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Background: Endometriosis is a debilitating gynecological condition that manifests many common
malignant features, including migration and invasion. Hypoxia is a hallmark of endometriosis, characterized
by endometrial cell metastasis via epithelial-mesenchymal transition (EMT). The long noncoding
RNA (IncRNA) UBOX antisense RNA 1 (UBOX5-AS1) has been shown to be upregulated in ovarian
endometriosis. However, the molecular mechanisms and biological functions of IncRNA UBOX5-AS1 in
hypoxia-induced endometriosis EMT remain to be explored.

Methods: Normal, eutopic, and ectopic endometrium from ovarian endometriosis tissues were collected,
and the expressions of hypoxia inducible factor (HIF)-1a, IncRNA UBOXS5-AS1, E-cadherin, and vimentin
were analyzed by quantitative real time polymerase chain reaction (QRT-PCR) and western blotting analysis.
Primary human endometrial epithelial cells and human endometrial epithelial adenocarcinoma Ishikawa
cell lines were cultured under hypoxic conditions, and western blotting analysis and immunocytochemistry
were performed to investigate hypoxia-induced EMT. Moreover, HIF-1a and IncRNA UBOX5-AS1
were overexpressed and knocked down in endometrial epithelial cells to explore the role and mechanisms
of IncRNA UBOXS5-ASI in hypoxia-triggered EMT. The migration and invasion potential of human
endometrial epithelial cells was detected by Transwell migration/invasion assays.

Results: In ovarian endometriosis, the expression of hypoxia-inducible factor-la (HIF-1a) and IncRNA
UBOXS5-AS1 were significantly increased, and this was accompanied by EMT. Furthermore, endometrial
epithelial cells cultured under hypoxic conditions exhibited elevated IncRNA UBOXS5-AS1 expression,
as well as migration, invasion, and an EMT-like phenotype. This data indicated that HIF-]a signaling
was crucial for hypoxia-induced IncRNA UBOXS5-AS1 upregulation and the EMT process. Moreover,
downregulation of IncRNA UBOXS5-AS1 inhibited the hypoxia-induced EMT and attenuated cell migration
and invasion.

Conclusions: The present research demonstrated that hypoxia upregulated the expression of IncRNA
UBOXS5-ASI via HIF-1o-dependent signaling. The increased expression of IncRNA UBOX5-AS1 plays
a vital role in mediating the hypoxia-regulated EMT and invasiveness of endometriosis, suggesting that

IncRINA UBOX5-AS1 may be an important potential therapeutic target for endometriosis.
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Introduction

Endometriosis is a common gynecological condition
defined by the presence of ectopic endometrial tissue
outside the uterine cavity (1). Over the last few decades,
extensive investigations have been conducted to identify
the pathogenesis of endometriosis, but the precise etiology
still remains poorly understood (2). Sampson’s retrograde
menstruation/transplantation theory proposes that during
menstruation, the fragments of viable endometrial tissue
that are shed could be refluxed into the abdominal cavity
via the fallopian tubes and subsequently implanted into
ectopic locations (3). However, even though retrograde
menstruation can occur to some degree in a majority of
women, only 5-10% develop endometriosis. This suggests
that other factors may be involved in the formation of
endometriotic lesions. Several studies have hypothesized
that an altered peritoneal hypoxic microenvironment may
play a causative role in the pathogenesis of endometriosis (4).

Hypoxia is a vital microenvironmental factor that
contributes to the pathogenesis of endometriosis (5,6). We
have previously reported that hypoxia-inducible factor-1a
(HIF-1a), the key regulator that mediates cellular hypoxic
responses, is elevated in ectopic endometriotic tissues (7).
Upregulation of the HIF-1a gene increases the activation
of numerous downstream genes which are involved in
the regulation of multiple vital biological events, such as
apoptosis, proliferation, migration, invasion, and epithelial-
mesenchymal transition (EMT) (8-10).

Recent studies have attributed EMT to the development
and progression of human endometriosis (11,12). EMT is
a well-known physiological process related to the initiation
of cell migration, invasion, and metastasis (13). During this
process, epithelial cells display loss of cellular apicobasal
polarity and intercell adhesion, and gradually acquire invasive
features to become mesenchymal-like cells. This process is
highly modulated by many signaling pathways, including
hypoxia-related signaling pathways and cytokines such as
transforming growth factor (T'GF)-B1 (14). Moreover, the
activity of many EMT transcriptional regulators such as
"Twistl, Snail, zinc finger E-box-binding homeobox 1 (ZEB1),
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and P-catenin, are regulated either directly or indirectly by
hypoxia (15,16). Previous reports demonstrated that EMT
participates in the pathogenesis of endometriosis (11,17).
Moreover, hypoxia may also trigger the EMT process in
multiple cancer cells (18,19). However, the critical cellular
molecular mechanisms underlying the pathogenesis of the
hypoxia/ HIF-o-triggered EMT process in endometriosis
remain unknown.

