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STUDY QUESTION: Do changes in tumor necrosis factor-a-induced protein 8 (TNFAIP8)-like 2 (TIPE2) levels in endometrium of patients
with adenomyosis alter the proliferation, migration and invasion ability of endometrial cells?

SUMMARY ANSWER: TIPE2 expression levels were low in eutopic and ectopic endometrium of adenomyosis patients, and TIPE2 inhibited
the migration and invasion of endometrial cells, mainly by targeting B-catenin, to reverse the epithelial-mesenchymal transition (EMT).

WHAT IS KNOWN ALREADY: Adenomyosis is a benign disease, but it has some pathophysiological characteristics similar to the malignant
tumor. TIPE2 is a novel negative immune regulatory molecule, and it also participates in the development of malignant tumors.

STUDY DESIGN, SIZE, DURATION: Control endometrium (n=48 women with non-endometrial diseases) and eutopic/ectopic
endometrium from patients with adenomyosis (n = 50), human endometrial cancer cell lines, and primary endometrial cells from the eutopic
endometrium of adenomyosis patients were used in the study.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The expression level of TIPE2 mRNA and protein in the eutopic/ectopic
endometrial tissues of adenomyosis patients and control endometrium was determined by quantitative RT-PCR (qRT-PCR), western blot
and immunohistochemistry. The effects of TIPE2 overexpression and knockdown on the proliferation, migration and invasion of endometrial
cell lines and primary adenomyotic endometrial cells were determined using a cell counting kit-8, 5-ethynyl-2'-deoxyuridine assay, colony-
forming assay, transwell migration assay and matrigel invasion assay. The expression of EMT-related markers and signal molecules was detected
by western blot. The interaction between TIPE2 and S-catenin was detected by co-immunoprecipitation and laser confocal microscopy.
MAIN RESULTS AND THE ROLE OF CHANCE: The mRNA and protein expression levels of TIPE2 in the eutopic and ectopic
endometrial tissues of adenomyosis patients were significantly downregulated compared with the control endometrium (P < 0.01). TIPE2
could bind to B-catenin and inhibit the nuclear translocation of B-catenin, downregulate the expression of stromal cell markers, upregulate the
expression of glandular epithelial cell markers, decrease the occurrence of epithelial-mesenchymal transition (EMT) and suppress the migration
and invasion of endometrial cells (P < 0.01).

LARGE SCALE DATA: N/A.

LIMITATIONS, REASONS FOR CAUTION: In this study, the experiments were performed only in eutopic and ectopic endometrial
tissues, endometrial cancer cell lines and primary adenomyotic endometrial cells. A mouse model of adenomyosis will be constructed to detect
the effects of TIPE2 in vivo.
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WIDER IMPLICATIONS OF THE FINDINGS: These results suggest that TIPE2 is involved in the development of adenomyosis, which
provides a potential new diagnostic and therapeutic strategy for the treatment of adenomyosis.
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Introduction

Adenomyosis is an estrogen-dependent disease that occurs mostly in
women of reproductive age. About 20% of reproductive age women
have adenomyosis, and about | 5% of adenomyosis patients simultane-
ously have endometriosis and about half have uterine fibroids (Canis
et al., 2018). Adenomyosis is defined as the endometrial glands and
stroma invading the myometrium, accompanied by hypertrophy and
hyperplasia of the surrounding myometrial tissues (Bird et al., 1972;
Benagiano and Brosens, 2006). The main symptoms include excessive
menstruation, prolonged menstruation and progressive dysmenorrhea
(Levgur et al., 2000). There are no curative drugs at present, and
surgery is the primary treatment strategy (Tan et al., 2019). More
importantly, adenomyosis can adversely affect a patient’s pregnancy
outcome. According to statistical analysis, among the women using
ART, the pregnancy rate of adenomyosis patients is 28% lower than
that of women without adenomyosis, and the miscarriage rate is also
increased (Vercellini et al., 2014). At present, the pathogenesis of
adenomyosis remains unclear. Adenomyosis is a benign disease, but
it has some pathophysiological characteristics similar to the malignant
tumor, such as abnormal proliferation, migration and invasion (Liu et al.,
2018a). Therefore, the increase in proliferation, migration and invasion
ability of the endometrium may be the critical factor in the occurrence
of adenomyosis, but the exact mechanisms need further exploration.

Tumor necrosis factor-a-induced protein 8 (TNFAIP8)-like 2
(TIPE2) is a novel negative immune regulatory molecule that was first
discovered in 2002 (Carmody et al., 2002; Zhang et al., 2009). It is a
member of the TNFAIP8 family, and TNFAIP8 family members include
TIPE, TIPEI, TIPE2 and TIPE3, which have high sequence homology
(Carmody et al, 2002; Sun et al, 2008). TIPE2 is preferentially
expressed in lymphoid and inflamed tissues and participates in
negatively regulating innate and adaptive immune responses (Sun et al.,
2008). TIPE2-deficient mice spontaneously develop fatal inflammatory
diseases (Cao et al., 2013). Human TIPE2 expression levels are also
associated with a variety of chronic inflammations. For example, TIPE2
expression in peripheral blood mononuclear cells of patients with
systemic lupus erythematosus or children with asthma is significantly
lower than those in healthy controls (Li et al., 2016a; Li et al., 2009).
Currently, several research reports show that TIPE2 not only is a
novel negative regulator of immune cell function but also affects many
tumor development processes. Liu et al., reported that TIPE2 was
downregulated in glioma cells, and TIPE2 overexpression inhibited
hypoxia-induced Whnt/ B-catenin pathway activation and epithelial-
mesenchymal transition (EMT) in glioma cells (Liu et al., 2016). Another
study showed that TIPE2 inhibited the metastasis of hepatocellular
carcinoma cells (HCC) by inhibiting the activity of Racl and reducing
the polymerization of F-actin, matrix metalloproteinase 9 (MMP9) and
uridylyl phosphate adenosine (uPA), thereby inhibiting the growth,

migration and invasion of tumor cells in vitro (Cao et al., 2013).
Similarly, Li et al., reported that TIPE2 suppressed tumor invasiveness
and angiogenesis via inhibiting the activation of Rac| and subsequently
weakening its downstream effects, including F-actin polymerization and
vascular endothelial growth factor (VEGF) expression (Li et al., 2016b).
These results indicate that TIPE2 plays an important inhibitory role in
different malignant tumors.

