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cancer.

Background: HOXA cluster antisense RNA2 (HOXA-AS2), a long-chain non-coding RNA, plays an important role in
the behavior of various malignant tumors. The roles of HOXA-AS2 in endometrial cancer remain unclear.

Methods: We test expression levels of HOXA-AS2, miRNA-302c-3p, the transcription factor zinc finger X-chromo-
somal protein (ZFX), and the chitinase-like protein YKL-40 in endometrial carcinoma by gRT-PCR and western blotting.
Luciferase reporter and qRT-PCR assays were conducted to identify potential binding sites of HOXA-AS2 to miRNA-
302c-3p. Cell cycle, migration and invasion ability of endometrial cancer cells were investigated using flow-cytometric

Results: HOXA-AS2 levels were significantly increased in endometrial cancer specimens compared to normal
endometrial specimens. Upregulated HOXA-AS2 promoted invasion and proliferation of type | endometrial cancer
cells. HOXA-AS2 silenced miRNA-302c-3p by binding to it. MiRNA-302c-3p negatively regulates ZFX and YKL-40. Thus
HOXA-AS2 promotes the development of type | endometrial cancer via miRNA-302¢-3p-mediated regulation of ZFX.

Conclusions: These findings suggest that HOXA-AS2 can act as a new therapeutic target for type | endometrial
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Background

Despite advances in surgical, chemotherapeutic and bio-
immunotherapeutic tumor treatments, cancer remains
difficult to treat. Elucidation of the mechanisms of tumo-
rigenesis may improve tumor prevention and treatment.
Endometrial carcinoma is one of the most common
gynecological malignancies. Although the average 5-year
survival rate of endometrial cancer is 80%, the incidence
of this cancer is increasing. Each year, 380,000 new cases
of endometrial cancer occured and 89,000 cases died in
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the world [1]. A deeper understanding of the molecular
mechanisms of endometrial carcinogenesis may provide
a theoretical basis for better diagnosis and treatment of
the disease.

Only 2% of genes encode proteins, the remaining
genes are transcribed into non-coding RNAs (ncR-
NAs) [2]. NcRNAs are divided into two groups based on
their length: short ncRNAs (<200 nt) and long ncRNAs
(IncRNAs, >200 nt). LncRNAs regulate gene expression
at multiple levels, including transcriptional and post-
transcriptional levels [3]. They play important roles in
the diagnosis, treatment, and prognosis of tumors [4, 5].
Roles of some IncRNAs in endometrial carcinoma have
already been clarified. ASLNCO0480 promotes the prolif-
eration of endometrial carcinoma cells and inhibits apop-
tosis [6]. HOTAIR is highly expressed and associated
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with lymph node metastasis of endometrial carcinoma,
and it is used for endometrial carcinoma classification.
Downregulation of HOTAIR inhibits proliferation of
endometrial carcinoma at the cellular and tissue levels
[7]. Thus, substantial evidence indicates that IncRNAs
are crucial regulators in endometrial carcinoma develop-
ment and progression.

HOXA cluster antisense RNA2 (HOXA-AS2) is a
1048-bp IncRNA. It was found to inhibit apoptosis in
early myelogenous leukemia cells treated with trans
retinoic acid. HOXA-AS2 is located between HOXA3
and HOXA4 in the HOXA gene cluster and is expressed
in NB4 early myelogenous leukemia cells and human
peripheral blood midgranulocytes. Silencing of HOXA-
AS2 reduced the cellular activity of granulocytes and
increased apoptosis [8]. HOXA-AS2 expression is upreg-
ulated in gastric cancer and is related to tumor size and
pathological stage and patient prognosis. HOXA-AS2
inhibits the expression of P21, PLK3, and DDZT3 by
binding to EZH2, promotes the proliferation of and
inhibites the apoptosis of tumor cells [9]. However, the
roles of HOXA-AS2 in endometrial cancer remain
unclear.

