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Abstract
Background: Endometriosis is a progressive and benign disease characterized by the presence of
endometrial glands and stroma tissue outside of the uterine cavity. Though endometriosis is a benign
disease, it has the characteristics of malignant tumour growth. Abnormal expression of T-cadherin is
involved in the occurrence and progression of many tumours. We aimed to investigate whether T-cadherin
promotes the migration and invasion of endometriosis cells through the PI3K/AKT/mTOR signaling
pathway. 

Methods: Ectopic and eutopic endometrial samples from 62 female patients with endometriosis and
endometrial samples from 51 female patients without endometriosis were collected. The immortalized
endometrial stromal cell line hEM15A was cultured. Real-time RT-PCR, immunohistochemistry and
Western blot were used to detect the expression of T-cadherin, phospho-PI3K/Akt/mTOR and matrix
metalloproteinase 2 (MMP-2). Transfection technology was employed to upregulate T-cadherin
expression. The migration and invasion abilities of hEM15A cells were measured by the transwell assay
with uncoated or Matrigel-coated membranes. 

Results: The mRNA and protein expression of T-cadherin was signi�cantly decresed in the ectopic tissues
of the patients with endometriosis, while the mRNA and protein expression in the eutopic endometrial
tissues of the same patients did not signi�cantly differ from that in the patients without endometriosis.
The migration and invasion ability and phospho-PI3K/Akt/mTOR and MMP-2 expression levels were
decreased in hEM15A cells with high T-cadherin expression compared with the corresponding parameters
in the normal control group. However, everolimus and BEZ235 inhibited cell migration and invasion in
cells with low T-cadherin expression, and weakened overexpression of T‐cadherin signi�cantly attenuated
MMP-2 protein expression. 

Conclusion: Loss of T-cadherin promotes cell migration and invasion in endometriosis via the
PI3K/AKT/mTOR signalling pathway.

Background
Endometriosis is a progressive and benign disease characterized by the presence of endometrial glands
and stroma tissue outside of the uterine cavity. The main clinical symptoms include severe
dysmenorrhea, pelvic pain, and infertility, and endometriosis affects millions of women worldwide (Guan,
et al., 2016). The actual causes of endometriosis remain largely controversial, although numerous studies
have been conducted. The most widely accepted hypothesis is that endometrial tissue that was shed
re�uxed to the peritoneal cavity via the fallopian tubes during menstruation and that these ectopic
endometrial cells in�ltrated into the subperitoneum(Mate, et al., 2018). However, although up to 90% of
women experienced retrograde menstruation during their menstrual cycles, most of them had no history
of endometriosis (Basta, et al., 2014). This indicates that some other factors may participate in the
pathogenetic process of endometriotic lesion formation.
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An unusual characteristic of endometriosis is the strong invasive ability of endometriotic cells to migrate
and invade into the pelvic organs and tissues(Lagana, et al., 2017). Though endometriosis is a benign
disease, it has the characteristics of malignant tumour growth(Jiang, et al., 2018). Studies have
demonstrated that cadherin, a large superfamily of cell-cell adhesion molecules crucial for cell tight
connections, plays a vital function in cancer evolution and distant metastasis(Fulga, et al., 2015).
Because there are many similarities between endometriosis and cancer, we hypothesize that cadherin is
involved in the pathogenesis of endometriosis.

T-cadherin is a unique member of the cadherin superfamily that attaches to the plasma membrane by a
glycosylphosphatidylinositol anchor, lacks an intracellular domain and is involved in adjusting and
controlling tumour cell migration, invasion, neovascularization, metastatic potential and proliferation.
Numerous studies have shown that abnormal expression of T-cadherin is involved in the occurrence and
progression of many tumours (Nicolas, et al., 2017, Pfaff, et al., 2011, Tang, et al., 2012). The decreased
of T-cadherin expression may be connected with an increased risk of malignant development and may
therefore be a potential biomarker for certain types of cancer(Wang, et al., 2013). Re-expression of T-
cadherin can inhibit cell proliferation and invasion, augment apoptosis susceptibility and inhibit tumour
growth(Lin, et al., 2013). These results suggest that the deletion of T-cadherin may play an important role
in the progression of multiple diseases.