Based on the similar characteristics of adenomyosis with malignant
tumors, in the present study we analyzed the expression of TIPE2 in
the eutopic and ectopic endometrium of adenomyosis patients and
then investigated the effect and mechanism of TIPE2 overexpression
and knockdown on the proliferation, migration and invasion ability of
endometrial cells. The results showed that TIPE2 was decreased in
the eutopic and ectopic endometrium of adenomyosis patients, and
TIPE2 effectively inhibited the migration and invasion of endometrial
cells mainly by targeting -catenin to reverse EMT, which may provide
a new strategy for the diagnosis and treatment of adenomyosis.

Materials and Methods

Patients and tissue samples

The eutopic and ectopic endometrial tissues of 50 patients with adeno-
myosis were from the Department of Obstetrics and Gynecology, Jinan
Central Hospital Affiliated to Shandong University from 2013 to 2014.
All women were confirmed to have adenomyosis by B-ultrasound or
biopsy. The endometrium of the control group was from 48 women
with non-endometrial diseases who were confirmed by pathological
examination and had no adenomyosis. These patients did not receive
any hormone or antibiotic treatment during the last 6 months before
surgery. All samples were obtained during the proliferative or secretory
phase based on the menstrual cycle and histological evaluation. There
were no statistically significant differences in age between adenomyosis
patients and controls. All participants provided written informed con-
sent, which was approved by the Ethics Committee in the School of
Basic Medical Sciences, Shandong University.

Antibodies and reagents

Rabbit-derived antibody specific for TIPE2 (ab|10389) was purchased
from Abcam (Cambridge, MA, USA). Rabbit-derived antibodies spe-
cific for phospho-AKT (Ser473), AKT, phospho-P65, P65, E-cadherin,
N-cadherin, Vimentin, zonula occludens-1 (ZO-1), Claudin-1, Snail,
Twist and B-catenin were purchased from Cell Signaling Technol-
ogy (CST) (Boston, MA, USA). Rabbit-derived antibody specific for
Cytokeratin 7 (CK7) was purchased from Bio-Techne (Minneapolis,
MN, USA). Mouse-derived monoclonal antibody specific for Flag was
purchased from Sigma-Aldrich (St Louis, MO, USA). Mouse-derived
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monoclonal antibody specific for S-actin (ZSGB-BIO, Beijing, China)
was used as an internal control. 17p-Estradiol (E;) powder was pur-
chased from Sigma-Aldrich and then diluted to |0 mM using sterile
absolute ethanol and stored at —20°C.

Cell culture

The human endometrial cancer cell line (Ishikawa) was a gift from Qilu
Hospital Laboratory of Shandong University and cultured in DMEM
high glucose medium (HyClone, Logan, UT, USA) with 10% fetal bovine
serum (FBS) (Gibco, Carlsbad, CA, USA) and Penicillin/Streptomycin
(HyClone, Logan, UT, USA). The human endometrial cancer cell line
HEC- | -A was purchased from the China Center for Culture Collection
(Wuhan, China) and cultured in McCoy’s 5A medium (Gibco, Carlsbad,
CA, USA) with 10% FBS and Penicillin/Streptomycin. All the cell lines
were incubated in a humidified atmosphere with 5% CO, at 37°C.

Expression plasmid and lentivirus
interference vector

The plasmid containing full-length TIPE2 cDNA was constructed by
Shanghai GeneChem Co., Ltd (Shanghai, China). Three different lentivi-
ral short hairpin RNAs (shRNAs) targeting TIPE2 and a non-specific
negative control were synthesized by Hanbio Biotechnology Co., Ltd
(Shanghai, China). The sequences are listed in Supplementary Table SI.
Transfection was carried out using LipoFiter'™ liposome transfection
reagent according to the manufacturer’s protocol (Hanbio Biotechnol-
ogy Co. Ltd, Shanghai, China). The muiltiplicity of infection (MOI) is
5, and transfection efficiency was confirmed by quantitative RT-PCR
(gqRT-PCR) and western blot.

RNA extraction and qRT-PCR

Total RNA was extracted using RNAfast 200 (Fastagen, Shanghai,
China) according to the manufacturer’s protocol, and then | pg of RNA
was reverse-transcribed into cDNA (complementary DNA) using a
Reverse Transcription System (Takara, Shiga, Japan). The expression
of TIPE2 mRNA was assessed by gRT-PCR with an Applied Biosys-
tems STEP One Plus real-time PCR System (Applied Biosystems,
Foster City, CA, USA) using a 2 x Ultra SYBR Mixture and specific
primers (CWBIO, Beijing, China). The sequences of primers are listed
in Supplementary Table Sll. The qRT-PCR reaction was performed
according to the following conditions: predenaturation at 95°C for
|0 min, followed by 39 cycles of amplification at 95°C for 15 s, 60°C
for | min, 65°C for 5 s. Each sample was run in triplicate. The relative
expression of TIPE2 mRNA was analyzed according to the 2744¢
method (Schmittgen and Livak, 2008).

Western blot

The cells were washed with PBS (I x) and lysed with Radio Immuno-
precipitation Assay (RIPA) Lysis Buffer (Beyotime, Beijing, China). After
homogenization, the cells were centrifuged at 12000g at 4°C for
30 min. The supernatant was quantified by bicinchoninic acid (BCA)
protein assay kit (Thermo Scientific, Waltham, MA, USA) according
to the protocol. Protein samples (40 pg) were subjected to sodium
dodecyl sulfate polyacrylamide gel electrophoresis and transferred
to a PVDF membrane (Millipore, Billerica, MA, USA). After blocking
with 5% bovine serum albumin (Sigma-Aldrich, St Louis, MO, USA)

for 1-2 h, the membranes were incubated with the corresponding
primary antibody (1:1000) overnight at 4°C, followed by incubation
with horseradish peroxidase (HRP)-conjugated secondary antibodies
(1:5000, Jackson Immuno Research, West Grove, PA, USA) for | h.
The membranes were finally analyzed using the enhanced chemilumi-
nescence kit (Thermo Scientific, Waltham, MA, USA). B-actin was used
as an internal reference. Each experiment was repeated three times.