LncRNAs can serve as competing endogenous RNAs
(ceRNAs) to regulate microRNAs (miRNAs). MiRNAs
are non-coding small RNAs that can bind to comple-
mentary sequences in the 3’ UTRs of target mRNAs, and
then regulate transcription. They are involved in vari-
ous biological processes through regulatory networks,
particularly occurrence, development, and metastasis
of tumor and can serve as predictive markers for cancer
treatment and prognosis [10]. The miR-302 cluster is a
highly conserved vertebrate-specific gene cluster located
on chromosome 4. Exogenous miRNA-302 suppressed
human endometrial cancer and provided new clues
for gene therapy of endometrial cancer [11]. MiRNA-
302c, a member of the miRNA-302 family, directly acts
on estrogen receptors in human breast cancer cells
[12, 13]. Therefore, we inferred that miRNA-302c may
play a similar role in endometrial cancer, which is also
estrogen-dependent.

This study aimed to explore whether HOXA-AS2 has a
role in endometrial cancer and whether miR-302c-3p is
involved in its underlying mechanism of action.

Materials and methods

Patients and specimens

In total, 35 endometrial cancer specimens and 30 nor-
mal endometrial specimens were collected from patients
visiting the Department of Obstetrics and Gynecology,
Shengjing Hospital of China Medical University between
2016 and 2017. Normal endometrial specimens were
obtained from patients with abnormal uterine bleeding
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treated with curettage. All specimens were histologi-
cally evaluated by experienced pathologists to make a
pathological diagnosis. None of the patients had received
chemotherapy or radiotherapy treatment prior to the
study. This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Shengjing Hospital of China Medical Uni-
versity, and written informed consent was obtained from
all participants.

Cell culture
The human endometrial carcinoma cell line Ishikawa was
kindly supplied by the Department of Pathophysiology,
Beijing University. The human embryonic kidney (HEK)
293T cells were purchased from the Shanghai Institute of
Cell Biology Academy of Sciences (Shanghai, China).
Ishikawa endometrial carcinoma cells were cultured in
RPMI 1640 (Biological Industries, Kibbutz Beit Haemek,
Israel) containing 10% fetal bovine serum (FBS), 50 IU/
mL penicillin, and 50 mg/mL streptomycin (Invitrogen,
Carlsbad, CA). HEK293T human embryonic kidney
cells were maintained in DMEM/high-glucose medium
(HyClone) supplemented with 10% FBS. Cells were main-
tained in a humidified incubator at 37 °C in the presence
of 5% CO,.

Transfection of cells

Lentiviral overexpression plasmids harboring pcDNA3.1-
HOXA-AS2 and pcDNA3.1-ZFX were purchased from
GenePharma (Shanghai, China). Ishikawa cells were
transfected with 2 pg plasmid using Lipofectamine 3000
(Invitrogen, Carlsbad, CA) according to the manufactur-
er’s instructions, and were analyzed 48 h after transfec-
tion. A low-expression plasmid harboring sh-HOXA-AS2
and sh-ZFX was purchased from GenePharma and was
transfected at a multiplicity of infection of 50. MiR-
302c-3p mimic and inhibitor and their respective scram-
bled negative control (NC) RNAs were purchased from
GenePharma. YKL-40 overexpression plasmid (pEX4-
YKL-40), YKL-40 low-expression plasmid (sh-YKL-40),
and their respective negative control DNAs were pur-
chased from GenePharma. Plasmid and RNA oligo/inhib-
itor sequences are listed in Additional file 1: Table S1.

Quantitative reverse-transcription (qRT-)PCR

Total RNA was extracted from tissue specimens or cul-
tured cells using TRIzol reagent (Takara, Dalian, China)
according to the manufacturer’s protocol. qRT-PCRs
were conducted in duplicate using QuantiTect SYBR
Green PCR Kit (Sangon Biotech, Shanghai, China). Glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) and
RNUS6 (U6) were used as internal controls because they
were stably expressed across all groups. Expression levels
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(relative to controls) were quantified using the PAVAS,
method after normalization against the level of a-tubulin.
All primers were purchased from Sangon Biotech. Primer
sequences are listed in Additional file 2: Table S2.