The dysfunction of the PI3K/Akt/mTOR pathway plays a key role in regulating tumour cell growth,
survival, invasion and migration, as well as drug resistance (Czyzykowski, et al., 2016). Previous studies
have veri�ed that the PI3K/Akt/mTOR signalling pathway participates in the pathophysiology of
endometriosis (Pavlidou and Vlahos, 2014). However, the speci�c regulatory mechanism of PI3K/Akt in
endometriosis has not been elucidated.

The function of T-cadherin in endometriosis development remains to be further clari�ed. In this study, the
effect of T-cadherin on the migration and invasion of endometriotic endometrial stromal cells (ESCs) and
the connection between T-cadherin and the PI3K/Akt/mTOR pathway were investigated.

Methods
Ethical approval

This research conforms to and was conducted in accordance with the Enhancing the QUAlity and
Transparency Of health Research guidelines (http://www.equatornetwork.org/). All fresh human tissue
specimens were collected after informed consent was obtained from the patients on the basis of the
request of the Foshan First People’s Hospital Scienti�c Research Ethics Committee in the years from
December 2017 to August 2018.

Tissue sample collection
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According to the requirements of the First People's Hospital of Foshan Ethics Committee, all fresh tissue
specimens were acquired with the patients' informed consent in the years from 2017 to 2018. Sixty-two
Chinese-Han premenopausal women from 24-46 years of age with endometriosis who had a normal
menstrual cycle of between 24 and 30 days were recruited for this study. All of the patients who were
undergoing a laparoscopic procedure due to pain or other benign indications did not receive any hormone
therapy or use an intrauterine device. Endometriosis was diagnosed by ultrasonography. The ectopic
endometriosis lesion (ectopic) and endometrium (eutopic) tissues from surgical excision were con�rmed
by postoperative pathological examination. The study excluded patients with any other pelvic diseases
that may affect the data.

Fifty-one Chinese-Han women without endometriosis underwent laparoscopic surgery for uterine �broids
and were included as a control group (mean age: 39.1, range: 36-45 years). All patients were con�rmed to
not have endometriosis by laparoscopic examination.

We make an appointment with patients and the menstrual cycle was determined in terms of the
menstrual cycle date and endometrial histological analysis. On the day of the laparoscopic examination,
54.8% (34/62) and 47.1% (24/51) of the patients in the endometriosis group and in the control group
were in the proliferative phases of the menstrual cycle, respectively. On the day of the laparoscopy, 45.2%
(28/62) and 52.9% (27/51) of the women in the endometriosis group and the patients in the control group
were in the secretory phases of the menstrual cycle, respectively. Menstruating women were not included
in the study. Fresh samples were separated for immunohistochemistry, total RNA extraction and protein
extraction.

Immunohistochemistry

T-cadherin protein expression from a small series of ectopic, eutopic and control endometrial tissue
specimens from the pathology �le of the First People’s Hospital of Foshan was explored by
immunohistochemistry in accordance with the standard protocols as described previously. The primary
antibodies used were mouse anti-T-cadherin antibodies (According to the product speci�cation and our
pre-test, the antibody was diluted 1:500; ab86192, Abcam, USA) and the secondary antibody incubated
with the biotinylated (According to the product speci�cation and our pre-test, the antibody was diluted
1:1000; Zhongshan Golden Bridge Inc., China). Immunohistochemical scoring in each section was
performed using Image-Pro Plus.

Western blotting

Ectopic, eutopic and control endometrial tissue proteins were evaluated by using a BCA assay kit (SinoBio
Biotech) to measure the protein concentration, which was performed following the manufacturer’s
instructions. Equal amounts of protein were analysed by electrophoresis on 8% SDS-PAGE gels and
transferred to polyvinylidene �uoride membranes (Millipore, Bedford, MA). The membranes were blocked
using 5% skim milk for 2 h at room temperature. Subsequently, the membranes were incubated with
monoclonal mouse anti-T-cadherin (ab36905) and polyclonal antibody against PI3K (ab32089), p-PI3K
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(ab138364), Akt (ab126433), p-Akt (ab8933) and MMP-2 (ab97779) (Cambridge, UK) or the mouse anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (diluted 1:1000, Beyotime Biotechnology
Inc.) overnight at 4°C. The membranes were then incubated in the HRP-conjugated secondary antibody
for 2 h at room temperature. The proteins were measured by using the ECL system (CWBIOTECH, China)
with the ChemiDoc XRS system (Bio-Rad, Philadelphia, USA).