Immunohistochemistry

The endometrial specimens collected from adenomyosis patients and
controls were fixed in 4% paraformaldehyde and then sectioned after
paraffin embedding. Paraffin sections were first placed in an oven at
75°C for 2 h, and followed by xylene dewaxing and gradient alco-
hol hydration. The slides underwent antigen microwave retrieval and
blocking of endogenous peroxidase activity and then were blocked
with 10% goat serum at 37°C for 10-15 min and incubated with
the primary antibody (1:200) against TIPE2 overnight at 4°C. The
next day, the slides were incubated with HRP-conjugated goat anti-
rabbit 1gG (Gene Tech., Shanghai, China) for 30 min at 37°C and
visualized using the diaminobenzidine (DAB) substrate kit (Gene Tech.,
Shanghai, China) for 3 min. The nuclei were counterstained with
hematoxylin.

Based on the staining intensity and positive staining area, the expres-
sion levels of TIPE2 were evaluated. The staining intensity was divided
as follows: — (score 0), 4 (score |), 4+ (score 2) and +++ (score 3).
The positive staining area, given as a percentage of the whole section,
was classified as follows: — (< 1%, score 0) + (1-33%, score 1), ++
(34%—66%, score 2), +++ (67—100%, score 3). The sum of staining
intensity and positive staining area scores was used as the final score
of TIPE2 expression (no expression, total score 0; weak expression,
total score | and 2; moderate expression, total score 3 and 4; strong
expression, total score 5 and 6). All of the IHC slides were evaluated
by two pathologists who were blinded to the clinical data of patients.

Cell proliferation assay

After Ishikawa or HEC- | -A cells were transfected with the plasmid of
TIPE2 or the lentiviral shRNAs targeting TIPE2 for 24 h, the cells were
reseeded in 96-well plates at 3000 cells/well and cultured for 0, 24,
48 and 72 h. The cell viability was assessed using a cell counting kit-8
(CCK-8) Kit (Dojindo, Tokyo, Japan) according to the protocol. The
absorbance for each well at a wavelength of 450 nm was determined
using a Bio-Rad Microplate Reader.

The 5-ethynyl-2/-deoxyuridine (EDU) assay was used to detect the
effect of TIPE2 overexpression on the proliferation of Ishikawa cells.
After Ishikawa cells were transfected with the TIPE2 plasmid for 24 h,
the cells were reseeded in 96-well plates at 3000 cells/well and cultured
for 24 h. The proliferation of cells was detected using a Cell Light Edu
Apollo 567 In Vitro Kit (RiboBio Co., Ltd, Guangzhou, China), according
to the protocol.

Colony-formation assay

TIPE2-overexpressing/silenced cells were seeded in 6-well plates at
a density of 1000 cells per well and cultured at 37°C for 2 weeks.
Then, the cells were fixed in methanol for 10 min and stained with 1%
crystal violet for 20 min. Colonies consisting of more than 50 cells were
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Figure | TIPE2 expression is downregulated in the eutopic and ectopic endometrium of adenomyosis patients compared with
the control endometrium. (A) Tumor necrosis factor-a-induced protein 8 (TNFAIP8)-like 2 (TIPE2) mRNA levels in the eutopic endometrium
of adenomyosis patients were lower than those in the control endometrium, as detected by quantitative RT-PCR (qRT-PCR) (P < 0.01). Data were
normalized to GAPDH. Results are mean = SD of three independent experiments. Data were analyzed by Student’s t test. (B) TIPE2 protein levels in
the eutopic endometrium of adenomyosis were lower than those in the control endometrium, detected by western blot. S-actin was an internal control.
(€) The expression of TIPE2 protein in the eutopic/ectopic endometrium of adenomyosis patients and the control endometrium was detected by
immunohistochemistry (x200 magnification). (I) The proliferative phase of control endometrium; (Il) the proliferative phase of eutopic endometrium
from patients with adenomyosis; (I1l) the secretory phase of control endometrium; (V) the secretory phase of eutopic endometrium from patients with
adenomyosis; (V) the ectopic endometrium of adenomyosis patients. (D) The expression of TIPE2 protein in the eutopic and ectopic endometrium
of adenomyosis patients was significantly lower than that in the control endometrium (P < 0.0001). Results are expressed as a percentage. Data were
analyzed by chi-square test. (E) The expression of TIPE2 was significantly lower in the proliferative and secretory phases of the eutopic endometrium of
adenomyosis patients than those of the control endometrium (P < 0.0001). Results are expressed as a percentage. Data were analyzed by chi-square
test. However, there were no significant differences in TIPE2 expression between proliferative and secretory phases of the eutopic endometrium
of adenomyosis patients or the control group (P> 0.05). Results are expressed as a percentage. Data were analyzed by chi-square test. **P < 0.01,

P < 0.0001.

counted. The colony-forming efficiency was evaluated by the formula:
percentage of colonies =number of colonies formed/number of cells
inoculated x 100%.

Transwell migration assay

After Ishikawa or HEC-1-A cells were transfected with the TIPE2
plasmid or the lentiviral shRNAs targeting TIPE2 for 24 h, the cells were
trypsinized, suspended in DMEM high glucose/McCoy’s 5A medium
containing 1% FBS, and counted. Then, 150 pl of cell suspension
(5 x 10* cells) was added into the upper chamber of an 8 pm pore
size membrane (Millipore, Billerica, MA, USA). The DMEM high glu-
cose/McCoy’s 5A medium containing 20% FBS (650 pl) was placed in
the lower chamber. After incubation at 37°C for 24 h, the cells were
fixed with 100% methanol for |0 min, stained with 0.5% crystal violet
for 20 min and then observed under a microscope and photographed.

Five fields were randomly selected from each chamber, and then the
cells in each field of view were counted.

Matrigel invasion assay

The effect of TIPE2 on the invasive ability of endometrial cells was
assessed using BD Biocoat Matrigel (BD Biosciences, Bedford, MA,
USA). The experimental method was similar to the migration exper-
iment. Fifty microliters of matrigel (1:4) was diluted using DMEM
high glucose/McCoy’s 5A medium without FBS and added into the
chamber, and then the matrigel was quickly incubated at 37°C for
30 min to solidify. Six hundred and fifty microliters of DMEM high
glucose/McCoy’s 5A medium containing 20% FBS were added to the
lower chamber, and then 50 ul of cell suspension (6 x 10* cells)
was added to the upper chamber, and the chamber was incubated
at 37°C for 48 h. The cells on the lower surface of the membrane
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Figure 2 TIPE2 mRNA and protein expression after TIPE2 overexpression and TIPE2 knockdown in Ishikawa and HEC-1-A cells.
(A) The expression of TIPE2 in Ishikawa cells was lower than that in human endometrial cancer cell line (HEC-1-A) cells detected by qRT-PCR and
western blot. (B) Ishikawa cells transfected with the TIPE2 expression plasmid showed higher expression of TIPE2 than the control groups, detected
by RT-PCR and western blot. (C) HEC-I-A cells transfected with short hairpin shRNA2 or shRNA3 showed lower expression of TIPE2 than the
control group detected by qRT-PCR and western blot (P < 0.05). Results are expressed as the mean = SD of three independent experiments. Data
were analyzed by Student’s t test. (D) TIPE2 overexpression or knockdown had no effect on the proliferation of Ishikawa or HEC-1-A cells (P > 0.05).
Results are expressed as the mean = SD of three independent experiments. Data were analyzed by Student’s t test. (E) TIPE2 overexpression or
knockdown had no effect on the colony number and size of Ishikawa or HEC-1-A cells (P > 0.05). Results are expressed as the mean £ SD of three
independent experiments. Data were analyzed by Student’s t test. *P < 0.05, ***P < 0.001. NC: negative control. MOCK: The cells transfected with

an empty plasmid.