Protein extraction and western blotting

Proteins were extracted from endometrial specimens
or cultured cells and homogenized in RIPA lysis buffer
(SDS), 100 upg/ml phenylmethylsulfonyl fluoride, and
0.5% sodium deoxycholate in PBS) on ice. Superna-
tants were collected after centrifugation at 12,000g at
4 °C for 20 min. Protein concentrations were deter-
mined using a BCA protein assay kit (BioRad, China),
and the whole lysates were mixed with 4 x SDS load-
ing buffer (125 mmol/l Tris—HCI, 4% SDS, 20% glyc-
erol, 100 mmol/l DTT, and 0.2% bromophenol blue) at
a ratio of 1:3. Protein samples were heated at 100 °C for
5 min, separated on an SDS—polyacrylamide gels, and
transferred to polyvinylidene fluoride membranes. The
membranes were first probed with primary antibodies
After incubation with horseradish peroxidase-conjugated
secondary antibody, immunocomplexes were visual-
ized using enhanced chemiluminescence. Images of the
membranes were captured using Quantity One imaging
software (Bio-Rad, Hercules, CA) and were used for den-
sitometry using NIH Image] software. Primary antibodies
used included anti-ZFX #PA5-78234(Invitrogen, Carls-
bad, CA), anti-YKL-40#47066, and anti-B-actin#4970
(all from Cell Signaling, San Jose, CA). B-actin was used
as a protein loading control. HRP-conjugated anti-rab-
bit#111-001-003 (Jackson ImmunoResearch Labs, West
Grove, PA) was used as the secondary antibody. Images
shown in the figures are representative of five individuals.
Protein levels were normalized to the a-tubulin protein
level and are expressed relative to experimental controls.

Luciferase reporter assay

HEK?293T cells were cotransfected with 5 nmol of iden-
tified miRNAs or scrambled negative controls (RiboBio,
Guangzhou, China) along with 100 ng of a dual-luciferase
reporter vector carrying the wild-type HOXA-AS2 frag-
ment (pmiR—RB—Reportm—HOXA-AS2; RiboBio), using
Lipofectamine 3000 (Invitrogen) according to the man-
ufacturer’s instructions. To assess interaction between
miR-302¢c-3p and HOXA-AS2, mutant HOXA-AS2
(RiboBio) was added to the cotransfection system. At
48 h post transfection, luciferase activities were meas-
ured using a dual-luciferase reporter gene assay kit (Pro-
mega, Madison, WI) according to the manufacturer’s
instructions.
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Transwell cell migration assay

Cells were seeded at 4 x 10° cells/ml on top of poly-
carbonate Transwell filters coated with Matrigel in
the upper chambers of BioCoat " Invasion Cham-
bers (BD Biosciences, Bedford, MA), and incubated at
37 °C for 24 h. Then, cells inside the upper chamber
were removed with cotton swabs. Migratory and inva-
sive cells on the lower membrane surface were fixed,
stained with crystal violet, and counted in five random
fields (40 x) per well. Cell counts are expressed as the
mean number of cells per field of view. Four independ-
ent experiments were conducted, and the data are pre-
sented as the mean & standard deviation (SD).

CCK-8 cell proliferation assay

Cells were grown in 96-well plates. In each well, 10 pl
of CCK-8 reagent (Dojindo, Japan) was added, and cells
were incubated at 37 °C with 5% CO, for 24 h. The der.
Each treatment group was assayed in triplicate at daily
intervals after consecutive seeding for up to 3 days.
Optical density at 450 nm was measured using a micro-
plate rea

Cell cycle and apoptosis analyses

For cell cycle analysis, following transfection, 10°
cells per group were harvested, washed in phosphate-
buffered saline (PBS), and fixed in 70% ethanol at 4 °C
overnight. Then, the cells were incubated in PBS con-
taining Rnase A (at 1:50 of the system), and DNA was
stained with propidium iodide (at 1:100 of the system).
The proportions of cells in different phases of the cell
cycle were assessed by flow cytometry (FACSCalibur;
BD Biosciences, San Jose, CA). For apoptosis analysis,
following transfection, cells were harvested and dou-
ble-stained with Annexin APC/7-AAD (BioLegend, San
Diego, CA) in the dark at room temperature for 10 min.
Subsequently, the proportion of apoptotic cells was
assessed by flow cytometry (FACSCalibur). Each group
was analyzed in triplicate.

