-
icantly higher than the levels in patients with phase III and 
IV endometriosis and controls, indicating that the increased 
serum VEGF level may be associated with early endometrio-
sis [24]. Other researchers have speculated that VEGF may pro-
mote the occurrence and development of EM by stimulating 
lymphangiogenesis, intimal lymphatic metastasis, and newly 
generated capillaries in ectopic lesions [25].

In the present study, angiogenesis was simulated using micro-
tubular structures, and we found that in human endometrial 
cells, silencing PTEN significantly increased angiogenesis, while 
its overexpression inhibited angiogenesis. Morphologically, this 
finding directly indicates the inhibitory effect of PTEN on angio-
genesis. The difference of PTEN immunohistochemical staining 
of mouse endometriosis lesions in the PTEN-overexpression 
group, PTEN knockdown group, and control group confirmed 
the successful establishment of an animal model. In the animal 
model, the rate of VEGF-positive rate was higher in the si-PTEN 
group than in the control and over-PTEN groups, suggesting 
that silencing PTEN may promote the formation of endometri-
al lesions. However, the proportion of VEGF-positive cells was 
significantly lower in the PTEN overexpression group than in 
the other groups, suggesting that PTEN not only promotes 
the apoptosis of ectopic endometrial cells but may also inhib-
it the formation of endometriotic lesions by acting on VEGF. 
Therefore, we consider that the changes in PTEN expression 
status will affect the occurrence and development of endo-
metriosis, and we propose that the PTEN gene may be used 
for the treatment of endometriosis. In the latter part of the 
experiment, we further elaborated the relationship between 
PTEN and VEGF in the development process of endometriosis 
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by quantitative analysis, and study whether there is another 
mechanism by which PTEN affects the occurrence and devel-
opment of endometriosis.

Conclusions

We found PTEN affects endometriosis by regulating angiogen-
esis, apoptosis, and cell cycle of endometrial cells. Our results 
demonstrate that PTEN inhibits the occurrence and develop-
ment of endometriosis, and we propose that the PTEN gene 
can be used to treat endometriosis.

Acknowledgments

We would like to thank the Nanjing Department of Health of 
China and Nanjing Medical University for providing funding. 
We also wish to thank Professor Guo Xirong and all the par-
ticipants for their help.

Conflicts of interest

The authors have no financial conflicts of interest.

References:

 1. Chlouber RO, Olive DL, Pritts EA: Investigational drugs for endometriosis. 
Expert Opin Investing Drugs, 2006; 15(4): 399–407

 2. Steck PA, Pershouse MA, Jasser SA et al: Identification of a candidate tu-
mour suppressor gene, MMAC1, at chromosome 10q23.3 that is mutated 
in multiple advanced cancers. Nat Genet, 1997; 15(4): 356–62

 3. Garcia-Dios DA, Lambrechts D, Coenegrachts L et al: High-throughput in-
terrogation of PIK3CA, PTEN, KRAS, FBXW7 and TP53 mutations in prima-
ry endometrial carcinoma. Gynecol Oncol, 2013; 128(2): 327–34

 4. Zhang HY, Liang F, Jia ZL et al: PTEN mutation, methylation and expression 
in breast cancer patients. Oncol Lett, 2013; 6(1): 161–68

 5. Kinross KM, Montgomery KG, Kleinschmidt M et al: An activating Pik3ca 
mutation coupled with Pten loss is sufficient to initiate ovarian tumorigen-
esis in mice. J Clin Invest, 2012; 122(2): 553–57

 6. Darido C, Georgy SR, Wilanowski T et al: Targeting of the tumor suppressor 
GRHL3 by a miR-21-dependent proto-oncogenic network results in PTEN 
loss and tumorigenesis. Cancer Cell, 2011; 20(5): 635–48

 7. Tang JM, He QY, Guo RX et al: Phosphorylated Akt overexpression and loss 
of PTEN expression in non-small cell lung cancer confers poor prognosis. 
Lung Cancer, 2006; 51(2): 181–91