were fixed with methanol and stained with 0.1% crystal violet and
then photographed by microscopy. The number of invading cells was
counted in five microscope fields.

The isolation and identification of glandular
epithelial cells and stromal cells derived
from the eutopic endometrium of patients
with adenomyosis

The eutopic endometrium of adenomyosis patients was put into a
50ml centrifuge tube. After red blood cells were removed with
2-3 ml of erythrocyte lysate, two volumes of collagenase type IA
(Gibco, Carlsbad, CA, USA) were used to digest tissue for 50 min
at 37°C. During this period, the tube was shaken up and down
every 10 min, and then 15 ml of D-Hank’s solution was added to
stop collagenase activity. The tissue mixture was sequentially filtered
through 100 molybdenum and 400 molybdenum copper mesh. Then,
the copper mesh was repeatedly washed with D-Hank’s solution, and
the filtrate was centrifuged at 1000g for 5 min to obtain stromal cells.
Next, the 400 molybdenum copper mesh was inverted and repeatedly
washed, and then the filtrate was centrifuged at 1000g for 5 min to

obtain glandular epithelial cells. The cells obtained were placed in a
culture flask with 5 ml of DMEM/FI2 medium (HyClone, Logan, UT,
USA) containing 10% FBS, L-glutamine (2 mM; Sigma-Aldrich), and
cultured in a humidified atmosphere with 5% CO, at 37°C.

After the primary endometrial glandular epithelial cells and stromal
cells were cultured in 24-well plates with a coverslip at 37°C for 24 h,
the cells on the coverslip were fixed in 4% paraformaldehyde for 30 min
and incubated with 3% H,O; for |15 min at room temperature, and
then blocked with 10% goat serum at 37°C for 30 min. Next, the cells
were incubated with rabbit-derived monoclonal antibodies against
Vimentin or CK7 (1:1000) (ZSGB-BIO, Beijing, China) overnight at
4°C, followed by HRP-conjugated goat anti-rabbit IgG (Gene Tech.,
Shanghai, China) for 30 min at 37°C. The expression of Vimentin
and CK7 was assessed using DAB (Gene Tech., Shanghai, China) and
observed under a microscope, and each sample was photographed in
duplicate.

F-actin detection

The TIPE2-overexpressing/silenced cells were fixed in freshly prepared
4% paraformaldehyde for 10 min and washed three times with PBS
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Figure 3 TIPE2 represses the migration and invasion of human endometrial cells. (A) TIPE2 overexpression in Ishikawa cells resulted in
a significant reduction in the number of cells passing through the chambers compared with the control groups (P < 0.0001). Scale bar is 200 um. Results
are the mean £ SD of three independent experiments. Data were analyzed by Student’s t test. (B) TIPE2 overexpression in Ishikawa cells resulted in
a significant decrease in the number of invasive cells compared with the controls (P < 0.0001). Scale bar is 200 pm. Results are mean £ SD of three
independent experiments. Data were analyzed by Student’s t test. (C) TIPE2 knockdown in HEC-1-A cells increased the number of cells migrating
into the lower surface of the transwell membrane (P < 0.001). Scale bar is 200 pm. Results are mean &= SD of three independent experiments. Data
were analyzed by Student’s t test. (D) TIPE2 knockdown in HEC-|-A cells increased the number of cells invading to the lower surface of the transwell
membrane (P < 0.01). Scale baris 200 pm. Results are mean = SD of three independent experiments. Data were analyzed by Student’s t test. **P < 0.01,
P < 0.001, ***P < 0.0001. MOCK: The cells transfected with an empty plasmid. NC: Negative control.

for 5 min/each time. The cells were permeabilized with 0.1% Triton
X-100 for 10 min and washed three times with PBS for 5 min/each
time. Next, the cells were blocked with 2% bovine serum albumin
(BSA) for | h. The tetramethylrhodamine isothiocyanate (TRITC)-
conjugated phalloidin (P1951-1MG, Sigma-Aldrich, St Louis, MO, USA)
stock solution was diluted to 1:100 with PBS and added to the cells.
The cells were incubated for | h at 37°C in the dark and washed with
PBS three times for 10 min/each time. DAPI was used to stain the
nucleus at room temperature for 5 min. Then, 10 pl of fluorescence
quenched agents was added. The cells were observed under a laser
confocal microscope.

Co-immunoprecipitation

For co-immunoprecipitation (co-IP), after Ishikawa cells were trans-
fected with the TIPE2 expression vector with Flag-tag for 24 h, the cells
were washed twice with PBS and re-suspended with 500 pl of IP buffer
and then lysed on ice for 2 min. Next, the cells were scraped off and
centrifuged at 14 000g for 10 min at 4°C to collect the supernatant. The
supernatant was divided into three groups: IP group for Flag (200 pl), IP

group for IgG (200 pl) and Input group (40 pl). The supernatant of the
IP group for Flag or the IP group for IgG was, respectively, incubated
with 1.5 pl of mouse-derived monoclonal antibody against Flag (Sigma-
Aldrich, Shanghai, China) or IgG (CST, Boston, MA, USA) at 4°C in
a chromatography cabinet for | h. Then, 40 pl of Protein A/G Plus-
Agarose (CST, Boston, MA, USA) was added to this supernatant and
incubated at 4°C in a chromatography cabinet overnight. The next day,
the beads were washed five times with IP buffer (IP buffer includes
4.4 g NaCl, 5 ml NP-40, 50 ml PH7.4 Tris—CI (I M), 50 ml PH8.0
EDTA (0.5 M), finally made up to 500 ml with double-distilled water)
and dissolved in 40 pl 2 x loading buffer. For the Input group, 8 pl
of 6 x loading buffer was added to the supernatant and immediately
centrifuged for | min and placed at |00°C for 5 min. The proteins were
detected by western blot.