In-situ hybridization

The localization of HOXA-AS2 in endometrial car-
cinoma tissues was determined using a HOXA-AS2
probe (Boster, Wuhan, China). ISH was performed using
the ISH Kit according to the manufacturer’s instruc-
tions. Probes were diluted in hybridization buffer, dena-
tured, and then hybridized at 60 °C overnight. The
slides were blocked at 37 °C for 30 min and were visu-
alized 3,3'-diaminobenzidine reaction. Images were digi-
tally acquired on a microscope. The probe sequences of
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HOXA-AS2 were design as: (5’—CTCGCCGGACCC
TGGCTTGGAGAAGTTCTGCGCTCCGCTG-3).

Statistical analysis

All statistical analyses were carried out using Prism 6.0
software (GraphPad, La Jolla, CA) and SPSS version 17.0
software (SPSS, Chicago, IL). The data were expressed
as the mean £ standard deviation. Statistical significance
was set at P<0.05. All data were analyzed using Student’s
two tailed ¢ test.

Results

HOXA-AS2 is highly expressed in human endometrial
carcinoma tissue and promotes the development of type |
endometrial cancer cells in vitro

We compared HOXA-AS2 levels in 35 endometrial
cancer tissues and 30 normal endometrial tissues by
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qRT-PCR. HOXA-AS2 levels were significantly higher
in cancer tissues than in normal tissues (Fig. 1a). We dis-
covered that HOXA-AS2 was located in the cytoplasm
(Additional file 3: Fig. Sla). To investigate the function
of HOXA-AS2 in endometrial cancer, we transfected
Ishikawa cells with four different HOXA-AS2 siRNAs to
silence HOXA-AS2. qRT-PCR for HOXA-AS2 expression
analysis was conducted 48 h post transfection. Si-HOXA-
AS2 2# most significantly decreased HOXA-AS2 expres-
sion (Additional file 3: Fig. S1b), therefore, was selected
for subsequent experiments. In addition, overexpression
of HOXA-AS2 was induced by transfecting Ishikawa cells
with the pcDNA-3.1-HOXA-AS2 expression vector.
CCK-8 assays showed that Ishikawa cell growth
was significantly inhibited upon HOXA-AS2 deple-
tion, whereas it was significantly enhanced upon
HOXA-AS2 overexpression (Fig. 1b). Transwell assays
revealed that the invasion capability of Ishikawa cells
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Fig. 1 HOXA-AS2 is highly expressed in endometrial carcinoma tissues and promotes the development of type | endometrial cancer cells in vitro.
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were significantly decreased following HOXA-AS2
knockdown, but markedly increased upon HOXA-AS2
overexpression (Fig. 1c). Flow-cytometric analysis was
used to determine whether the cell cycle and apop-
tosis of endometrial carcinoma cells were affected by
HOXA-AS2. The results showed that when HOXA-
AS2 knockdown, the fraction of cells in the S phase
was reduced compared with that of cells transfected
with NC (Fig. 1d), and the fractions of early- and late-
apoptotic cells were increased compared with those
of cells transfected with NC (Fig. 1d). Inversely, over-
expression of HOXA-AS2 led to an increase in the
S-phase cell fraction and decreases in the early- and
late-apoptotic cell fractions compared to these frac-
tions in cells transfected with the NC (Fig. le). These
results suggested that HOXA-AS2 may act as an onco-
gene to promote the development and proliferation of
type I endometrial carcinoma cells.
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Expression of miR-302¢c-3p is low in type | endometrial
carcinoma cells and suppresses their development in vitro
To investigate the role of miR-302c-3p in endometrial
cancer development, miR-302c-3p expression was ana-
lyzed in 35 endometrial carcinoma samples and the 30
normal endometrial tissues by qRT-PCR. MiR-302c-3p
expression was significantly downregulated in tumor
tissues compared with that in normal tissues (Fig. 2a).
Next, miR-302¢c-3p mimic and inhibitor were trans-
fected into Ishikawa cells to induce high and low miR-
302c-3p expression, respectively. CCK-8 assay revealed
that the proliferation ability of endometrial cancer
cells was decreased following miR-302c-3p overex-
pression and increased following downregulation of
miR-302c-3p expression (Fig. 2b). Transwell assays
indicated that the invasion capability of Ishikawa cells
was significantly increased following downregulation
of miR-302c-3p, but decreased following upregula-
tion of miR-302c-3p (Fig. 2c). Flow cytometry revealed
that the fraction of early- and late-apoptotic cells was
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decreased upon downregulation of miR-302c-3p and
increased upon upregulation of miR-302c-3p (Fig. 2e).
Downregulation of miR-302¢-3p led to an increase in
S-phase cells, whereas upregulation of miR-302c-3p
led to a decrease in S-phase cells (Fig. 2d). These data
suggested that miR-302c-3p may inhibit the develop-
ment of endometrial cancer and acts as a suppressor of
type I endometrial carcinoma cell proliferation.

