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Long non-coding RNA BLACAT2/miR-378a-3p/YY1
feedback loop promotes the proliferation, migration and
invasion of uterine corpus endometrial carcinoma
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Abstract. Uterine corpus endometrial carcinoma (UCEC)
is a common gynecological malignancy with high rates of
mortality and morbidity. The expression of long non-coding
RNA bladder cancer-associated transcript 2 (BLACAT?2) has
been previously found to be aberrantly upregulated in UCEC.
However, the regulatory consequences of this in UCEC
progression remain poorly understood. In the present study,
human UCEC cell lines AN3CA and HEC-1-A were infected
with lentiviruses to overexpress BLACAT?2 (Lv-BLACAT?)
or knock down BLACAT?2 using short hairpin RNA
(Lv-shBLACAT?2). BLACAT?2 overexpression was found to
promote the G,/S transition of cell cycle progression and UCEC
cell proliferation. In addition, BLACAT?2 overexpression was
observed to facilitate UCEC cell migration and invasion.
By contrast, BLACAT?2 knockdown resulted in inhibitory
effects in UCEC cell physiology. BLACAT?2 overexpression
also contributed to the activation of the MEK/ERK pathway.
Subsequently, BLACAT2 was demonstrated to bind to
microRNA (miR)-378a-3p according to dual-luciferase assays,
where it appeared to function as a sponge of miR-378a-3p in
293T cells. miR-378a-3p overexpression was found to suppress
UCEC cell proliferation, invasion, and ERK activation.
Lentivirus-mediated knockdown of its target, the transcription
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factor Yin Yang-1 (Y'Y1), was observed to reverse the oncogenic
effects of BLACAT?2 overexpression. Furthermore, YY1 was
found to bind to the promoter of BLACAT?2, suggesting that
YY1 can regulate BLACAT?2 expression. To conclude, results
from the present study suggest that BLACAT2, miR-378a-3p
and YY1 can form a feedback loop instead of an unidirectional
axis, which can in turn regulate UCEC tumorigenesis through
the MEK/ERK pathway. The present study furthered the
understanding of UCEC tumorigenesis and may provide novel
therapeutic targets for UCEC treatment.

Introduction

Uterine corpus endometrial carcinoma (UCEC) is a
malignancy that originates from the endometrium and is
frequently symptomatic at advanced stage (1,2). It is one of
the most common gynecological malignancies worldwide
with increasing incidence (1,2). Patients with advanced
disease present with abnormal bleeding in the vagina or pelvic
organs (3). For women with localized disease on diagnosis, the
5-year survival rate is >90%, but the 5-year overall survival
rate decreases to <20% in patients with distal metastases (4).
Therefore, identifying novel therapeutic targets for UCEC is
particularly important for treating patients with UCEC.

Long non-coding RNAs (IncRNAs) belong to a class of
non-coding RNAs that are typically >200 nucleotides in length
and have little or no protein-coding potential (5). LncRNAs
reverse the inhibitory effects of microRNAs (miRNAs or
miRs) on mRNAs by functioning as miRNA sponges (6). To
date, numerous IncRNAs have been reported to be aberrantly
expressed in various cancers, where IncRNAs serve pivotal
regulatory roles in tumorigenesis and metastasis (7,8). Bladder
cancer-associated transcript 2 (BLACAT?2) was first identified
to be an oncogene in bladder cancer, which increases tumor
lymphangiogenesis and lymphatic metastasis (9,10). It has
been previously reported that the expression of BLACAT?2
is upregulated in several malignancies, including hepato-
cellular carcinoma, cervical cancer, and nasopharyngeal
carcinoma (11-19), which suggests that BLACAT? is closely
associated with cancer progression. In fact, BLACAT? has
been demonstrated to aggravate hepatocellular carcinoma
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via sponging miR-3619-5p, and plays a functional role in
modulating radiotherapy resistance in cervical cancer (11,12).
Previous RNA-sequencing analysis indicated that BLACAT?2
expression is highly upregulated in the endometrium of patients
with UCEC compared to adjacent normal controls (20). In
addition, another previous study revealed that BLACAT?2 is
a possible oncogenic IncRNA in endometrial cancer (21).
However, the regulatory mechanism underlying the role of
BLACAT? remains unclear.