Co-localization analysis of TIPE2 and
B-catenin

TIPE2-overexpressing cells were fixed in freshly prepared 4%
paraformaldehyde for 10 min and washed three times with PBS for
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Figure 4 TIPE2 inhibits the epithelial-mesenchymal transition of human endometrial cells. (A) TIPE2 overexpression in Ishikawa cells
upregulated the levels of E-cadherin, cytokeratin 7 (CK7) and zonula occludens-1 (ZO-1) and downregulated the protein levels of Vimentin and N-
cadherin. (B) TIPE2 knockdown in HEC-|-A cells decreased the expression of E-cadherin, CK7, Claudin-1 and ZO-I and increased the expression of
Vimentin and N-cadherin. (C) The protein levels of Twist and Snail were downregulated in TIPE2-overexpressed Ishikawa cells, but the levels of Snail
were upregulated after TIPE2 knockdown in HEC-1-A cells. (D) TIPE2 overexpression upregulated the levels of E-cadherin mRNA and downregulated
the levels of N-cadherin and Twist mRNA (P < 0.05). Results are mean = SD of three independent experiments. Data were analyzed by Student’s t
test. *P < 0.05, **P < 0.01. MOCK: The cells transfected with an empty plasmid. NC: Negative control.

5 min/each time. The cells were permeabilized with 1% Triton X-
100 for I5 min and washed three times with PBS for 5 min/each
time. Next, the cells were blocked with 2% BSA for | h. Then, the
cells were incubated with primary antibody against TIPE2 (1:200)
overnight at 4°C and washed three times with PBS for 5 min/each
time and then incubated with Alexa Fluor 488-conjugated secondary
antibody (red light, 1:500) (Absin Bioscience Co., Ltd, Shanghai, China)
in the dark at room temperature for | h and washed three times
with PBS for 5 min/each time. Next, the cells were incubated with
primary antibody against B-catenin (1:200) overnight at 4°C and
washed three times with PBS for 5 min/each time. The next day,
the cells were incubated with TRITC-conjugated secondary antibody
(green light, 1:500) (Proteintech Group, Inc., Wuhan, China) in the
dark for | h at room temperature, and washed three times with PBS
for 5 min/each time. DAPI staining for 10 min followed, and then
|0 pl of fluorescence quenching agents was added. Finally, the cells
were observed under a laser confocal microscope and photographed.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 7.0 software
(GraphPad, La Jolla, CA, USA). All data are reported as mean = SD. A
chi-square test was performed to assess the results of IHC staining;
Student’s t test was used to determine the statistical significance
between the test group and the control group. P < 0.05 was considered
statistically significant.

Results

Expression of TIPE2 in eutopic
endometrium of adenomyosis patients is
downregulated

To explore the expression levels of TIPE2 in adenomyosis, we col-
lected the eutopic endometrium of adenomyosis patients and control
endometrium and determined the expression levels of TIPE2Z mRNA
and protein using gqRT-PCR and western blot. The results showed that
TIPE2 mRNA and protein levels were downregulated in the eutopic
endometrium of adenomyosis patients compared with the control
endometrium (Fig. | A and B).

The expression of TIPE2 in the
eutopic/ectopic endometrium of

adenomyosis patients is decreased detected
by IHC

To further determine the relationship between TIPE2 and adeno-
myosis, we investigated TIPE2 protein in the eutopic or ectopic
endometrium of adenomyosis patients and control endometrium
using IHC staining. As shown (Fig. IC, Il Ill, IV and V), TIPE2
protein was observed in the cytoplasm of endometrial glandular
epithelial cells, while TIPE2 staining was negative or relatively weak
in endometrial stromal cells. TIPE2 protein levels in the eutopic or
ectopic endometrium of adenomyosis patients were much lower
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Figure 5 TIPE2 inhibits the nuclear translocation of B-catenin in human endometrial cells. (A, B) Total S-catenin protein was
downregulated after TIPE2 overexpression in Ishikawa cells and upregulated after TIPE2 silence in HEC-1-A cells. (C, D) TIPE2 overexpression
reduced the level of nuclear B-catenin in Ishikawa cells, but TIPE2 knockdown increased the level of nuclear 8-catenin in HEC-1-A cells. (E) Co-
immunoprecipitation confirmed that TIPE2 could bind with S-catenin. MOCK: The cells transfected with an empty plasmid. NC: Negative control.

than those in the control endometrium (Fig. ID). Adenomyosis
is an estrogen-dependent disease (Chen et al., 2010); therefore,
we analyzed TIPE2 levels in the proliferative and secretory phases
of the eutopic endometrium of adenomyosis patients and control
endometrium. We found that TIPE2 staining was significantly lower
in the proliferative and secretory phases of the eutopic endometrium
of adenomyosis patients than in the control endometrium (Fig. |E).
However, there were no significant differences in staining of TIPE2
among proliferative and secretory phases of the eutopic endometrium
of adenomyosis patients or the control subjects (Fig. |E). The results
indicate that TIPE2 may be involved in the progression of adenomyosis
and exerts an inhibitory effect.

TIPE2 overexpression/knockdown does not
affect the proliferation and colony-forming
ability of endometrial cells

We assessed TIPE2 mRNA and protein in two kinds of endometrial
cancer cell lines (Ishikawa and HEC-1-A). As shown in Fig. 2A, the
expression of TIPE2 mRNA and protein was lower in Ishikawa cells
compared with HEC-1-A cells. To elucidate the role of TIPE2 overex-
pression in Ishikawa cells, we constructed the overexpression plasmid
targeting TIPE2, and then analyzed the overexpression efficiency of
TIPE2 at the mRNA and protein levels. The results from RT-PCR
and western blot revealed that the TIPE2 plasmid was successfully
overexpressed in Ishikawa cells (Fig. 2B). To elucidate the effect of
TIPE2 knockdown on HEC-I-A cells, we constructed three lentiviral

interfering vectors targeting TIPE2 and used them to transfect HEC- |-
A cells. Next, we detected the interfering efficiency by gRT-PCR and
western blot, and the results revealed that shRNA2 and shRNA3 were
both efficient for knockdown of the expression of TIPE2 (Fig. 2C).