HOXA-AS2 promotes type | endometrial cancer

by regulating miR-302c-3p

Previous studies have demonstrated that HOXA-AS2
plays a catalytic role in endometrial cancer. However,
the underlying mechanisms remained unclear. Using
the bioinformatics database starBase v. 2.0, we deter-
mined that human HOXA-AS2 has a potential bind-
ing site for has-miR-302c-3p and, thus, may play a role
in promoting endometrial cancer by regulating miR-
302c-3p. To test it, we first carried out a dual lucif-
erase assay to verify whether this binding can indeed
occur and, if it does, determine the binding site. The
results indicated that HOXA-AS2 could directly tar-
get miR-302c-3p via the putative binding site (Fig. 3a).
Furthermore, we transfected pcDNA-3.1-HOXA-
AS2 and siRNA-HOXA-AS2 into Ishikawa cells, and
determined miR-302c-3p expression via qRT-PCR.
MiR-302c-3p expression was significantly decreased
compared to that in the control group upon HOXA-
AS2  overexpression, and significantly increased
compared to that in the control group upon downregu-
lation of HOXA-AS2 (Fig. 3b). These results indicated
that miR-302c-3p expression is negatively regulated by
HOXA-AS2 in type I endometrial cancer.
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ZFX and YKL-40 were involved

in HOXA-AS2-miR-302c¢-3p-induced malignant progression
of type | endometrial cancer cells

TargetScan predicted that miR-302c-3p has a binding
site for the 3’-UTR of ZFX. (http://www.targetscan.org,
Fig. 4a). The transcription factor ZFX can bind to target
genes via the “GGCCT”motif. There are two “GCCT”
sequences upstream of the YKL-40 transcription start
site. Therefore, we infered that ZFX may be regulated
by miR-302c-3p and participate in the transcriptional
regulation of YKL-40 expression. Using qRT-PCR and
western blotting, we found that ZFX and YKL-40 were
significantly higher in endometrial cancer tissues than
in normal endometrial tissues both mRNA and protein
levels (Fig. 4b, c). Next, we overexpressed and down-
regulated HOXA-AS2 and miR-302c-3p in Ishikawa cells
and evaluated ZFX and YKL-40 expression by qRT-PCR
and western blotting. Compared with the control group,
ZFX and YKL-40 levels were elevated when HOXA-AS2
was overexpressed and decreased when HOXA-AS2 was
downregulated (Fig. 4d). Their expression was decreased
when miR-302c-3p was upregulated and increased when
miR-302c-3p was downregulated (Fig. 4e). These results
confirmed that HOXA-AS2 and miR-302c-3p regulate
ZFX and YKL-40 in type I endometrial cancer.

ZFX promotes the development of type | endometrial
cancer cells in vitro

It has been demonstrated that ZFX expression is higher
in endometrial cancer than in normal endometrium. To
elucidate the role of ZFX in endometrial cancer devel-
opment further, CCK-8 assay was used to measure cell
proliferation after overexpression or knockdown of ZFX
in Ishikawa cells. The results indicated that cell prolif-
eration is enhanced when ZFX is upregulated and that
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it is reduced when ZFX is downregulated (Fig. 5a). Flow
cytometry revealed that when ZFX was upregulated, the
fraction of cells in the S phase was higher than that in
control group (Fig. 5b), and the fractions of cells in the
early- and late-apoptotic phases were lower than those
in the control group (Fig. 5c), opposite results were seen
when ZFX was knocked down. Transwell assays revealed
that when ZFX was upregulated, the invasive ability of
endometrial cancer cells increased, whereas the inva-
sive ability decreased following ZFX downregulation
(Fig. 5d). These results indicated that ZFX promotes type
I endometrial cancer development.