Transcription factor Yin Yang-1 (YY) is a zinc finger
protein belonging to the GLI-Kruppel family (22). As a
DNA-binding protein, it serves dual functions and has been
documented to regulate cell differentiation, proliferation,
apoptosis and cell division (23). YY1 can either function as an
activator or repressor of gene transcription, depending on the
context of Y'Y1-binding proteins in proximity (24). Specifically,
YY1 can bind to the promoter region of LINC00673, thereby
increasing its transcription in cis (25). Numerous studies have
demonstrated the upregulation of YY1 in ovarian, prostate,
esophageal, and melanoma cancer (26-29). In addition, YY1
expression has also been demonstrated to be upregulated in
human endometrioid endometrial adenocarcinoma cell lines
and tumor tissues. YY1 knockdown can inhibit cell prolif-
eration and migration in endometrioid endometrial carcinoma
(EEC), whereas YY1 overexpression was found to promote
EEC cell proliferation (30).

MicroRNAs (miRNAs or miRs) form another family of
highly conserved non-coding RNAs, which are 20-25 nucleo-
tides in length (31,32). They typically mediate translational
repression or mRNA transcript degradation by targeting the
3'-untranslated region (UTR) of downstream mRNAs (31,32).
An increasing number of miRNAs have been observed to
regulate the progression of UCEC (33,34). In particular,
miR-378a-3p has been recognized as a potential miRNA that
can bind to BLACAT?2 according to bioinformatic analysis.
However, its function in UCEC remains unreported. Recently,
BLACAT?2 was revealed to bind to miR-378a-3p in bladder
cancer cells, where it regulated cell viability, migration and
invasion (35).

Based on previous studies and findings, it was hypothesized
that BLACAT?2 may serve an important biological function in
UCEC by regulating miR-378a-3p and/or YY1. Therefore, the
present study explored the possible functions of BLACAT?,
YY1 and miR-378a-3p, in addition to their associations with
UCEC progression.

Materials and methods

Clinical specimens. A total of 40 paired cancer-adjacent and
UCEC tissue samples were obtained from January 2018 to
December 2019 and frozen for further analysis. All volunteers
(mean age, 57.78) provided written informed consent and
the present study was approved (approval no. 2021PS723K)
by the Ethics Committee of Shengjing Hospital of China
Medical University (Shengjing, China) and in accordance
with the Declaration of Helsinki. The inclusion and exclusion
criteria were as follows: The patients with UCEC included
in this study were diagnosed by histopathological detection.
The tumor tissues and their adjacent normal tissues were
collected by surgical resection. None of these patients received

radiotherapy or chemotherapy before the surgery. The patients
that had undergone non-curative resection, cancer recurrence,
severe injury of vital organs or had a history of autoimmune
diseases were excluded. The clinicopathological character-
isitics of the patients with UCEC included in the present study
are provided in Table I.

Cell lines and culture conditions. Human endometrial
cancer cell lines Ishikawa (cat. no. iCell-h113), RL95-2 (cat.
no. iCell-h182), HEC-1-B (cat. no. iCell-h084), AN3CA
(cat. no. icell-h018), and HEC-1-A (cat. no. iCell-h083) were
purchased from iCell Bioscience, Inc. Ishikawa, AN3CA, and
HEC-1-B cells were grown in MEM medium (Beijing Solarbio
Science & Technology Co., Ltd.). HEC-1-A cells were cultured
in McCoy's SA medium (Procell Life Science & Technology
Co., Ltd.). RL95-2 cells were cultured in DMEM/F12 medium
(Procell Life Science & Technology Co., Ltd.). All the culture
media were supplemented with 10% FBS (Sangon Biotech Co.,
Ltd.) and cells were cultured in a CO, incubator at 37°C.

Database analysis. Gene Expression Profiling Interactive
Analysis (GEPIA; http://gepia.cancer-pku.cn/) was used to
analyze the different expression of genes in various human
cancers. There was a binding relationship between BLACAT2
and hsa-miR-378a-3p, as predicted by starBase (https:/starbase.
sysu.edu.cn/agoClipRNA php?source=IncRNA). Furthermore,
49 target genes common to miRDB (http:/www.mirdb.org/),
TargetScan (https://www.targetscan.org/vert_72/) and star-
Base were identified. Jasper database (https:/jaspar.genereg.
net/) was utilized to show the association between YY1 and
BLACAT? promotor region.