To explore the effect of TIPE2 on the growth of endometrial cells,
we further overexpressed TIPE2 in Ishikawa cells using the TIPE2
expression plasmid or interfered with the expression of TIPE2 in HEC-
[-A cells using the specific shRNAs targeting TIPE2. The results from
the CCK-8, EDU assay, and colony-forming assay showed that TIPE2
overexpression and knockdown had no significant effects on the prolif-
eration and colony-forming ability of endometrial cells (Fig. 2D and E,
Supplementary Fig. S1).

TIPE2 inhibits the migration and invasion
ability of endometrial cells

The increase in migration and invasion ability is one of the most
significant biological features of adenomyosis (Liu et al., 2018a). Here,
we overexpressed TIPE2 in Ishikawa cells and found that the number of
cells passing through the chamber was significantly reduced in the TIPE2
overexpression group compared with the MOCK group (Fig. 3A). In
contrast, TIPE2 knockdown in HEC- | -A cells significantly increased the
number of cells that migrated into the lower surface of the transwell
membrane (Fig. 3C). We used the matrigel invasion assay to determine
the effects of TIPE2 overexpression or knockdown on the invasive
ability of Ishikawa or HEC-I-A cells. As shown in Fig. 3B and D, the
number of cells passing through the chamber in the TIPE2 plasmid
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Figure 6 TIPE2 reverses estrogen-induced migration, invasion and epithelial-mesenchymal transition of endometrial cells.
(A) Ishikawa cells were treated with different concentrations (0, 0.1, | ymol) of estrogen (E;) for 24 h. The results show that | pmol estrogen could
downregulate the expression of E-cadherin and upregulate the expression of N-cadherin, Snail and S-catenin. (B) TIPE2 overexpression inhibited
the estrogen-induced migration and invasion (P < 0.001). Scale bar is 200 ym. Results are mean £ SD of three independent experiments. Data were
analyzed by Student’s t test. (C) TIPE2 overexpression reversed the estrogen-induced decrease in the expression of E-cadherin and estrogen-induced
increase in the expression of N-cadherin, Snail and B-catenin. MOCK: The cells transfected with an empty plasmid.

transfection group was significantly lower than that in the MOCK
group, and the number of cells invading the lower surface of transwell
membrane was significantly increased after TIPE2 knockdown. The
results reveal that TIPE2 can inhibit the migration and invasion of
endometrial cells in this system.

TIPE2 inhibits the EMT of endometrial cells

EMT plays an important role in cell migration and invasion (Acloque
et al., 2009), as well as the pathogenesis of adenomyosis. To investigate
the mechanism by which TIPE2 inhibited endometrial cell migration and
invasion ability, we examined the expression of EMT-related markers,
including epithelial cell markers (E-cadherin, CK7, Claudin-| and ZO-1)
and mesenchymal cell markers (Vimentin and N-cadherin) after TIPE2
overexpression or knockdown. As shown in Fig. 4A, TIPE2 overex-
pression in Ishikawa cells upregulated the levels of E-cadherin, CK7
and ZO-1 and downregulated the levels of Vimentin and N-cadherin.
On the contrary, TIPE2 knockdown in HEC-|-A cells decreased the
expression of E-cadherin, CK7, Claudin-1 and ZO-| and increased the
expression of Vimentin and N-cadherin (Fig. 4B). EMT-related markers
are regulated by corresponding transcription factors such as Twist and
Snail. Therefore, we further detected the expression of Twist and
Snail after overexpressing or interfering with TIPE2, and the results
showed that the levels of Twist and Snail were downregulated in TIPE2-
overexpressing Ishikawa cells, but the levels of Snail were upregulated
after TIPE2 knockdown in HEC-1-A cells (Fig. 4C). We overexpressed
TIPE2 in the Ishikawa cells and detected the change of mMRNA levels for

EMT-related markers by qRT-PCR. The results were consistent with
the above results (Fig. 4D).

TIPE2 inhibits the nuclear translocation of
B-catenin in endometrial cells

The Whnt/ B-catenin signaling pathway is involved in cell migration and
invasion (Jiang et al., 2007); therefore, we examined the changes of
total B-catenin and found that total S-catenin was downregulated after
TIPE2 overexpression in Ishikawa cells, and upregulated after TIPE2
knockdown in HEC-1-A cells (Fig. 5A and B). The nuclear transloca-
tion of B-catenin could activate EMT-related transcription factors and
mediate the occurrence of EMT. We also detected the expression of
nuclear B-catenin, and the results showed that TIPE2 overexpression
reduced the level of nuclear S-catenin in Ishikawa cells, but TIPE2
knockdown increased the level of nuclear 8-catenin in HEC-|-A cells
(Fig. 5C and D). In order to investigate whether TIPE2 could bind to
B-catenin, we performed co-IP after TIPE2 overexpression in Ishikawa
cells and found that TIPE2 could bind with B-catenin (Fig. 5E). The
interaction between TIPE2 and $-catenin was further confirmed by co-
localization analysis of TIPE2 and B-catenin (Supplementary Fig. S2).

TIPE2 reverses estrogen-induced migration,
invasion and EMT of endometrial cells

Adenomyosis is an estrogen-dependent disease, and estrogen pro-
motes migration, invasion, and EMT of endometrial cells (Chen et al.,
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Figure 7 TIPE2 inhibits matrix metalloproteinase 2 and p-P65 expression but does not affect the expression of F-actin in
human endometrial cells. (A) After Ishikawa cells were transfected with the TIPE2 expression vector for 48 h, the results of western blot analysis
showed no significant change in p-AKT level, while the levels of p-P65 and MMP2 showed a slight downregulation after the overexpression of TIPE2.
(B, C) After Ishikawa cells were transfected with the TIPE2 expression vector or the TIPE2 interference vector for 24 h, the results of immunofluores-
cence showed TIPE2 overexpression or knockdown had no effect on the expression of F-actin in endometrial cells. MOCK: The cells transfected with

an empty plasmid. NC: Negative control.