Long noncoding RNAs (IncRNAs), defined by their length
of more than 200 nucleotides, are a group of RNA molecules
that lack protein-coding capacity (20,21). Previous studies
have demonstrated that IncRNAs can be regulated under
hypoxia in cancer cells (22). In addition, IncRNAs play a vital
role in the regulation of the EMT process (23). LncRNAs
are dysregulated in a number of gynecological diseases,
including cervical cancer, endometrial carcinoma, and
endometriosis (24,25). Recently, 1682 dysregulated IncRINAs
were identified in ovarian endometriosis using the human
transcriptome array. One of these dysregulated IncRINAs is
UBOXS5 antisense RNA 1 or UBOX5-AS1 (chromosome
20: 3,106,913-3,150,867/ NR_038395) located at 20p13.
UBOXS5-AS1 was initially discovered and investigated in
ovarian endometriosis tissues, and identified as a potential
noninvasive biomarker for ovarian endometriosis (26).
As peritoneal hypoxia is also a unique characteristic of the
microenvironment in ovarian endometriosis, this study aimed
to determine whether overexpression of IncRNA-UBOXS5-
AS1 in ovarian endometriosis is induced by the hypoxic
microenvironment and whether IncRNA-UBOX5-AS1
contributes to the hypoxia/HIF-1a-triggered EMT process
in endometriosis.

This study explored the expression patterns and function
of UBOXS5-AS1 in hypoxic endometrial epithelial cells
and demonstrated that UBOX5-AS1 was activated by
hypoxia via the HIF-Ia signaling pathway. Hypoxia-induced
expression of UBOXS5-AS1 promoted the invasion and
EMT of endometrial epithelial cells. These data form a basis
for further investigations into the molecular mechanisms
of how hypoxia contributes to EMT and the invasion of
endometriosis, as well as and the involvement of UBOX5-
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AS1 under hypoxic conditions. We present the following
article in accordance with the MDAR reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-4546).

Methods
Materials

Monoclonal anti-HIF-10 antibody (RRID:AB_2835328)
was purchased from Affinity (USA), monoclonal anti-E-
cadherin (RRID:AB_731493) and anti-B-actin antibodies
(RRID:AB_306371) were obtained from Abcam (UK), and
monoclonal anti-vimentin antibody (RRID:AB_10695459)
was purchased from Cell Signaling Technology (CST, USA).
Secondary anti-rabbit immunoglobin G (IgG) antibodies
were obtained from Santa Cruz (USA). Neofect™
DNA transfection reagent was purchased from Neofect
Biotechnologies (China). T-25-cm’ flasks for cell culture
were purchased from Bever (USA) and Transwell inserts
for 24-well plates (6.5 mm diameters and 8.0 pym diameter
filters) were purchased from Corning (USA). Sealed hypoxia
incubator chambers were obtained from Thermo Fisher
Scientific (USA). Other chemicals of analytical grade were
obtained from Sigma-Aldrich (USA).

Patients and tissue collection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and approved
by the local Ethics Committee of Tongji Medical College,
Huazhong University of Science (No. IORG0003571).
The participants were recruited at the Obstetrics and
Gynecology Department, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
and signed informed consent was obtained from all
patients. A total of 10 cases of eutopic endometrium and
9 cases of ectopic endometrium from patients with ovarian
endometriosis were collected. As controls, 11 cases of normal
endometrium specimens were collected from healthy women
who underwent tubal sterilization and were laparoscopically
confirmed to be free of endometriosis. A further 70 cases of
normal healthy endometrium were collected for the isolation
of primary human endometrial epithelial cells.

The recruited women displayed normal menstrual cycles
(range, 22-33 days), and none of the patients received any
anti-inflammatory or hormonal treatments within 3 months
prior to the surgery. At the time of biopsy collection, all
participants were in the proliferative phase of the menstrual
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cycle, as confirmed by clinical or histological criteria.
The stage of ovarian endometriotic tissues was confirmed
according to the classification of the American Society for
Reproductive Medicine (27). All fresh specimens were snap
frozen and immediately stored in liquid nitrogen. Samples
were used for RNA and protein extraction or paraffin
embedding for immunohistochemistry. The clinical data of
the patients are summarized in Table S1.

Isolation and culture of primary buman endometrial
epithelial cells and buman endometrial epithelial
adenocarcinoma Ishikawa cell lines

Human endometrial epithelial cells were isolated using
methods previously described with slight modifications (28).
Briefly, freshly collected normal endometrial tissues were
washed with cold 1x sterile phosphate buffer saline (PBS)
and cut into 1-2 mm’ pieces using sterile surgical scissors.
The minced tissue was then incubated with 2 mg/mL type
II collagenase (0.1%, Sigma-Aldrich) in PBS for 1 hour at
37 °C. After digestion, the suspension was filtered with a
150-pm sterile sieve to remove residual tissue debris and
followed by filtering with a 38-pm sterile sieve to separate
the human endometrial epithelial cells from the stromal
cells. The epithelial cells were collected and resuspended in
a 1:1 mixture of Dulbecco’s modified Eagle’s/F12 medium
(DMEM/F12; HyClone) supplemented with 20% fetal calf
serum (FCS; HyClone, USA), 100 U/mL penicillin, and
100 mg/mL streptomycin (HyClone). Cells were plated in
6-well culture plates. Cell immunofluorescence assay was
performed to detect the purity of the cells. The purity of
the cells was >95%, with no more than 1% stromal cell
contamination.