Quantitative real-time PCR

A consecutive series of 113 fresh ectopic, eutopic and control endometrial tissue samples were obtained
from the Department of Gynecology, the First People’s Hospital. The mRNA expression levels in the fresh
cervical tissues and cultured cells were detected with real-time RT-PCR (CFX96 Real-Time System, Bio-
Rad, USA) by using the SYBR Green �uorescence signal test kit according to the manufacturer’s
instructions. Real-time RT-PCR quanti�ed the mRNA expression levels and was carried out in triplicate for
each sample. The cycling conditions were set at 95°C for 5 minutes, followed by 40 cycles at 95°C for 10
s, 60°C for 5 s and 72°C for 15 s. The sequences of the primer pairs for human T-cadherin were as
follows: 5'‐TTCAGCAGAAAGTGTTCCATAT‐3' (forward) and 5'‐GTGCATGGACGAACAGAGT‐3' (reverse).
The human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was ampli�ed as an internal
reference using the following primers: 5’-GGTGGTCTCCTCTGACTTCAACA-3’ (forward) and 5’-
GTTGCTGTAGCCAAATTCGTTGT-3’ (reverse). The 2-ΔΔCt method was used to measure the relative gene
expression levels (fold change), and all the tests were performed at least three times(Guan, et al., 2019).

Cell culture

The immortalized endometrial stromal cell line hEM15A was purchased from GuangZhou Jennio Biotech
Co., Ltd. and was maintained in cell culture. Cells were cultured with DMEM (GIBCO) containing 10%
foetal bovine serum (HyClone, USA) and two antibiotics (100 units/ml penicillin and 100 μg/ml
streptomycin) (GIBCO). The cells were incubated in a humidi�ed atmosphere with 5% CO2 at 37°C. The
cell lines were authenticated.

Transfection Experiments

The pcDNA3.1 and pcDNA‐T‐cadherin plasmids were purchased and transfected into hEM15A cell lines
according to the manufacturer's instructions. After 48 h of cell transfection, T‐cadherin expression was
detected by qRT-PCR and Western blotting.

Cell migration and invasion

For the migration assay, hEM15A cells were seeded into 24-well Transwell chambers at a density of 4x105

per well with 200 µl FBS-free medium in the upper chambers (8 μm, BD, Bedford, MA, USA). For the
invasion assays, in addition to precoating the transwell membranes with 24 μg/μl Matrigel (R&D
Systems, USA), the rest of the steps were analogous to those used in the cell migration tests, and 4x105

cells were plated in the upper compartment. The lower wells were �lled with 500 µl culture medium, and
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30% foetal bovine serum was added to induce cell migration and invasion. The cells on the above surface
of the �lter were wiped off with a cotton swab after 24 h of culture. The cells on the submembrane
surface were �xed with 4% ethanol polyformaldehyde for 20 minutes, stained with 0.1% crystal violet for
2 minutes, and photographed with a CCD camera under a microscope. Five �elds were selected at
random, and the number of cells in each �eld was counted.

Statistical analysis

All data are represented by the mean ± standard deviation (SD). ANOVA was used for statistical
comparison. Statistical analysis was performed by using SPSS 16.0 software (SPSS Inc., Chicago, USA).
P values <0.05 were considered signi�cant.

Results
Decreased T-cadherin mRNA expression in endometriosis tissues

The gene expression levels of T-cadherin in ectopic, eutopic and normal endometrial tissues was
measured by qPCR. As shown in Figure 1A, compared with the control and eutopic endometrial groups, T-
cadherin mRNA expression was signi�cantly decreased in the ectopic endometriotic specimens from the
patients with endometriosis (n=62, P < 0.05). In total, 74.2% (46 out of 62 patients) of the ectopic
endometrial samples showed reduced T-cadherin expression, and 25.8% of the ectopic samples (16/62)
did not show obvious changes. Compared with the normal control group, there was no signi�cant change
in the expression of T-cadherin in the endometrium of patients with endometriosis (Figure 1A, P>0.05).
These data indicate that the mRNA expression level of T-cadherin decreases in patients with
endometriosis and is closely related to the development of endometriosis.