Lentivirus packaging. The helper plasmids pSPAX2
and pMD2.G were obtained from Hunan Fenghui
Biotechnology Co., Ltd. For lentivirus packaging, 293T cells
(cat. no. ZQO0033; https://www.zqxzbio.com/Index/p_more/
pid/486.html; Shanghai Zhong Qiao Xin Zhou Biotechnology
Co., Ltd.) were cultured to a confluence of ~70% and then
transfected with pSPAX2 (3 ug), pMD2.G (2.2 ug), and the
plasmids with overexpressed BLACAT2/Negative control
(5 pg) or shRNA against BLACAT2/YY1/Negative control
(5 ug) using Lipofectamine® 3000 (Thermo Fisher Scientific,
Inc.) at 37°C according to the manufacturer's protocols. At 6 h
post transfection, the culture medium of the cells was changed
into fresh DMEM medium (Wuhan Servicebio Technology
Co. Ltd.) with 10% FBS (37°C and 5% CO,). At 48 h post
trasfection, the cell supernatant was harvested as packaged
lentivirus and filtered through a 0.45-um pore size filter.

Cell treatments. To establish the stable UCEC cell line with
overexpressed BLACAT?2 or knocked down BLACAT?2, the
AN3CA and HEC-1-A cells were selected and infected with
the corresponsing lentiviruses at a multiplicity of infection
(MOI) of 10. The puromycin (0.9 ug/ml) was used for stable
cell line selection, while 0.3 pg/ml of puromycin was for main-
tenance.

To clarify the function of miR-378a-3p in UCEC, HEC-1-A
cells were transfected with miR-378a-3p mimics (100 pmol) or
negative control (NC; 100 pmol) mimics using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.).
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Table I. Clinicopathological characteristics of patients with uterine corpus endometrial carcinoma.

Tumor Lymph node Distant Histo- Maximum

Patient stage metastasis metastasis pathological tumor Tumor
No. Age (T) (N) ™M) TNM grade diameter (cm) number

1 65 Tla Nla MO IIICl1 G3 9 Multifocal
2 66 T1b NO MO 1B Gl 55 Unifocal
3 63 Tla NO MO IA G1-G2 3 Unifocal
4 60 T3b NO MO I11IB G3 4.5 Multifocal
5 45 Tla NO MO IA Gl 1.1 Unifocal

6 77 Tla NO MO 1A Gl 6 Unifocal
7 53 Tla NO MO IA G1-G2 4.5 Unifocal
8 57 Tla NO MO IA Gl 3.5 Unifocal
9 58 Tla NO MO IA G1-G2 3.1 Multifocal
10 48 T2 NO MO II G1-G2 4 Multifocal
11 58 Tla NO MO IA G2 35 Unifocal
12 69 Tla NO MO IA G3 6 Unifocal
13 55 Tlb NO MO 1B G2-G3 2.0 Unifocal
14 68 T1b NO MO 1B G1-G2 2.5 Unifocal
15 60 Tla NO MO IA G3 35 Unifocal
16 40 Tla NO MO IA Gl 35 Unifocal
17 52 T2 NO MO 11 Gl 2.5 Unifocal
18 49 Tla NO MO IA G2 55 Unifocal
19 73 Tlb NO MO 1B G1-G2 35 Unifocal
20 46 T3b Nla MO IICl1 Gl 7 Multifocal
21 67 Tla NO MO IA G2 6 Unifocal
22 65 Tla NO MO IA G1-G2 4 Unifocal
23 54 Tla NO MO IA G3 49 Multifocal
24 66 T1b NO MO 1B G2-G3 4.5 Multifocal
25 54 Tla NO MO 1A G2-G3 5 Unifocal
26 49 T2 N2a MO Ic2 G1-G2 3.5 Multifocal
27 53 T1b NO MO IB G2-G3 4.7 Unifocal
28 54 T2 NO MO II Gl 5 Unifocal
29 70 T2 NO MO II G2 7.5 Multifocal
30 65 Tla NO MO IA G2 4 Unifocal
31 54 Tla NO MO IA G2 1.6 Unifocal
32 67 T1b NO MO 1B G1-G2 59 Unifocal
33 42 Tla NO MO IA G2 54 Unifocal
34 58 T2 NO MO II G1-G2 9 Unifocal
35 60 Tla N2a MO I1C2 G2-G3 4.8 Multifocal
36 53 Tlb NO MO 1B G2 6.9 Unifocal
37 58 Tla NO MO IA Gl 4.8 Unifocal
38 44 Tla NO MO IA Gl 3.5 Unifocal
39 63 Tla NO MO IA Gl 1.3 Multifocal
40 53 T1b NO MO IB G2 6 Unifocal