YKL-40 promotes type | endometrial cell progression

and is regulated by ZFX in vitro

To validate the role of YKL-40 in endometrial cancer, YKL-
40 was overexpressed and knocked down in Ishikawa cells,
then,which were subjected to cell proliferation, invasion,
cell cycle, and apoptosis assays. CCK-8 assay showed that
Ishikawa cell proliferation was enhanced upon YKL-40

upregulation and reduced upon YKL-40 downregulation
(Fig. 6a). When YKL-40 was upregulated, the fraction
of cells in the S phase was higher than that in the control
group (Fig. 6b), and the fractions of cells in the early- and
late-apoptotic phases were lower than those in the control
group (Fig. 6¢c). When YKL-40 was downregulated, the
fraction of cells in the S phase was lower than that in the
control group, and the fractions of cells in the early- and
late-apoptotic phases were increased compared to those
in the control group (Fig. 6b, ). Transwell assays revealed
that when YKL was upregulated, the invasion ability of
endometrial cancer cells increased, whereas it decreased
following YKL downregulation (Fig. 6d). These results
indicated that YKL promotes type I endometrial cancer
development.

Next, we verified whether ZFX and YKL-40 were
related. qRT-PCR and western blotting were used to
detect YKL-40 expression in endometrial cancer cells
with dysregulated ZFX expression. YKL-40 mRNA
and protein expression were increased upon ZFX
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upregulation compared to that in the NC group, opposite
results were seen upon downregulation of ZFX (Fig. 6e,
f). These findings indicated that YKL-40 is positively reg-
ulated by ZFX in type I endometrial cancer.

Discussion

LncRNAs, as ceRNAs, can specifically bind
microRNAs,thus act as an endogenous “microRNA
sponge” regulating the expression of mRNAs targeted by
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these microRNAs. Such a mechanism has been involved
in tumor development [14]. This study demonstrated that
HOXA-AS?2 is highly expressed in endometrial cancer tis-
sues and promotes the proliferation and invasion of type
I endometrial cancer cells by inhibiting apoptosis. Thus,
HOXA-AS?2 plays an oncogenic role. On the contrary, miR-
302c-3p is expressed at a low level in endometrial cancer
tissues and inhibits type I endometrial cancer develop-
ment. Further, our study revealed that miR-302¢-3p con-
tains a HOXA-AS2 binding site and is negatively regulated
by HOXA-AS2. Thus, HOXA-AS2 may affect malignant
behavior of endometrial cancer by regulating miR-302c-3p
expression. Further investigation into this regulatory
mechanism indicated that ZFX is highly expressed in
endometrial cancer tissues and promotes the proliferation
and invasion of type I endometrial cancer cells. Following
upregulation of HOXA-AS2 and downregulation of miR-
302c-3p, ZFX expression increased. As miR-302c-3p target,
ZFX is involved in the effect of HOXA-AS2 on endometrial
cancer progression. Our study also revealed that YKL-40 is
positively regulated by ZFX and promotes type I endome-
trial cancer development.

Several studies have shown that IncRNAs play roles in
malignant tumor proliferation, invasion, and metasta-
sis and tumor resistance [15]. Some IncRNAs have been
found to play a role in endometrial cancer. LncRNA
FER1L4 inhibited the proliferation and invasion of endo-
metrial cancer cells by regulating PTEN [16]. LncRNAs
are currently considered an important link in the mecha-
nism of malignant tumor development and may become
important in the targeted therapy of malignant tumors
[17, 18].