2010). In order to explore whether TIPE2 could reverse estrogen-
induced migration, invasion and EMT, we used different concentrations
(0, 0.1, I pmol) of estrogen to treat Ishikawa cells for 24 h. The
results showed that | pmol estrogen downregulated the expression
of the epithelial marker (E-cadherin) and upregulated the expression
of the mesenchymal marker (N-cadherin) and the transcription factor
(Snail), as well as B-catenin (Fig. 6A). Next, we overexpressed TIPE2
in Ishikawa cells and added | pmol estrogen to stimulate for 24 h. It
was found that estrogen promoted the migration, invasion and EMT
compared with the control group. However, TIPE2 overexpression not
only inhibited the estrogen-induced migration and invasion (Fig. 6B)
but also increased the levels of E-cadherin and decreased the levels
of N-cadherin, Snail and B-catenin (Fig. 6C). The results indicate that
estrogen can promote the migration, invasion and EMT of endometrial
cells, and this effect can be reversed by TIPE2.

TIPEZ2 slightly inhibits MMP2 and p-Pé5
expression on protein levels but does not
affect the expression of F-actin in
endometrial cells

Besides EMT, the changes in basement membrane degradation and cell
movement ability also play a vital role in the migration and invasion

of endometrial cells (Shan et al, 2013). Here, we detected the
expression of MMP2 and MMP2-related phosphoinositide 3-kinase

(PI3K)/AKT/nuclear factor (NF)-«B signaling pathway molecules
(AKT, p-AKT, P65, p-P65) after TIPE2 overexpression and found
no significant change in p-AKT level, while the levels of p-P65 and
MMP2 showed a slight downregulation after overexpression of TIPE2
(Fig. 7A). However, the results of immunofluorescence showed that
TIPE2 overexpression or knockdown did not affect the expression of
F-actin in endometrial cells (Fig. 7B and C).

TIPE2 inhibits the migration, invasion and
EMT of primary endometrial cells

To further determine the effect of TIPE2 on migration, invasion and
EMT of endometrial cells, we isolated glandular epithelial cells and
stromal cells from the eutopic endometrium of adenomyosis patients
and performed immunocytochemical staining. The results showed that
CK7 was strongly expressed in glandular epithelial cells, and Vimentin
was strongly expressed in stromal cells. However, glandular epithelial
cells had weak Vimentin expression, and stromal cells had weak
CK7 expression (Fig. 8A). Furthermore, we overexpressed TIPE2
using the TIPE2-Flag plasmid and interfered with the expression of
TIPE2 using two kinds of lentiviral interfering vectors targeting TIPE2
(Fig. 8B and C). As shown in Fig. 8D and E, TIPE2 overexpression
obviously inhibited the migration and invasion of primary endometrial
cells; on the contrary, the downregulation of TIPE2 promoted the
migration and invasion of primary endometrial cells. The results from
western blot showed that TIPE2 overexpression upregulated the levels
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Figure 8 TIPE2 inhibits the migration, invasion of primary human endometrial cells. (A) Immunocytochemistry staining showed CK7
was strongly expressed in glandular epithelial cells, and Vimentin was strongly expressed in stromal cells. However, glandular epithelial cells had weak
Vimentin expression, and stromal cells had weak CK7 expression. (B) The primary endometrial cells transfected with the TIPE2 expression plasmid
showed higher expression of TIPE2 than the control group, as detected by qRT-PCR and western blot (P < 0.0001). Results are mean £ SD of
three independent experiments. Data were analyzed by Student’s t test. (C) The primary endometrial cells transfected with shRNA2 or shRNA3
showed lower expression of TIPE2 than the control group, as detected by gRT-PCR and western blot (P < 0.001). Results are mean £ SD of three
independent experiments. Data were analyzed by Student’s t test. (D) TIPE2 overexpression inhibited the migration and invasion of primary endometrial
cells (P < 0.01). Scale bar is 200 pm. Results are mean &=SD of three independent experiments. Data were analyzed by Student’s t test. (E) The
downregulation of TIPE2 promoted the migration and invasion of primary endometrial cells (P < 0.001). Scale bar is 200 ym. Results are mean = SD of
three independent experiments. Data were analyzed by Student’s t test. **P < 0.01, ***P < 0.001. MOCK: The cells transfected with an empty plasmid.
NC: negative control.
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Figure 9 TIPE2 inhibits the epithelial-mesenchymal transition of human primary endometrial cells. (A) TIPE2 overexpression
upregulated the levels of E-cadherin and ZO-1 and downregulated the levels of Vimentin and N-cadherin. (B) TIPE2 knockdown decreased the
expression of E-cadherin, increased the expression of Vimentin, N-cadherin, Snail and total B-catenin. (C) TIPE2 overexpression decreased the
expression of nuclear B-catenin and total S-catenin. MOCK: The cells transfected with an empty plasmid. NC: Negative control.
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Figure 10 TIPE2 reverses estrogen-induced migration, invasion and EMT in endometrial cells by targeting -catenin. Estrogen
could promote the EMT by regulating B-catenin. TIPE2 could interact with S-catenin and inhibit the translocation of S-catenin, then downregulate the
expression of stromal cell markers, upregulate the expression of glandular epithelial cell markers, decrease the occurrence of epithelial-mesenchymal
transition (EMT) and suppress the migration and invasion of endometrial cells. TCF: T-cell factor; LEF: lymphoid enhancer-binding factor.

of E-cadherin and ZO-1 and downregulated the levels of Vimentin
and N-cadherin. However, after TIPE2 knockdown, the expression
of Vimentin, N-cadherin, Snail and total B-catenin was increased,
and the expression of E-cadherin was decreased (Fig. 9A and B).
TIPE2 overexpression similarly decreased the expression of nuclear -
catenin and total B-catenin (Fig. 9C). These results confirm that TIPE2
can inhibit the migration, invasion and EMT of primary endometrial
cells.

Discussion

Adenomyosis is a kind of benign disease, but it exhibits many charac-
teristics that are similar to malignant tumors. Many tumor oncogenes
and suppressor genes also participate in the development of adeno-
myosis. TIPE2 is a negative immune regulatory molecule that could
be involved in regulating innate and adaptive immune responses and
maintaining immune homeostasis (Sun et al., 2008). Current studies
show that TIPE2 acts as a tumor suppressor gene to inhibit the growth,
migration and invasion of tumor cells (Cao et al., 2013). However, the
possible role(s) of TIPE2 in adenomyosis remain unclear. In the present
study, the effects of TIPE2 on human endometrial cells and underlying
mechanisms were investigated.