To investigate the role of YY1 in the regulation of
BLACAT?2 underlying UCEC development, AN3CA cells with
stably overexpressed BLACAT?2 were infected with lentivirus
encoding shRNA against YY1 (Lv-shY'Y1) at a MOI of 10.

The shRNAs against BLACAT2, YY1 and NC were
synthesized by General Biological System and inserted into
the lentiviral vector. The sequence information used in the

present study was as follows: shBLACAT?2#1, 5'-GGTTAA
GACATTTCTACAAAT-3"; shBLACAT2#2, 5-GAGTGG
AGAGACTCAGCTACC-3';shY Y1, 5-CGACGACTACATTG
AACAAAC-3"; shNC, 5“TTCTCCGAACGTGTCACGT-3";
miR-378a-3p mimics sense, 5S'-ACUGGACUUGGAGUCAGA
AGGC-3"; NC mimics sense, 5-UCACAACCUCCUAGA
AAGAGUAGA-3.
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All cells after transfection were cultured at 37°C and 5%
CO,. Overexpression/knockdown efficiency was assessed
using reverse transcription-quantitative PCR (RT-qPCR).

RT-gPCR. UCEC cells (6x10%/well; 6-well plate) or tumor
tissues were lysed in TRIpure (BioTeke Corporation) to isolate
the total RNAs. The miRNAs were reverse transcripted into
cDNA using the miRNA First Strand cDNA Synthesis Kit
according to the manufacturer's instructions (Sangon Biotech
Co., Ltd.). LncRNA and mRNA were synthesized into cDNA
via reverse transcription PCR. The thermocycling conditions
for reverse transcription PCR were as follows: Step 1, a total of
12.5 ul reaction was prepared by adding 1 ug RNA, 1 pul oligo
(dT);s, 1 ul random primers, and ddH,O. The reaction was incu-
bated at 70°C for 5 min and then placed on ice for 2 min; step
2,2 ul ANTP, 4 ul 5X buffer, 0.5 ul Rnase inhibitor, and 1 ul
Super M-MLYV reverse transcriptase (BioTeke Corporation)
were added into the reaction. The total reaction samples were
then incubated at 25°C for 10 min, 40°C for 50 min, and 80°C
for 10 min.

The cDNAs were amplified and detected using 2X Power
Taq PCR MasterMix (BioTeke Corporation) and SYBR Green
fluorescence (SYBR Green qPCR kit; Sigma-Aldrich; Merck
KGaA) on an Exicycler™ 96 Real-Time System (Bioneer
Corporation). The thermocycling conditions for gPCR were as
the following: Step 1, 94°C for 5 min; step 2, 94°C for 15 sec;
step 3, 60°C for 25 sec; step 4, 72°C for 30 sec; scan and step 2,
40 cycles; step 5, 72°C for 5 min 30 sec; step 6,40°C for 2 min
30 sec; step 7, melting 60-94°C every 1.0°C for 1 sec; and step
8, 25°C for 1-2 min. The mRNA levels of the target genes
were quantified using the 2-24°4 method (36). 3-actin was the
reference for the quantification of BLACAT?2 and YY1. The
reference gene U6 was used for miR-378a-3p quantification.
Primers for the genes assessed were as follows: BLACAT?2
forward, 5'-GAGGAGGAGAAGCAATCA-3' and reverse,
5'-GGAGCCCATCCATTAGAG-3"; YY1 forward, 5'-ACC
CACGGTCCCAGAGT-3' and reverse, 5"AAAGCGTTTCCC
ACAGC-3"; miR-378a-3p forward, 5-ACTGGACTTGGAGTC
AGAAGGC-3'. All primers were synthesized by Genscript.