The 1048-bp IncRNA HOXA-AS2 was found to inhibit
apoptosis in promyelocytic leukemia cells treated with reti-
noic acid. It is located between HOXA3 and HOXA4 in
the HOXA gene cluster. HOXA-AS2 transcripts have been
detected in NB4 promyelocytic leukemia cells and human
peripheral blood leukocytes, and HOXA-AS2 expression is
upregulated in retinoic acid-treated promyelocytic leuke-
mia cells. Silencing of HOXA-AS2 decreased the viability
and increased the apoptosis of granulocytes [8]. The role of
HOXA-AS?2 in malignant tumor development has attracted
increasing research interest in recent years. HOXA-AS2
has been found to play a role in the development of gastric
cancer, liver cancer, breast cancer, bladder cancer, intesti-
nal cancer, and pancreatic cancer [9, 19-23] and has been
reported to be related to tumor size and pathological stage
and patient prognosis in gastric cancer. In gastric cancer,
the expression of P21, PLK3, and DDZT3 is inhibited by
binding of HOXA-AS2 to EZH2, which promotes tumor
proliferation and inhibits tumor cell apoptosis [9]. Our
study demonstrated that HOXA-AS2 expression is higher
in endometrial cancer tissue than in normal endometrial
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tissue. Upregulation of HOXA-AS2 may promote cell pro-
liferation and invasion, increase the fraction of S-phase
cells, and inhibit apoptosis in type I endometrial cancer.

MiRNAs, which are mainly involved in the post-tran-
scriptional regulation of target genes, are also involved in
malignant tumor development. MiRNAs are involved in
the regulation of numerous biological processes, includ-
ing tumor development, and play important roles in
cancer treatment and prognosis [24] Their roles differ
in different tumors. Some miRNAs act as tumor sup-
pressors, whereas others are oncogenes. For example,
miR-7 inhibits the proliferation of pancreatic cancer and
adrenal cortical cancer cells, acting as a tumor suppres-
sor [25, 26]. Negrini et al. reported that miRNA-17-5p
is overexpressed in gastric cancer and promotes cancer
cell growth by inhibiting the activity of the oncogene-
RB gene [27]. Various studies have investigated the
roles of miRNAs in endometrial cancer development.
Ramoén et al. found that miR-210 and miR-200b are
highly expressed in endometrial cancer and play a role
in regulating VEGEF-A [28]. Overexpression of miR-130b
can promote invasion of endometrial cancer cells [29].
Increased expression of miR-200c in endometrial can-
cer tissues reduces the expression of BRD7, which is a
potential tumor suppressor [30]. Additionally, miR-21 is
overexpressed in endometrial cancer and downregulates
PTEN expression, thereby promoting cell proliferation
in endometrial cancer [31]. The miR-27-FOXO1 tandem
induces apoptosis [32], and miR-200b inhibits TIMP2
expression and affects metastasis of endometrial adeno-
carcinoma [33].

The miR-302 family is a highly conserved vertebrate-
specific gene cluster that was originally identified to be
expressed specifically in human embryonic stem cells
and human embryonic tumor cells. It play roles in stem
cell pluripotency maintenance and tumor formation.
In endometrial cancer cells, miRNA302 inhibits cell
proliferation and migration, induces apoptosis, attenu-
ates invasiveness by inhibiting cyclin D1 and CDKI,
and arrests the cell cycle in the G2/M phase. Exogenous
miRNA302 acts as a tumor suppressor in human endo-
metrial cancer, providing new clues for gene therapy in
endometrial cancer [11]. The miRNA302 family mem-
ber miR-302c is highly expressed on canine and mouse
embryonic stem cells and has various functions. Accord-
ing to recent studies, miR-302c is involved in various
malignancies. It inhibits liver cancer cell proliferation
and migration by targeting TRAF4 [34]. It inhibits glioma
development by inhibiting cell proliferation and migra-
tion [35], and it can be used as a predictor of glioma prog-
nosis [36]. MiR-302¢/IL8 activates the RACKI1-mediated
receptor pathway to promote metastasis of gastric cancer
[37], and low MiR-302¢/IL8 expression is associated with
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invasion depth, tumor stage, and lymph node metastasis
in gastric cancer [38]. Moreover, miR-302a/b/c/d inhib-
its P-glycoprotein by targeting MAP/ERK kinase 1 and
thus affects doxorubicin-sensitive breast cancer metas-
tasis [39]. Epigenetic regulation of miR302c affected the
antiproliferative activity of human chondrosarcoma pro-
line-rich polypeptides [40]. MiRNA302c can act directly
on estrogen receptors in human breast cancer cells [12,
13]. In this study, miRNA-302c-3p expression was lower
in endometrial cancer tissues than in normal endome-
trial tissues. In-vitro experiments demonstrated that
high miRNA-302c-3p expression promoted apoptosis
and inhibited proliferation and invasion of type I endo-
metrial cancer cells. As such, miRNA-302c-3p may act
as a tumor suppressor in type I endometrial tumors. We
found that miR-302¢-3p expression was negatively regu-
lated by HOXA-AS2, indicating that HOXA-AS2 affects
the biological behavior of type I endometrial cancer by
interfering with miR-302c-3p expression.