Given that primary human endometrial epithelial cell can
only be cultured for 2 passages and cannot be transfected,
the human endometrial epithelial adenocarcinoma Ishikawa
cell line (Shanghai Fuxiang Biotechnology Co., Ltd., China)
was also used in this study. The Ishikawa cells were cultured
in RMPI-1640 culture media (HyClone) supplemented
with 10% FBS, 100 U/mL penicillin and 100 mg/mL
streptomycin (HyClone) in humidified atmosphere with 5%
CO, at 37 °C.

Hypoxia treatment

Cells were plated and cultured in normoxic conditions and
grown to approximately 60-70% confluence. Cells were
then incubated in a sealed incubator chamber in 1% O,, 5%
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CO,, and 94% N, (Thermo Fisher Scientific) to simulate the
hypoxic environment. The cells in the control group were
incubated under normoxic cell culture conditions at 37 °C
with 21% O,, 5% CO,, for the indicated time periods.

Identification of isolated buman endometrial epithelial cells

Immunofluorescence experiments were conducted to detect
the epithelial protein E-cadherin and the mesenchymal
protein vimentin. Cells were first plated and cultured
on coverslips in 6-well plates and then washed 3 times
with PBS and fixed with 10% neutral buffered formalin
(NBF) for 0.5 hours at room temperature. Cells were
permeabilized with 0.1% Triton X-100 (Sigma-Aldrich) at
4 °C for 0.5 hours, followed by incubation with 5% bovine
serum albumin (BSA) for 1 hour at room temperature to
block nonspecific binding. After washing with Tris buffered
saline with Tween (TBST), cells were incubated with the
appropriate antibody (E-cadherin and vimentin) overnight
at 4 °C. On the following day, cells were treated with a goat
FITC-conjugated anti-rabbit IgG or a goat Cy3-conjugated
anti-rabbit IgG for 2 hours, followed by DAPI staining
for 15 minutes at room temperature. Cells were then
washed 3 times with TBST and visualized under a confocal
microscope (Olympus America Inc., USA). The isotype-
matched IgG from normal rabbits was used as a negative
control (see Figure S1).

RNA extraction and quantitative real-time polymerase
chain reaction

Total RNA was extracted from endometrial biopsies and
cells using Trizol reagent (TaKaRa Bio, Japan). RNA was
reverse transcribed to cDNA using the PrimeScript™
RT reagent Kit With gDNA Eraser (TaKaRa Bio). The
quantitative real-time polymerase chain reaction (QRT-PCR)
was conducted using the Step-One-Plus-TM real-time PCR
system (Applied Biosystems Inc, USA) with quantitative
SYBR Green PCR kit (TaKaRa Bio). C, values were
automatically generated by the instrument’s application
software, and relative gene expression was examined
by the 27**“ method with glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) as an internal control. The
primers sequences used in QRT-PCR are shown in Table S2.

Protein quantification by western blotting

Total protein was extracted from human endometrial
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cells and endometrial tissues using RIPA buffer (Sigma
Aldrich) containing protease inhibitors (Sigma Aldrich),
and denatured at 95 °C for 10 minutes. Total proteins
(30 pg) were separated on a 12% sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gels
and transferred onto polyvinylidene fluoride (PVDF)
membranes. Membranes were then incubated in 5%
nonfat milk in TBST containing 0.05% Tween-20 at room
temperature for 1 hour. After blocking, the membrane
was probed with the following primary antibodies at 4 °C
overnight: HIF-1a, E-cadherin, vimentin, and B-actin
(diluted 1:3,000, Abcam,). After being washed 3 times
with TBST, the membranes were incubated for 1 hour at
room temperature with a goat anti-rabbit HRP secondary
antibody (1:4,000; CST), or a secondary antibody conjugated
to horseradish peroxidase (1:3,000; Santa Cruz,). Reactive
bands were detected using the enhanced chemiluminescence
(ECL) western blotting detection reagent (Millipore, USA),
analyzed using an imaging system (Gel Doc 2000; Bio-
Rad, USA), and quantified using Image ] software (National
Institutes of Health, USA). Details of the antibodies used for
western blotting analysis are listed in Table S3.

Cell transfection

The IncRNA-UBOX5-AS1 overexpression plasmid
(UBOXS5-AS1), the IncRNA-UBOX5-AS1 short
hairpin RNA (shRNA) (UBOX5-AS1-shRNA), and the
corresponding negative scrambled control were obtained
from GeneChem (China). The HIF-1a overexpression
plasmid (HIF-1a), the HIF-1o small interfering RNA (HIF-
la-siRNA), and the corresponding negative scrambled
siRNA were obtained from Gemma Pharmaceutical
Technology (China). UBOXS5-AS1-shRNA and HIF-1a-
siRNA were transfected with Neofect™ DNA transfection
reagent (Neofect Biotechnologies, China) at a final
concentration of 100 nM, and all overexpression plasmids
were transfected at 2.0 pg in 6-well plates according to
the manufacturer’s instructions. All siRNA and shRNA
sequences are shown in Table S2.