Decreased T-cadherin protein expression in endometriotic tissues

The gene and protein expression levels of T-cadherin were tested by immunohistochemistry and Western
blotting, respectively. The data acquired from the para�n-embedded tissue samples by
immunohistochemistry showed that the T-cadherin protein expression levels were decreased in the
ectopic endometrial samples (n=62, P < 0.01, Figure 1B, C) compared with the expression in the eutopic
and normal control samples. T-cadherin protein expression was signi�cantly decreased in 46 of the 62
patients.

The decreased T-cadherin protein expression was further con�rmed by Western blotting (Figure 1D, E).
Low protein expression of T-cadherin could be distinctly measured in the ectopic tissue samples.
Conversely, T-cadherin proteins were expressed at high levels in the normal endometria of patients
without endometriosis and those with endometriosis.

To summarize the above research results, these data indicate that T-cadherin expression decreased in
ectopic endometrial tissues of patients with endometriosis, suggesting that T-cadherin may be involved in
the progression of endometriosis.
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The correlation between T-cadherin expression and hEM15A cell migration

Our experiments con�rmed that the ectopic tissues from patients with endometriosis express low levels
of T-cadherin proteins. We wanted to determine whether there is a relationship between the enhanced
migration of ectopic endometrial stromal cells and low expression of T-cadherin. To test this hypothesis,
we investigated the relationship between T-cadherin expression and hEM15A cell migration using plasmid
transfection technology. The migration ability of hEM15A cells was detected through the transwell
migration assay under different treatment conditions (Figure 2). HEM15A cells were transfected with
lipofectamine for 48 h in the control medium or transfected with pcDNA‐Tcad or negative control
pcDNA3.1 (NC). The results showed that the number of hEM15A cells transfected with pcDNA-Tcad
decreased signi�cantly (P<0.01 vs control or NC; Figure 2). The negative control pcDNA3.1 had no
signi�cant effect on cell migration (P>0.05 vs control). These results indicate that T-cadherin is a key
protein that regulates ESC migration.

The correlation between T-cadherin expression and hEM15A cell invasion

The relationship between T-cadherin expression and hEM15A cell invasion was analysed using the
plasmid transfection technique and an invasion assay with Matrigel-precoated transwell �lters under
different treatment conditions (Figure 3). The hEM15A cells were incubated with the control medium or
negative control pcDNA3.1 (NC) or transfected with 20 μM pcDNA‐Tcad for 48 h in the presence of the
transfection agent lipofectamine. As shown in diagram 5A, the number of hEM15A cells that had invaded
across the Matrigel-precoated transwell �lters was signi�cantly reduced (P<0.01 vs NC and control; Figure
3). The negative control pcDNA3.1 had no signi�cant effect on hEM15A invasion ability (P>0.05 vs
control). These data proved that T-cadherin plays a vital role in ESC invasion.

T-cadherin effects hEM15A cell migration and invasion via the PI3K/Akt/mTOR pathway

It was shown in this study that T-cadherin reduces hEM15A cell migration and invasion; therefore, we
investigated the underlying molecular mechanism. T-cadherin is believed to affect cell function mainly
through signal transduction because the molecule is attached to the cell membrane by
glycosylphosphatidylinositol (GPI) molecules. Which signalling pathway is activated by T-cadherin? It has
been reported that T-cadherin is involved in the regulation of the activity of the PI3K/Akt/mTOR signalling
pathway in endothelial cells(Barra, et al., 2018), and on the other hand, AKT is known to take part in
regulating cell migration and invasion(Yu, et al., 2017).