 8. Govatati S, Kodati VL, Deenadayal M et al: Mutations in the PTEN tumor 
gene and risk of endometriosis: A case-control study. Hum Reprod, 2014; 
29(2): 324–36

 9. Jiang BH, Liu LZ: PI3K/PTEN signaling in angiogenesis and tumorigenesis. 
Adv Cancer Res, 2009; 102: 19–65

 10. Li L, He F, Litofsky NS et al: Profiling of genes expressed by PTEN haploin-
sufficient neural precursor cells. Mol Cell Neurosci, 2003; 24(4): 1051–61

 11. Zhao M, Bai H, Wang E et al: Electrical stimulation directly induces prean-
giogenic responses in vascular endothelial cells by signalingthrough VEGF 
receptors. J Cell Sci, 2004; 117(3): 397–405

 12. Harada T, Kaponis A, Iwabe T et al: Apoptosis in human endometrium and 
endometriosis.Hum Reprod Update,2004;10(1): 29～38

 13. Nishida M, Nasu K, Ueda T, et al: Endometriotic cells are resistant to in-
terferon-gamma-induced cell growth inhibition and apoptosis: A possi-
ble mechanism involved in the pathogenesis of endometriosis. Mol Hum 
Reprod, 2005; 11(1): 29–34

 14. Yajima I, Kumasaka MY, Thang ND et al: RAS/RAF/MEK/ERK and PI3K/PTEN/
AKT signaling in malignant melanoma progression and therapy. Dermatol 
Res Pract, 2012; 2012: 354191

 15. Li XT, Wang HZ, Wu ZW et al: miR-494-3p regulates cellular proliferation, 
invasion, migration, and apoptosis by PTEN/AKT signaling in human glio-
blastoma cells. Cell Mol Neurobiol, 2015; 35(5): 679–87

 16. Tan W, Gu Z, Shen B et al: PTEN/Akt-p27(kip1) signaling promote the BM-
MSCs senescence and apoptosis in SLE patients. J Cell Biochem, 2015; 
116(8): 1583–94

 17. Zheng W, Baker HE, Mutter GL et al: Involution of PTEN-null endometrial 
glands with progestin therapy. Gynecol Oncol, 2004; 92(3): 1008–13

 18. Taylor RN, Yu J, Torres PB et al: Mechanistic and therapeutic implications 
of angiogenesis in endometriosis. Reprod Sci, 2009; 16(2): 140–46

 19. Kim TH, Yu Y, Luo L et al: Activated AKT pathway promotes establishment 
of endometriosis. Endocrinology, 2014; 155(5): 1921–30

 20. Negaard HF, Iversen N, Bowitz-Lothe IM et al: Increased bone marrow mi-
crovascular density in haematologicalmalignancies is associated with dif-
ferential regulation of angiogenic factors. Leukemia, 2009; 23(1): 162–69

 21. Li WW, Hutnik M, Gehr G: Antiangiogenesis in haematolog icalmalignan-
cies. Br J Haematol, 2008; 143(5): 622–31

 22. Huang J, Kontos CD: PTEN modulates vascular endothelial growth factor-
mediated signaling and angiogenic effects. J Biol Chem, 2002; 277(13): 
10760–66

 23. Ye ZL, Huang Y, Li LF et al: Argonaute 2 promotes angiogenesis via the 
PTEN/VEGF signaling pathway in human hepatocellular carcinoma. Acta 
Pharmacol Sin, 2015; 36(10): 1237–45

 24. Kopuz A, Kurt S, Demirtas O et al: Relation of peritoneal fluid and serum 
vascular endothelial growth factor levels to endometriosis stage. Clin Exp 
Obstet Gynecol, 2014; 41(5): 547–50

 25. Masuda H, Maruyama T, Hiratsu E et al: Noninvasive and real-time as-
sessment of reconstructed functional human endometrium in NOD/SCID/
gammac(null) immtmodeficient mice. Proc Natl Acad Sci USA, 2007; 104(6): 
1925–30

3736
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Lv J. et al.: 
In vitro and in vivo effects of tumor suppressor gene PTEN…

© Med Sci Monit, 2016; 22: 3727-3736
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