Cell migration and invasion assays

Cell migration and invasion potential were evaluated in
24-well Transwell plates (Costar). Briefly, the upper
chamber of each insert was coated with 40 pL of Matrigel
(1:3 diluted with serum-free DMEM/F12 or RPMI 1640
medium) and cultured at 37 °C for 4 hours. Primary
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Figure 1 The expression of IncRNA-UBOXS5-AS1, HIF-1a, E-cadherin, and vimentin in the ectopic endometrium of endometriosis. (A)
Real-time polymerase chain reaction (RT-PCR) showed that expression of IncRNA-UBOX5-AS1 was increased in ectopic endometrium

tissues of endometriosis. (B,C) Representative western blotting analysis showing HIF-1a, E-cadherin, and vimentin protein expression in the

different types of endometrium. B-actin was used as an internal loading control. *P<0.05; **P<0.01. IncRNA-UBOX5-AS]1, long noncoding

RNA UBOX antisense RNA 1; HIF-1a, hypoxia-inducible factor-1a.

endometrial epithelial cells were seeded in serum-free
DMEM/F12 culture medium in the upper chamber, and
500 pL of DMEM/F12 culture medium supplemented with
20% FBS was placed in the lower chamber. Ishikawa cells
(5x10*/mL) were resuspended in 200 pL of culture medium
with no serum and plated in the upper chamber. The
lower chamber contained 500 pL of RPMI 1640 medium
supplemented with 10% FBS. After cultivation for 24 hours,
cells in the upper chamber were cleared with wet cotton
swabs and inserts were fixed and stained with 0.1% crystal
violet prior to microscopic visualization.

Statistical analysis

All experimental data were analyzed using Prism® 8.0
statistical analysis software (GraphPad, USA) and are
presented as mean = standard deviation (SD) from at least
3 independent experiments. Unpaired z-tests were used
to compare the mean of 2 independent groups. One-way
analysis of variance (ANOVA) was used to compare means
of 2 or more samples. A P value <0.05 was considered
statistically significant.

Results

The expression of HIF-1a, IncRNA-UBOXS5-AS1,
E-cadberin, and vimentin in ovarian endometriosis

The expression patterns of HIF-1a, IncRNA-UBOXS5-AS1,
and the EMT-related markers, E-cadherin and vimentin,
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were examined in ovarian endometriosis tissue samples by
qRT-PCR. The expression of IncRNA-UBOXS5-AS1 was
higher in ectopic endometrial tissue compared to that in
eutopic endometrial tissue and normal tissue (Figure 14).
Furthermore, western blotting analysis revealed increased
protein expression of HIF-Ia and vimentin in ovarian
endometriosis samples, while the expression of E-cadherin
was dramatically decreased in the ectopic endometrium
of endometriosis (Figure 1B,C). Collectively, the findings
suggested that aberrant activation of the HIF-1a pathway
and IncRNA-UBOXS5-AS1 may play an important role in
the EMT process of endometriosis.

Hypoxia triggered EMT in human endometrial
epithelial cells

To explore whether a hypoxic microenvironment induces
the EMT process in endometrial cells, the protein
expression levels of HIF-1a and the EMT-related genes,
E-cadherin and vimentin, were detected by western
blotting assay. As shown in Figure 2A4,B, after incubating
the human endometrial epithelial cells under hypoxic
conditions at various time points, the epithelial biomarker
E-cadherin was downregulated, while both HIF-Ia and
the mesenchymal biomarker vimentin were elevated.
Furthermore, after exposure to hypoxia for 24 hours, the
morphology of the primary human endometrial epithelial
cells became significantly stretched and elongated
(Figure 2C). Immunocytochemistry demonstrated
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Figure 2 Hypoxia induced epithelial-to-mesenchymal transition (EMT) in human endometrial epithelial cells. (A,B) Representative western
blots showing HIF-1a, E-cadherin, and vimentin protein expression in human endometrial epithelial cells cultured under hypoxic conditions
for 0, 4, 8, 12, and 24 hours. (C) Immunocytochemistry analysis of E-cadherin and vimentin in human endometrial epithelial cells cultured
under hypoxia for 24 hours (scale bar: 200x magnification). (D,E) Representative western blots showing HIF-Ia, E-cadherin, and vimentin
protein expression in Ishikawa cells cultured under hypoxic conditions for 0, 4, 8, 12, and 24 hours. (F) Changes in cellular morphology in
Ishikawa cells cultured under hypoxic conditions (scale bar: 400x magnification). B-actin was used as an internal loading control. *P<0.05;
**P<0.01. HIF-1a, hypoxia-inducible factor-1a.
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Figure 3 HIF-Ila signaling mediated hypoxia-induced epithelial-to-mesenchymal transition (EMT) in endometrial cells. (A,B)

Representative western blots showing HIF-1a, E-cadherin, and vimentin protein expression in Ishikawa cell transfected with vector plasmid

or HIF-1a expression plasmid under normoxic conditions. B-actin was used as the loading control. (C,D) Representative western blots

showing HIF-1a, E-cadherin, and vimentin protein expression in Ishikawa cells transfected with scrambled siRNA or HIF-1a siRNA under

normoxic and hypoxic conditions. B-actin was used as the loading control. *P<0.05; **P<0.01. HIF-1a, hypoxia-inducible factor-1a.

weaker E-cadherin membrane localization and stronger
intracytoplasmic localization of vimentin in hypoxia-treated
human endometrial epithelial cells compared to cells under
normoxic conditions (Figure 2C).