To con�rm whether the PI3K/Akt/mTOR signalling pathway regulates the migration and invasion of
hEM15A cells, we evaluated the antitumour effects of PI3K/Akt/mTOR using the mTOR inhibitor
everolimus and the dual inhibitor BEZ235 in paired hEM15A cells with reduced T-cadherin expression. The
two drugs inhibit cell migration and invasion in cells with low T-cadherin expression, indicating that the
targeted action of the PI3K/Akt/mTOR pathway, especially double PI3K/mTOR inhibition, may be
effective on hEM15A cells (Figure 4). These data indicate that T-cadherin, by deregulating the
PI3K/AKT/mTOR signalling pathway, increases hEM15A migration and invasion.
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Upregulation of MMP-2 expression and its negative correlation with T-cadherin via the PI3K/Akt/mTOR
pathway in hEM15A

Cell invasion ability is closely related to MMPs. MMP-2 plays a vital role in the progression of
endometriosis (Jin, et al., 2014). Our research showed that T-cadherin expression decreased in the ectopic
tissues of the endometriosis patients and was involved in hEM15A cell invasion. Further studies revealed
the MMP-2 protein expression in different endometrial specimens, and its relationship with T-cadherin
was examined by Western blot and transfection technology. Contrary to the downregulation of T-cadherin
expression, the expression of MMP-2 protein was increased in the ectopic tissue specimens from 46
patients with endometriosis (out of 62 patients, Figure 5A, B). The average expression level of MMP-2
protein in the ectopic specimens (62 endometriosis patients) was higher than that in the eutopic tissues
from the patients with endometriosis and the control endometrial specimens from the patients without
endometriosis (P<0.01).

Using pcDNA‐Tcad to overexpress T-cadherin in hEM15A cells, the levels of phospho-PI3K, phospho-AKT
and mTOR phosphorylation were signi�cantly reduced compared with the levels in the control (P<0.01;
Figure 5 C-G). Moreover, the level of MMP-2 was markedly reduced (P<0.01; Figure 5 H). In contrast, the
level of phospho-PI3K/Akt/mTOR was not signi�cantly different in the pcDNA‐NC group compared with
the normal control group (P>0.05; Figure 5 I, J). Thus, T-cadherin clearly regulates the PI3K/AKT/mTOR
signalling pathway. However, everolimus and BEZ235 weakened the overexpression of T‐cadherin and
signi�cantly increased MMP-2 protein expression, suggesting that T‐cadherin can regulate the protein
expression level of MMP-2 via the PI3K/Akt/mTOR pathway in hEM15A cells. These data indicate that T-
cadherin, by deregulating the PI3K/AKT/mTOR signalling pathway, reduces hEM15A cell migration and
invasion.

Discussion
Despite its potent and extensive tumour inhibition effects related to a series of tumour cellular activities,
the functions of T-cadherin in the progression of endometriosis have not been illuminated. In the present
study, we identi�ed a novel T-cadherin/PI3K/AKT/mTOR functional axis as a neoteric pathogenic
pathway in endometriosis. T-cadherin downregulation may accelerate endometriosis development by
expediting the migration and invasion of ESCs via the T-cadherin/PI3K/AKT/mTOR signalling pathway.

T‐cadherin silencing has been shown to be a pivotal regulator of the evolution of tumour types, including
hepatic, prostate, skin and breast cancers, by increasing cancer cell proliferation, migration, invasion and
metastasis(Dasen, et al., 2017, Kong, et al., 2017, Philippova, et al., 2013, Yan, et al., 2008). However, the
potential molecular biological function of T-cadherin in endometriosis is not completely clear. In this
study, we discovered that the mRNA and protein expression levels of T‐cadherin were dramatically lower
in endometriotic cell lines and tissues compared with normal and eutopic endometrial tissues.
Furthermore, we investigated the function of ectopic endometrial stromal cells to explore the biological
functions of T‐cadherin on cell migration and invasion in vitro. We found that T‐cadherin regulated the
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migration and invasion ability of immortalized endometrial stromal cells via the PI3K/Akt/mTOR
pathway, indicating that T‐cadherin is strongly related to the development of endometriosis.