Western blot analysis. Proteins samples in cells or tumor
tissues were extracted using cell lysis buffer (cat. no. PO013;
Beyotime Institute of Biotechnology) supplemented with 1 mM
phenylmethanesulfonyl fluoride (PMSF; Beyotime Institute of
Biotechnology). Protein concentration was quantified using a
BCA kit (Beyotime Institute of Biotechnology). Subsequently,
20-40 ug proteins in each lane were separated on the
SDS-PAGE gel (11% or 8%). The 11 or 8% gel was respectively
selected for protein separation according the molecular weight
of the target proteins. The proteins were then transferred
onto PVDF membranes and blocked with a 5% skimmed
milk solution at room temperature for 1 h. The membranes
were incubated with the primary antibodies against MMP2
(1:500; cat. no. 10373-2-AP; ProteinTech Group, Inc.), MMP9
(1:1,000; cat. no. 10375-2-AP; ProteinTech Group, Inc.), cyclin
D1 (1:500; cat. no. A19038; ABclonal Biotech Co., Ltd.), cyclin
E (1:1,000; cat. no. A14225; ABclonal Biotech Co., Ltd.), phos-
phorylated (p)-MEK1/2 (1:500; cat. no. AP0209; ABclonal
Biotech Co., Ltd.), MEK1/2 (1:500; cat. no. AF6385; Affinity
Biosciences, Ltd.), p-ERK1/2 (1:500; cat. no. AF1015; Affinity

Biosciences, Ltd.) or ERK1/2 (1:500; cat. no. AF0155; Affinity
Biosciences, Ltd.) overnight at 4°C. This was followed by a
40-min incubation with the HRP-conjugated anti-rabbit and
anti-mouse secondary antibodies (1:10,000; cat. no. A0208 and
A0216, respectively; Beyotime Institute of Biotechnology) at
37°C. Enhanced chemiluminescence (ECL)-detecting reagent
(Beyotime Institute of Biotechnology) was then added onto
the membrane, before the protein bands were visualized in
WD-9413B gel-imaging system (Beijing LIUYI Biotechnology
Co., Ltd.) and analyzed using Gel-Pro-Analyzer 4.0 software
(Media Cybernetics, USA).

Dual-luciferase reporter assay. 293T cells (2x10°/well; 12-well
plate) were used for dual-luciferase reporter assay. To assess
the potential association between miR-378a-3p and BLACAT?2
or YY1, the wild-type BLACAT?2 or 3'UTR of YY1 mRNA
containing a putative binding site for miR-378a-3p and their
corresponding mutant sequences were amplified and cloned
into the pmirGLO plasmid (General Biological System).
Vectors containing the wild-type or mutant sequence were
co-transfected with miR-378a-3p mimics or NC mimics into
293T cells using Lipofectamine® 3000 at 37°C using the estab-
lished protocol. At 6 h post transfection, the culture medium
was replaced by fresh DMEM (Wuhan Servicebio Technology
Co., Ltd.) containing 10% FBS (Hangzhou Sijiqing Biological
Engineering Materials Co., Ltd.). In total, 48 h after transfec-
tion, the activity of firefly luciferase in cells was detected using
a Dual-Luciferase Reporter Gene Assay Kit (Nanjing KeyGen
Biotech Co., Ltd.), which was normalized to that of Renilla
luciferase.

Similarly, to assess the binding of YY1 to BLACAT?2
promoter, three regions (-500+5, -1,000+5 and -1,500+5) in
the BLACAT?2 promoter or the YY1 coding sequence were
inserted into the pmirGLO vector. Vectors encoding each of
the BLACAT?2 promoters were co-transfected with the vector
encoding YY1 into 293T cells at 37°C using the established
protocol. The luciferase activity was detected at 48 h post
transfection.

Cell counting kit-8 (CCK-8) assay. Cells (3x10°/well)were
seeded into a 96-well plate and cultured under standard condi-
tions. Cell viability was measured at 0, 24, 48 and 72 h using
the CCK-8 (Sigma-Aldrich; Merck KGaA) solution. In total,
800 ul CCK-8 was added into each well, before the cells were
cultured for 1 h. The optical density of each well was then
detected at 450 nm using a microplate reader (800Ts; BioTek
Instruments, Inc.).