The Ishikawa endometrial cancer cell lines were cultured
under hypoxic conditions to examine the effects of hypoxia
on EMT. As shown in Figure 2D,E, hypoxia resulted in
activation of both HIF-1a signaling and the EMT process.
Moreover, hypoxia-treated Ishikawa cells lost their epithelial
morphology and assumed a fibroblastlike appearance
(Figure 2F). Collectively, these results are typical of events
that occur during the EMT of endometrial epithelial cells.

HIF-1a signaling mediated bhypoxia-induced EMT in
endometrial cells

Ishikawa cells were transfected with a HIF-1a expression
plasmid under normoxic conditions and western blotting
analyses were conducted. Overexpression of HIF-1a resulted
in elevated expression levels of HIF-1a and vimentin, as well
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as decreased expression of E-cadherin (Figure 34,B).

Furthermore, HIF-1a was silenced with specific siRNA.
A scrambled siRNA was used as a negative control. After
knockdown of HIF-1a in Ishikawa cells, the promoting
effect of hypoxia on EMT was dramatically attenuated
(Figure 3C,D). These results indicated that the HIF-1a
signaling pathway plays a key role in the hypoxia-triggered
EMT process.

Hypoxia promoted migration and invasion in endometrial
epithelial cells in a HIF-1a-dependent manner

The role of the HIF-Ia signaling pathway on cell
migration and invasion was examined in Ishikawa cells
and primary human endometrial epithelial cells using
Transwell assays. Cells exposed to hypoxia demonstrated
significantly increased migration and invasion abilities
compared to cells cultured under normoxic conditions
(Figure 44,B,C,D). However, after transfection with HIF-

la siRNA, the hypoxia-induced cell migration and invasion
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Representative photographs of the migration and invasion of Ishikawa cells transfected with scrambled shRNA and HIF-Ia shRNA under

normoxic and hypoxic conditions. (B, D, and F) Quantification of the Transwell assay. *P<0.05; **P<0.01. Photographs were taken at 200x

magnifications. HIF-1a, hypoxia-inducible factor-1o.

ability dramatically decreased (Figure 4E,F). These results
confirmed that hypoxia can promote the migration and
invasion of endometrial epithelial cells, with this effect
being mediated through HIF-1a signaling.

Hypoxia upregulated IncRNA-UBOXS5-AS1 expression
through HIF-1a signaling

To explore the mechanisms underlying the abnormal
elevation of IncRNA-UBOXS5-AS1 in human ovarian
endometriosis, both primary human endometrial
epithelial cells and Ishikawa cells were cultured under
hypoxic conditions. RT-PCR analysis revealed a time-
dependent upregulation of IncRNA-UBOXS5-AS1 after
hypoxia treatment in both cell types (Figure 54,B). As
HIF-1a is the central regulator of hypoxia adaptations,
it was speculated that IncRNA-UBOX5-AS1 was

© Annals of Translational Medicine. All rights reserved.

transcriptionally regulated by HIF-Ia. Therefore, a HIF-
la expression plasmid was transfected into Ishikawa cells,
and RT-PCR results demonstrated that overexpression
of HIF-1o resulted in elevated expression of IncRNA-
UBOXS5-AS1 (Figure 5C). Conversely, when HIF-1a was
silenced in Ishikawa cells using the HIF-1a siRNA and
cells were cultured under hypoxia, the levels of IncRINA-
UBOX5-AS1 expression were decreased compared
to Ishikawa cells transfected with scrambled siRNA
(Figure 5D). The above data demonstrated that IncRINA-
UBOX5-AS1 was upregulated by HIF-1a under hypoxic
conditions.

IncRNA-UBOXS5-AS1 contributed to the bypoxia-induced

EMT in buman endometrial epithelial cells

To explore the role of IncRNA-UBOXS5-ASI in hypoxia-
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Figure 5 Hypoxia upregulated IncRNA-UBOXS5-AS1 expression through HIF-Ia signaling. (A) Human endometrial epithelial cells

were treated under hypoxic conditions for various time periods and IncRNA-UBOXS5-AS1 levels were detected by quantitative real time

polymerase chain reaction (QRT-PCR). (B) Ishikawa cells were incubated under hypoxic conditions for the indicated time periods and
IncRNA-UBOXS5-AS1 levels were monitored by qRT-PCR. (C) Ishikawa cells were transfected with empty vector or HIF-1a overexpression
plasmid under normoxic conditions and IncRNA-UBOXS5-AS1 levels were examined by qRT-PCR. (D) Ishikawa cells were transfected with
scrambled siRNA or HIF-Ia target siRNA and treated under hypoxic conditions for 24 hours and the expression of IncRINA-UBOXS5-AS1
was assessed by qRT-PCR. *P<0.05; **P<0.01. IncRNA-UBOX5-AS1, long noncoding RNA UBOX antisense RNA 1; HIF-1a, hypoxia-

inducible factor-1a.