The abnormal expression or function of cadherin is related to alterations of cellular migration and
invasion and the transduction of cellular signalling pathways. Studies on cell adhesion molecules in
endometriosis mainly focus on E- and N-cadherin, which are closely related to the process of epithelial-
mesenchymal transition (EMT) in endometriosis(Mai, et al., 2019, Nguyen, et al., 2017). T‐cadherin is a
novel adhesion molecule member in the cadherin family that anchors glycoproteins on the cell surface
and that is responsible for cell selective recognition and adhesion; in addition, T-cadherin plays a crucial
role in cell migration and invasion(Lin, et al., 2017). Experiments have shown that T‐cadherin was
downregulated in ovarian cancer, lung cancer, cervical cancer, bladder cancer and prostate
cancer(Andreeva and Kutuzov, 2010). Moreover, T‐cadherin can regulate cancer progression by regulating
cancer cell proliferation and migration (Bosserhoff, et al., 2014). Research has shown that the re-
overexpression of T‐cadherin can suppress the migration and invasion of gastric cancer cells by
upregulating the expression of E‐cadherin and downregulating vimentin and MMP-2 expression(Lin, Chen,
Huang, Chen, Ye, Lin and Wang, 2017). Compared with vascular smooth muscle cells (SMCs) expressing
T-cadherin, SMCs lacking T-cadherin showed increased adhesion to extracellular matrix substrata and
decreased expression of matrix metalloproteinases, several integrins, and collagens(Frismantiene, et al.,
2018). Our present research demonstrated that T-cadherin plays a crucial role in the migration and
invasion of ESCs in endometriosis, which may be related to the progression of endometriosis.

Cell migration and invasion are the main steps of endometriosis and are largely dependent on matrix
degradation through matrix metalloproteinase (Hu, et al., 2018). How is T-cadherin involved in the
progression of endometriosis? It is thought that cell function is affected by T-cadherin mainly via its
signalling pathway rather than its adhesion properties because the molecule is attached onto the
membrane via a glycosylphosphatidylinositol (GPI). T-cadherin mediates its effects by regulating cell
signalling pathways. The in vitro �ndings suggested that the PI3K/Akt/mTOR pathway is a pivotal
cellular signalling pathway that in�uences various cellular functions, including cell proliferation, growth,
migration and invasion (Li, et al., 2018). PI3K regulates cell function by the phosphorylation of Akt and
mTOR. This signalling pathway plays a vital role in migration and invasion and has been shown to be
activated in multiple diseases including endometriosis (McKinnon, et al., 2016). It is widely believed that
the PI3K/AKT/mTOR pathway is an ideal therapeutic target for various diseases(Barra, Ferro Desideri and
Ferrero, 2018). In this study, we veri�ed that the deletion of T-cadherin in endometrial cells can
signi�cantly increase the protein expression of p-Akt and p-mTOR, thus expediting the PI3K/Akt/mTOR
signalling transduction cascade and facilitating endometriotic cell migration and invasion by increasing
the expression of MMP-2 protein. This result is reversed when T-cadherin protein expression is increased.
This �nding indicates that the PI3K/Akt/mTOR signalling pathway participates in the pathogenesis of
endometriosis-related migration and invasion and that loss of T-cadherin might be an initiating factor of
endometriosis. Because the peritoneal microenvironment of EM patients has changed, the endometriotic
cells can escape from immune surveillance and grow in ectopic sites(Herington, et al., 2011). Akt plays a
key role in helping cells escape immune surveillance(Russell, et al., 2018). Increased expression of
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phosphorylated AKT protein has been found in ectopic endometrial tissue in women with endometriosis,
and the aberrant AKT signalling pathway induced the formation of ectopic lesion(Kim, et al., 2014).
Excessive activation of AKT may also lead to decreased expression of progesterone receptor (PR) protein
in ectopic endometriosis(Courtoy, et al., 2018). The expression of phosphorylated mTOR protein in
ectopic lesions was higher than that in normal endometrial tissues in patients with endometriosis. The
overactivation of the mTOR pathway may also be a function involved in changing the pelvic
microenvironment in patients with endometriosis(McKinnon, Kocbek, Nirgianakis, Bersinger and Mueller,
2016). The activation of the PI3K/Akt/mTOR signalling pathway signi�cantly upregulated the expression
of MMP-2 to promote melanoma cell invasion and migration(Zhang, et al., 2017). Inhibition of
PI3K/Akt/mTOR signalling pathway activation can suppress cell growth, migration, and invasion(Bi, et al.,
2018).