At present, there are conflicting results about the expression of
TIPE2 in malignant tumors. For example, TIPE2 is downregulated in
human primary HCC (Cao et al., 2013) and gastric cancer (Wu et al.,
2016; Liu et al.,, 2018b; Yin et al., 2017) compared with the paired
adjacent non-tumor tissues. However, TIPE2 protein expression was
upregulated in colon cancer (Lietal., 201 4), renal cell carcinoma (Zhang
et al., 2013) and non-small cell lung cancer (NSCLC) tissues (Li et al.,
2015; Li et al., 2016b) compared with the adjacent normal tissues.
These results indicate that TIPE2 expression in tumors may be tissue-
specific. Here, we found that the expression of TIPE2Z mRNA and pro-
tein was downregulated in eutopic/ectopic endometrium compared
with the control endometrium. Adenomyosis is an estrogen-dependent

disease (Chen et al., 2010), and the proliferative and secretory phases
of the endometrium are greatly affected (Liu et al., 2018a) by hor-
mones. Therefore, we analyzed the expression levels of TIPE2 in the
proliferative phase and the secretory phase and found that the level
of TIPE2 protein in proliferative and secretory phases of adenomyosis
patients was significantly lower than that in the corresponding phases
of the control group. Our results suggest that downregulation of TIPE2
may also be involved in the pathogenesis of adenomyosis.

TIPE2 expression is higher in some tumor tissues than in adjacent
non-tumor tissues; however, TIPE2 serves as a tumor suppressor
and has inhibitory effects on the growth, migration and invasion of
tumor cells, such as NSCLC (Li et al., 2015; Li et al., 2016b). The
development of adenomyosis is mainly determined by the increase
in growth, migration and invasive ability of endometrial cells. For
example, PAK4 is a serine/threonine-protein kinase that plays a role in
a variety of different signaling pathways, including cytoskeleton regula-
tion, cell migration, growth proliferation or cell survival (Dummler
et al., 2009). It is reported that the expression level of PAK4 in
adenomyosis is significantly increased: it can regulate the invasion,
survival and proliferation of endometrial cells to promote the devel-
opment of adenomyosis (Yi et al., 2015; Zayratyants et al., 2018). We
evaluated the roles of TIPE2 in the growth, migration and invasion
of endometrial cells in vitro by TIPE2 overexpression and knockdown.
We found that TIPE2 significantly inhibited the migration and invasion
of endometrial cell lines and primary endometrial cells from adeno-
myosis patients, but there was no significant effect on the growth
of the endometrial cells. These results suggest that TIPE2 may work
through different mechanisms in the development of tumors and
adenomyosis.

Next, we further investigated the potential mechanism by which
TIPE2 inhibits the migration and invasion of endometrial cells. EMT
refers to the biological process by which epithelial cells are transformed
into mesenchymal phenotype cells by a specific procedure (Das et al.,
2019). It plays a crucial role in the invasion, metastasis and development
of cancers and adenomyosis (Liu et al., 2016). During the EMT process,
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the cells lose intercellular connections, degrade the extracellular matrix
and eventually transform into mesenchymal cells, which increases the
migration and invasion ability of the cells (Yang et al, 2017). This
process is precisely regulated by corresponding transcription factors,
such as Snail (Shi et al., 2019), Slug and Twist (Mader et al., 2018).
These transcription factors could suppress the expression of epithelial
cell markers (E-cadherin, CK7 and ZO-1) and maintain the phenotype
of mesenchymal cells that express Vimentin and N-cadherin. It has
been reported that TIPE2 inhibits gastric cancer cell migration, invasion
and metastasis, very probably via a reversal of EMT (Wu et dl.,
2016; Yin et al., 2017; Liu et al, 2018b). In this study, we found
that TIPE2 can significantly increase the expression of epithelial cell
markers and decrease the levels of mesenchymal cell markers and
EMT-related transcription factors. Adenomyosis is a kind of estrogen-
related disease, and a document published by Chen et al., showed that
estrogen-induced EMT of endometrial epithelial cells contributed to
the development of adenomyosis (Chen et al., 2010). In the present
study, our results showed that TIPE2 could effectively reverse the
estrogen-induced migration, invasion and EMT of endometrial cells.
These results indicate that TIPE2 can inhibit the migration/invasion of
endometrial cells by inhibiting the EMT phenotype.

Many studies have found that the Wnt/ B-catenin signaling pathway
participates in the process of EMT (Jiang et al., 2007). B-Catenin is
the core factor of this pathway. Activation of the Whnt pathway or
estradiol stimulation (Ali et al., 2019) leads to an increase in B-catenin
nuclear translocation, upregulates the expression of Twist, Snail and
other transcription factors and inhibits the transcription of epithelial cell
markers, such as E-cadherin. B-Catenin can also promote fibronectin
and vimentin gene transcription, induce cell epithelial-mesenchymal
transition (Gradl et al., 1999; Gilles et al., 2003). Wu et al., reported that
TIPE2 inhibited the metastasis of gastric cancer by inhibiting the nuclear
translocation of S-catenin (Wuetal.,2016). Here, we found that TIPE2
overexpression significantly downregulated the nuclear protein level
of B-catenin; on the contrary, the nuclear protein level of B-catenin
was upregulated after TIPE2 knockdown. Further investigation showed
that TIPE2 could bind to S-catenin and inhibit its nuclear translocation.
These results confirm that TIPE2 may reverse EMT by inhibiting the
Whnt/ B-catenin signaling pathway.

Besides EMT, the changes in cell motility and the degradation of
the basement membrane are also involved in cell migration and inva-
sion (Shan et al., 2013). Cao et dl., reported that TIPE2 inhibited
migration and invasion through targeting Racl and then reduced F-
actin polymerization, as well as the expression of MMP9 and uPA
(Cao et al., 2013). In NSCLC, TIPE2 suppressed tumor invasiveness
and angiogenesis by inhibiting the activation of Rac| and subsequently
weakening its downstream effects, including F-actin polymerization and
VEGF expression (Li et al., 2016b). The study of Zhang et al., showed
that TIPE2 overexpression efficiently abolished the effects of TNF-
a on MMP-13/MMP-3 upregulation, cell migration and ERK|/2-NF-
kB activation (Zhang et al., 2015). Here, we found that TIPE2 could
slightly decrease the expression of p-P65 and MMP2 with no effect on
the expression of F-actin, which indicates that TIPE2 also inhibits the
migration and invasion of endometrial cells by affecting degradation of
the basement membrane.

In conclusion, we demonstrate that TIPE2 is downregulated in ade-
nomyosis, and we propose that TIPE2 may play an important inhibitory
role in the migration and invasion of endometrial cells, mainly by

targeting B-catenin to reverse EMT (Fig. 10). TIPE2 may be a potential
molecular target for the diagnosis and treatment of adenomyosis.
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