induced EMT induction, the IncRNA-UBOX5-AS1
expression plasmid was transfected into Ishikawa cells.
Overexpression of IncRNA-UBOX5-AS1 resulted in
significantly increased protein expression of vimentin,
accompanied with decreased protein expression of
E-cadherin compared to control cells and cells transfected
with a vector control (Figure 6A4,B). To confirm these
results, IncRNA-UBOXS5-AS1 shRNA was transfected into
Ishikawa cells. Compared to the scrambled shRNA group,
cells transfected with the IncRNA-UBOXS5-AS1 shRNA
showed decreased expression of vimentin and increased
expression of E-cadherin under hypoxic conditions
(Figure 6C,D). Collectively, these results suggested that
IncRNA-UBOXS5-AS1 plays a key role in the hypoxia-
induced EMT.

Inhibition of IncRNA-UBOXS5-AS1 attenuated
hypoxia-induced endometrial cell migration and invasion

To investigate the effect of IncRNA-UBOXS5-AS on cell
migration and invasion, Transwell assays were performed.
Ishikawa cells were transfected with or without IncRNA-
UBOX5-AS1 shRNA under hypoxic conditions. As shown
in Figure 7A,B, compared with the normoxia group, cells
in the hypoxia group showed increased migration and
invasion abilities. However, silencing of IncRNA-UBOXS5-

© Annals of Translational Medicine. All rights reserved.

AS1 dramatically attenuated the migration and invasion of
Ishikawa cells.

Discussion

To the best of our knowledge, this is the first study to
shed light on the interplay between the peritoneal hypoxic
microenvironment and IncRNA UBOX5-AS1 activation
and its consequences on the process of EMT and invasion
in endometrial epithelial cells. Our data showed that
the expression of both IncRNA UBOXS5-AS1 and HIF-
lo were significantly increased in ovarian endometriotic
tissue, and this was positively correlated with the EMT
process. Moreover, hypoxia was able to upregulate IncRNA-
UBOXS5-AS1 expression in a HIF-1a-dependent manner.
Upregulation of the HIF-10/IncRNA-UBOX5-AS1 axis
by hypoxia caused an activation of the EMT process,
which resulted in enhanced cell invasion potential in
endometriosis.

Endometriosis is an enigmatic gynecological disorder
in women of childbearing age (1). Currently, the precise
etiology and pathogenesis of endometriosis is still poorly
understood. The most widely accepted theory involving
retrograde menstruation implantation was proposed by
Sampson in the 1920s (29). While retrograde menstruation
occurs in almost all menstruating females (up to 90%), only
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Figure 6 Knockdown of IncRNA-UBOX5-AS1 interfered with hypoxia-induced epithelia-mesenchymal transition (EMT) in human

endometrial epithelial cells. (A,B) Representative western blots showing E-cadherin and vimentin protein levels in Ishikawa cells transfected

with empty vector or the UBOX5-ASI1 overexpression plasmid under normoxic conditions. (C,D) Representative western blots showing

E-cadherin and vimentin protein levels in Ishikawa cells transfected with scrambled shRNA or UBOX5-AS1 shRNA under normoxic or
hypoxic conditions. B-actin was used as an internal loading control. *P<0.05; **P<0.01. IncRNA-UBOXS5-AS1, long noncoding RNA UBOX

antisense RNA 1.

about 10% of women may finally develop endometriosis.
Therefore, the development of endometriotic lesions may
include other critical factors, such as increased exposure to
menstrual debris, abnormal eutopic endometrium, or an
altered peritoneal microenvironment.

According to Sampson’s theory, shed endometrial
fragments lack blood supply and may face hypoxic stress
in the peritoneal environment (30). Hypoxia is a central
regulator that modulates multiple pathophysiological
processes, a majority of which are thought to operate via
transcriptional regulation by HIFs (31). HIFs consist of a
subunits and B subunits to form the heterodimeric complex.
HIF-1B is constitutively expressed under both normoxic
and hypoxic conditions. In contrast, the HIF-1a subunit
is primarily modulated by cellular oxygen concentrations.
Normally, HIF-1a is bound to the von Hippel-Lindau

© Annals of Translational Medicine. All rights reserved.

protein (VHL) and is rapidly degraded by the ubiquitin-
proteasome system when cells are under normoxic
conditions. However, under a hypoxic microenvironment,
hydroxylation of HIF-Ia is inhibited, allowing HIF-
la to avoid degradation and increasing its stability (32).
Accumulating evidence suggests that peritoneal local
hypoxia plays a critical role in the development of ovarian
endometriosis, involving angiogenesis, inflammation,
adhesion, invasion, and survival (33-39) (see Figure S2).
Additionally, our previous research demonstrated that the
expression of HIF-1a was markedly increased in ovarian
endometrial tissues (5,7).