Flow cytometric analysis. Cell cycle distribution was
revealed using a Cell Cycle and Apoptosis Detection kit (cat.
no. C1052; Beyotime Institute of Biotechnology). After the
fixing with cold 70% ethanol for 12 h at 4°C, the cells were
harvested by centrifugation at 4°C for 3 min with a speed of
420 x g, and 500 gl dye buffer was added. Next, the cells were
incubated with 25 pl of propidium iodide staining solution
and 10 ul RNase A for 30 min at 37°C. The percentage of
the cells in G, S, and G2 phases were analyzed using a flow
cytometer (NovoCyte; ACEA Bioscience, Inc.) and quanti-
fied using the software NovoExpress (version 1.5.0; Agilent
Technologies, Inc.).
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Wound healing assay. Cells were seeded into a six-well
plate at a density of 5x10%/well and grown to a confluence of
>05% at the start of the assay. The cells were then cultured
in serum-free medium containing 1 pg/ml mitomycin C
(Sigma-Aldrich; Merck KGaA) for 1 h. Subsequently, a 200-u1
pipette tip was used to make a straight vertical scratch down
through the cell monolayers. Cell debris were then removed
and an image was recorded using an inverted phase-contrast
microscope (IX53; Olympus Corporation). The cells were
thereafter cultured in fresh serum-free medium at 37°C and
5% CO, for 24 h. The images of wounds at 0 and 24 h were
recorded, before the migration rate was calculated as: (Wound
distance at 0 h-wound distance at 24 h)/wound distance at O h
x100%.

Transwell assay. Cell invasion in AN3CA and HEC-1-A cells
was assessed using Transwell assays with a 24-well Transwell
chamber (Corning, Inc.). The chamber was pre-coated with
Matrigel at 37°C for 2 h (Corning, Inc.), which wasdiluted
with serum-free mediumat a ratio of 1:3. The cells were then
seeded into the pre-coated upper chamber in their serum-free
culture medium at a density of 1.5x10* cells/well. In total,
800 pl culture medium (MEM for AN3CA cells and McCoy's
5A for HEC-1-A) containing 10% FBS (Biological Iundustries)
was added into the lower chamber. After 24 h of incubation
at 37°C, the cells were fixed with 4% paraformaldehyde for
20 min at room temperature and then stained with 0.1% crystal
violet solution at room temperature for a further 5 min. A total
of five fields of view were randomly selected for each chamber
and the number of cells were counted under an inverted
phase-contrast microscope (IX53; Olympus Corporation).

Gelatin zymography assay. MMP-2 and MMP-9 activity in
AN3CA and HEC-1-A cells were determined using gelatin
zymography as previously described (37). Total protein
concentration in the culture supernatants was quantified with
a BCA kit (Beyotime Insitute of Biotechnology). A total of
10 mg/ml gelatin (Sigma-Aldrich; Merck KGaA) was added
to a 10% acrylamide separating gel. The proteins in the super-
natants were separated using SDS-PAGE. The SDS-PAGE
gel was washed twice for 40 min in an elution solution
(2.5% Triton X-100, 50 mmol/l Tris-HCI, 5 mmol/l CaCl,
and 1 ymol/l ZnCl,; pH 7.6). The gel was then incubated in
the developing buffer (50 mmol/l Tris-HCI, 5 mmol/l CaCl,,
1 umol/l ZnCl,, 0.02% Brij and 0.2 mol/l NaCl) at 37°C for
40 h. Following incubation, the gel was stained with a staining
solution (0.5% Coomassie blue R250, 30% methanol and 10%
glacial acetic acid; Beijing Solarbio Science & Technology
Co., Ltd.) at room temperature for 3 h. Digestion bands were
visualized using a Gel imaging system (WD-9413B; Beijing
LIUYT Biotechnology Co., Ltd.) and analyzed with a micro-
plate reader (ELX-800; BioTeke Corporation).

Chromatin immunoprecipitation (ChIP). The ChIP assay
was conducted using a ChIP assay kit (cat. no. WLA106a;
Wanleibio, Co., Ltd.) according to the manufacturer's protocol.
Briefly, HEC-1-A cells were formaldehyde-crosslinked and
then lysed using lysis buffer from Wanleibio, Co., Ltd. (cat.
no. WLA106a). The chromatin of HEC-1-A cells was frag-
mented by sonication and collected, followed by the incubation