Conclusion
In summary, we demonstrated that decreased T-cadherin expression can be detected in human
endometriotic tissues. Our study not only con�rmed the importance of low T-cadherin in promoting the
progression and metastasis of endometriosis but also provided detailed evidence for its pathogenesis.
Low T-cadherin increases cell migration and invasion by upregulating the expression of MMP-2 by
activating the PI3K/Akt/mTOR signalling pathway. These �ndings further our understanding of the
complex mechanisms of endometriosis and provide potential new targets for the therapy of patients with
endometriosis.
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Figure 1

Decreased expression of T-cadherin mRNA and protein in ectopic tissues from patients with
endometriosis. (A) T-cadherin mRNA expression levels detected by quantitative real time RT-PCR in the
ectopic and eutopic endometrial tissues from 62 patients with endometriosis and in the endometrial
samples (normal) from 51 non-endometriotic patients. (B) Densitometric analysis of T-cadherin protein
expression in different tissues by immunohistochemical staining. (C) Images of different tissues showing
T-cadherin Immunohistochemical staining. Scale bars, 50 μm. (D) Representative Western blotting of T-
cadherin protein and GAPDH from different tissues. (E) Densitometric analysis of T-cadherin protein
levels in different tissues detected by Western blot. Data in A, B and E were mean ± SD (51-62 patients). *
P < 0.05, ** P < 0.01.
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Figure 2

Increased migration ability of the hEM15A cells with high T-cadherin expression detected by the Transwell
migration assay. (A) Images showing the migrated hEM15A cells on the lower surface of the Transwell
membranes. (B) Number of migrated hEM15A cells in �ve random �elds under the microscope in
different groups (mean ± SD). ** P < 0.01.
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Figure 3

Increased invasion ability of the hEM15A cells with high T-cadherin expression detected by the Matrigel-
precoated Transwell invasion assay. (A) Images showing the invaded hEM15A cells on the lower surface
of the Transwell membranes. (B) Number of invaded hEM15A cells in �ve random �elds under the
microscope in different groups (mean ± SD). ** P < 0.01.
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Figure 4

Everolimus and BEZ235 inhibited of the migration and invasion of the hEM15A cells by up T-cadherin
expression with pcDNA‐Tcad. (A) Images showing the migrated hEM15A cells on the lower surface of the
Transwell membranes in hEM15A cells by up T-cadherin expression with or without Everolimus and
BEZ235. (B) Number of migrated hEM15A cells in �ve random �elds under the microscope in different
groups. (C) Images showing the invaded hEM15A cells on the lower surface of the Transwell membranes
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in hEM15A cells by up T-cadherin expression with or without Everolimus and BEZ235. (D) Number of
invaded hEM15A cells in �ve random �elds under the microscope in different groups (mean ± SD). ** P <
0.01.

Figure 5

T-cadherin mediates MMP-2 expression through the PI3K/AKT/mTOR pathway in hEM15A cells. (A)
Representative Western blotting of T-cadherin protein and GAPDH from different tissues. (B)
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Densitometric analysis of T-cadherin protein levels in different tissues detected by Western blot. (C)
Western blotting analysis of the expressions of PI3K, p-PI3K (Tyr458), AKT, p-AKT (T308), mTOR, p-mTOR
(Ser2448) and MMP-2 in hEM15A cells. GAPDH was used as the loading control. The hEM15A cells were
incubated in the control medium (control, no additives) or transfected with pcDNA‐T‐cadherin
(pcDNA‐Tcad) or negative control pcDNA3.1 (pcDNA-NC) in the presence of the transfection agent
lipofectamine (5 μl/ml) for 48 h before Western blotting. (D-H) The intensities of the bands were
quanti�ed by densitometry analyses and normalized by the amount of PI3K, AKT, or mTOR. Data are
presented as mean± SD of three independent experiments; **P< 0.01 compared with the control group. (I)
Representative Western blotting of T-cadherin protein and GAPDH from the hEM15A cells incubated in the
presence of the transfection agent pcDNA‐Tcad for 48 h before Western blotting with or without
Everolimus or BEZ235. (J) Densitometric analysis of T-cadherin protein levels in different groups detected
by Western blot. **P< 0.01.