Accumulating reports have revealed a crucial role for
hypoxia in the invasion/migration of endometriosis (40).
EMT, in which primary epithelial cells transform into
loosely organized mesenchymal-like cells with increased
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Figure 7 Inhibition of IncRNA-UBOX5-AS1 attenuated hypoxia-induced endometrial cell migration and invasion. (A) Ishikawa cells were

transfected with UBOX5-AS1 shRNA or scrambled shRNA, and incubated under normoxic or hypoxic conditions. Cell migration and

invasion potential were evaluated by Transwell assays. (B) Quantification of the Transwell assays. *P<0.05; **P<0.01. Photographs were taken
at 200x magnifications. IncRNA-UBOX5-AS1, long noncoding RNA UBOX antisense RNA 1.

cell motility and invasion, has been demonstrated to be a
critical step in the initial formation of endometriosis (17).
Both hypoxia and overexpression of HIF-1a have been
shown to trigger EMT and invasive phenotypes (41),
possibly via HIF-1a-dependent accumulation of EMT-
related key regulators, such as Snail, Twist, ZEB1, and
ZEB2. Chen et 4l. demonstrated that hypoxia can promote
EMT and proliferation of pancreatic cancer cells through
activation of the TWIST gene (42). Joseph et al. showed
that hypoxia enhances the migration and invasion of
glioblastoma cells by promoting the HIF-1a-ZEB1 axis,
thereby mediating the EMT process (43). This current
study demonstrated that hypoxia could trigger the EMT
process in both primary endometrial epithelial cells and
Ishikawa cells. Moreover, the data suggested that HIF-
Ia signaling is required for hypoxia-induced migration,
invasion, and EMT. Collectively, the above results

© Annals of Translational Medicine. All rights reserved.

demonstrated that hypoxia can promote endometrial cell
migration, invasion, and EMT via the HIF-1a signaling
pathway.

Recently, an increasing number of reports have shown
that IncRNAs are vital for the regulation of multiple
biological processes, including proliferation, invasion, and
EMT. Dysregulation of IncRNAs may also contribute to
the pathological processes of endometriosis. Ghazal et al.
reported that the elevation of IncRNA-H19 expression
promoted proliferation of endometriotic stromal cell via
the downregulation of let-7 to target insulin-like growth
factor 1 receptor IGFIR) (44). Zhang er 4/. demonstrated
that knockdown of IncRNA-CCDC144NL-AS1 attenuated
endometrial stromal cells migration and invasion (45).
LncRNA UBOXS5-AS1 is a recently identified IncRNA
that is highly expressed in the ectopic endometrium of
ovarian endometriosis. However, little is known about
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its function in endometriosis (26). Furthermore, prior
research has suggested that the hypoxic microenvironment
is a vital driving force affecting the expression patterns of
IncRNAs. Deng and colleagues demonstrated that hypoxia
promotes metastasis and progression of pancreatic cancer
via IncRNA-BX111-mediated ZEB1 transcription (46). In
another study, Xue et 4/. found that hypoxic exosomes could
upregulate the expression of IncRNA-UCA1, which resulted
in aggressive bladder tumor growth and development (47).
However, it remains to be determined whether IncRNA-
UBOXS5-AST1 is potentially regulated by hypoxic conditions
in ovarian endometriosis. The findings of our study showed
that both IncRNA-UBOXS5-AS1 and HIF-1a were elevated
in ectopic endometriotic tissue. Furthermore, IncRNA-
UBOX5-AS1 was upregulated by hypoxia in a time-
dependent manner and was modulated by HIF-1a signaling
in human endometrial epithelial cells. Taken together, this
study demonstrated that hypoxia can elevate the levels of
IncRNA-UBOXS5-AS1 in a HIF-1a-dependent manner in
endometrial cells.

Both IncRNA-UBOXS5-AS1 and the EMT process
can be upregulated by hypoxic stress. However, the exact
relationship between IncRNA-UBOXS5-AS1 and the
EMT process under hypoxic conditions in the context of
endometriosis remains to be fully elucidated. Therefore,
it is critical to investigate the regulatory role of IncRNA-
UBOXS5-AS1 on the EMT process under hypoxic
conditions in endometriosis. Previous studies have indicated
a role for hypoxic-induced regulation of IncRNAs on
the EMT process. Zhang and colleagues reported that
the IncRNA, HOTTIP, promotes the hypoxia-induced
EMT process by modulating the microRNA (miR)-101/
ZEBI axis in malignant glioma (48). In pancreatic cancer,
hypoxia was found to promote tumor metastasis through
the IncRNA NORAD-induced EMT process (49). These
reports lead us to speculate that IncRNA-UBOXS5-AS1 may
also function by regulating the EMT of endometriosis in
the hypoxic microenvironment. Herein, we demonstrated
that knockdown of IncRNA-UBOX5-AS1 could reverse
the hypoxia-triggered EMT process in human endometrial
epithelial cells. The results also showed that downregulation
of IncRNA-UBOXS5-AS1 attenuated cell migration and
invasion under hypoxic conditions. This present study is
the first to demonstrate the role of IncRNA-UBOX5-AS1
in the regulation of the hypoxia-induced EMT process in
ovarian endometriosis.