ZFX, located on the X chromosome, harbors an acidic
transcriptional activation domain, nuclear localization
sequence, and DNA binding domains [41]. Gene tran-
scription and translation are regulated by specific bind-
ing of regulatory molecules to target molecules, such as
DNA, RNA, and DNA-RNA [42, 43]. ZFX plays a key role
in controlling embryonic and hematopoietic stem cell self-
renewal [44]. Considering the relationship between stem
cell and tumor characteristics, the role of ZFX in tumors
has received increasing research attention. Recent stud-
ies have shown that ZFX is involved in the development
of many tumors [45, 46]. ZFX promotes laryngeal squa-
mous cell carcinoma, hepatocellular carcinoma, gastric
cancer, bladder cancer, and pancreatic cancer and is asso-
ciated with poor patient prognosis [47-51]. ZFX can be
used as a prognostic biomarker for malignant tumors [47,
50, 52]. ZFX acts as a transcriptional activator in various
human malignancies mainly by binding downstream of the
transcription initiation site in the CpG island promoter
of target genes [53]. Recent studies have shown that miR-
NAs affect the biological behavior of tumors by regulat-
ing ZFX. For example, microRNA-144 affects liver cancer
development by targeting ZFX [54] and microRNA-101
inhibits gallbladder carcinoma proliferation and invasion
via ZFX. Our study revealed that ZFX is highly expressed
in endometrial cancer and promotes endometrial can-
cer cell proliferation and invasion. Further, we found that
miR-302c-3p exerts its effect on the biological behavior of
endometrial cancer by regulating ZFX.

YKL-40, also known as human cartilage glycopro-
tein 39, belongs to the mammalian 18 glycosyl hydro-
lase family. It is mainly involved in extracellular matrix
remodeling and angiogenesis, and promotes cell
proliferation, migration, differentiation, and tissue

Page 11 of 13

remodeling processes in the inflammatory response [55].
It is also involved in the regulation of malignancy in vari-
ous tumors. YKL-40 interacts with a variety of extracellu-
lar matrix components and with invasive and metastatic
processes of tumor cells in lung cancer, cholangiocar-
cinoma, endometrial cancer, and other malignancies
[56-58]. YKL-40 is an independent risk factor for the
occurrence and development of various tumors [59] and
has been used as a marker of tumor growth and inhi-
bition of tumor-cell apoptosis [60]. YKL-40 has been
shown to be a prognostic indicator in ovarian cancer
[61-63]. Furthermore, YKL-40 seems to be involved in
glandular epithelial tumors [64, 65]. In this study, YKL-40
was shown to be highly expressed in endometrial cancer
tissues, promote type I endometrial cancer cell prolifera-
tion and migration, and interfere with endometrial can-
cer cell cycle and apoptosis. In type I endometrial cancer
cells, YKL expression was regulated by ZFX, HOXA-AS2,
and miR-302c-3p at both the protein and mRNA levels.
YKL protein and mRNA levels were positively correlated
with ZFX and HOXA-AS2 expression and negatively cor-
related with miR-302c-3p expression, indicating that it
lies downstream of ZFX. Therefore, YKL likely partici-
pates in the development of type I endometrial cancer
through the regulation of HOXA-AS2 and miR-302c-3p
expression.

Conclusions

The current study indicated that HOXA-AS2regulates
the biological behavior of the type I endometrium by
negatively regulating miR-302¢c-3p expression. MiR-
302c-3p acts as a tumor suppressor in endometrial can-
cer and inhibits type I endometrial cancer development
by regulating the transcription factor ZFX and its down-
stream protein YKL-40. This study revealed potential
developmental mechanisms of type I endometrial cancer,
which may provide new targets for the treatment of this
disease.
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