This investigation has a number of important limitations
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that should be acknowledged. First, the current study only
examined the proliferative phase of the normal, eutopic,
and ectopic endometrium of ovarian endometriosis, with
only a relatively small sample size, which may constrain the
generalizability of our results. Future studies with larger
sample sizes are needed to further validate these findings.
Second, since primary endometrial epithelial cells are very
difficult to grow and passage for transfection and Transwell
experiments, the human endometrial carcinoma Ishikawa
cell line was used. Ishikawa cells are a well-differentiated
human endometrial adenocarcinoma cell line that expresses
estrogen, progesterone, and androgen receptors, and many
investigations have used this cell line to study human
endometriosis. Third, the exact mechanisms of IncRNA-
UBOX5-AS1-mediated promotion of the EMT process in
human endometrial epithelial cells remained unclear. Our
previous study demonstrated that estradiol promotes EMT in
endometriosis via MALAT'1/miR200s sponge function (50).
However, the regulatory mechanisms of IncRNA-UBOXS5-
AS1 on EMT under hypoxic conditions are still poorly
understood. Last, the expression of IncRNA-UBOXS5-AS1
and its functions in endometriosis should be validated in
future in vivo experiments. Since the regulatory mechanisms
for EMT are complex, the precise mechanisms by which
IncRNA-UBOXS5-AS1 regulate EMT warrant further
investigation.

In summary, this current research is the first to shed
light on the role of IncRNA-UBOXS5-AS1 in hypoxia-
induced EMT. Hypoxia can both increase IncRNA-
UBOXS5-AS1 expression in a HIF-1a-dependent manner
and stimulate EMT in endometrial epithelial cells.
Furthermore, enhanced IncRNA-UBOXS5-AS1 expression
promoted EMT and metastasis under hypoxic conditions.
Inhibition of IncRNA-UBOXS5-AST significantly attenuated
the malignant phenomena induced by hypoxia (Figure §).
Recent studies demonstrated that dysregulated IncRNAs are
potential diagnostic biomarkers and therapeutic targets. As
IncRNA-UBOXS5-AS1 may be involved in the pathogenesis
of ovarian endometriosis, further studies should focus on
elucidating the specific molecular mechanisms of IncRNA-
UBOXS5-AS1 to provide novel insights into the diagnosis
and treatment of ovarian endometriosis.
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Supplementary

Table S1 Clinical characteristics of patients

Samples used for Western blot

Samples used for primary

Normal Eutopic Ectopic endometrial epithelial cell

Endometrium Endometrium Endometrium cultures
Number of cases 11 10 9 70
Age 31.3+2.1 30.4+3.2 36.3+2.5 32.2+2.7
Menstrual cycle phase Proliferative Proliferative Proliferative Proliferative
#rASRM stage
1} 11 16
\% 19 16

Median (range). Revised American Society for Reproductive Medicine classification (rASRM: American Society for Reproductive Medicine, 1997).

A anti-E-cadherin ab DAPI

Merge

anti-Vimentin ab DAPI

Merge

Figure S1 Identification of markers for isolation of human endometrial epithelial cells. Immuofluorescence microscopy staining of

(A) E-cadherin in green represents and (B) Vimentin in red represents. Blue signal represents nuclear DNA staining by DAPI. Human

endometrial epithelial cells were judged by negative cellular staining for Vimentin and positive staining for E-cadherin. Photographs were

taken at magnifications of 1600x. Data presented are from three independent experiments.
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Table S2 Primer sequences used for real-time RT-PCR and siRINA analyses

Gene primier sequence (5’-3’)

Forward GAAAACAGGCCAGGGTTAG
UBOX5-AS1 (for gRT-PCR)

Reverse GGACTCGGGAGGGATGAAG

Forward GGCAAUGUUUUACACUAUUTT
UBOX5-AS1 shRNA

Reverse AAUAGUGUAAAACAUUGCCT

Forward GGCAAUGUUUUACACUAUUTT
scramble shRNA

Reverse AAUAGUGUAAAACAUUGCCTA

Forward GCUGGAGACAAUCAUAUTTA
HIF-10 siRNA

Reverse AACUUCACAAUCGUAACUGGU

Forward UUCUCCGAACGUGUCACGUTT
scramble siRNA

Reverse ACGUGACACGUUCGGAGAATT

Table S3 Commercial sources and characteristics of antibodies used

Dilution
Antibody Isotype Product Num/ Location
ICC WB Manufacture

HIF-1a None 1:1000 Rabbit IgG AF1009 / Affinity u.sS.
E-cadherin 1:100 1:1000 Rabbit IgG ab40772 /Abcam U.K.
Vimentin 1:100 1: 700 Rabbit IgG #5741 /CST u.s.
B-actin None 1:1000 Rabbit IgG ab8226 / Abcam u.s.
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Figure S2 Hypoxia promotes the development of endometriosis through multiple mechanisms. H3K27, histone 3 lysine 27; ANTXR2,

Anthrax Toxin Receptor 2; LATS1, Large Tumor Suppressor Kinase 1; YAP1, Yes-associated protein 1; HIF-10, hypoxia-inducible factor-1a;

MALAT1, Metastasis Associated in Lung Adenocarcinoma Transcript; COUP-TFII, Chicken Ovalbumin Upstream Promoter-Transcription
Factor II; DUSP2, dual Specificity Phosphatase 2; IL-6, Interleukin- 6; STAT?3, Signal transducer and activator of transcription 3.
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