with PBS-washed ProteinA+G beads (60 xl) on a rotator at
4°C for 1-2 h. Following centrifugation with a speed of 625 x g
at room temperature for 1 min, the cell supernatants were
collected and 20 ul was used as the Input. The chromatin frag-
ments (100 ul/group) were then incubated with the anti-YY1
antibody (2 pg, cat. no. 66281-1-Ig; ProteinTech Group, Inc.) on
arotator at 4°C overnight. The PBS-washed Protein A+G beads
(60 ul) were next added and maintained on a rotator at 4°C for
1-2 h.IgG (1 ug; ChIP assay kit; Wanleibio, Co., Ltd.) was used
as a negative control antibody. The protein-DNA complexes
were then washed using the wash buffer from Wanleibio, Co.,
Ltd. (cat. no. WLA106a) on a rotator at 4°C for 10 min/time.
The supernatant was removed using centrifugation at a speed
of 625 x g at room temperature for 1 min. A total of 100 ul
of elution buffer was added and incubated overnight at 65°C
to reverse cross-links. The DNA specimens released from the
protein-DNA complexes were purified and analyzed using
ChIP followed by PCR (ChIP-PCR; BioTeke Corporation) to
amplify the promoter region of BLACAT?2. The primer pair for
the BLACAT?2 promoter was as follows: Forward, 5'-"AGTCTC
ATTCTGTCGCCT-3' and reverse, 5“-TGTAATCCCAGCACT
GTG-3". PCR products were detected using electrophoresis on
2% agarose gel (Biowest).

In vivo tumorigenesis model. For the present study, 4-week-old
female BALB/c nude mice weighing 16+1 g (n=6 per group,
with a total of 24 mice) were purchased from Huafukang
Biosciences and adaptively housed for a week under a
controlled environment (humidity, 45-55%; temperature,
22+1°C; and a 12-h day/night cycle), with free access to
water and food. The mice were then randomly divided into
four groups: Lv-NC (AN3CA), Lv-BLACAT2 (AN3CA),
Lv-shNC (HEC-1-A), and Lv-shBLACAT?2 (HEC-1-A) groups.
AN3CA cells with stably overexpressed BLACAT2/NC and
HEC-1-A cells with stably knocked down BLACAT2/NC
(1x107 cells/100 ul) were subcutaneously injected into the right
flank of the nude mice. The tumor size was measured every
4 days. A total of 4 weeks later, all mice were sacrificed by
CO, asphyxiation. The flow displacement rate of CO, was 40%
of the chamber volume per min. Death was confirmed by the
cessation of movement, breathing and heartbeat. The tumor
tissues were then separated and weighed, before they were
fixed in 4% paraformaldehyde for further analysis. The tumor
volumes were calculated according to the following formula:
Volume=length x width? x0.5. The animal experiments were
approved by the Ethics Committee of Shengjing Hospital
of China Medical University (approval no. 2021PS741K). A
tumor size of 20 mm at the largest diameter was permitted by
the Ethics Committee. After 4 weeks, the maximum tumor
diameter observed was not exceeded.

Immunohistochemistry. The tumor tissues fixed in 4%
paraformaldehyde (at room temperature for 24 h) were
embedded in paraffin and then sectioned into 5-um slices.
After dewaxing, rehydration, and antigen retrieval, the tumor
slices were incubated with 3% H,O, at room temperature
for 15 min. Following 15 min of blocking with goat serum
(Beijing Solarbio Science & Technology Co., Ltd.) at room
temperature, tumor slices were incubated with a anti-Ki67
antibody (1:100 dilution; cat. no. A2094; ABclonal Biotech
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Co., Ltd.) overnight at 4°C. Subsequently, the sections were
incubated with an HRP-conjugated secondary antibody (cat.
no. 31460; Thermo Fisher Scientific, Inc.) at 37°C for 1 h. The
sections were then stained with diaminobenzidine (DAB;
Beijing Solarbio Science & Technology Co., Ltd.) at room
temperature for 5 min. Following DAB visualization, the
sections were immersed into water and then re-stained using
hematoxylin at room temperature for 3 min. The Ki67-positive
cells were finally observed under a light microscope (BX53;
Olympus Corporation).

Statistical analysis. Data were analyzed using the GraphPad
Prism 8.0 software (GraphPad Software, Inc.) and the results
are presented as the mean + standard deviation. Statistical
analyses were performed using one-way ANOVA followed by
Tukey's multiple comparisons test, two-way ANOVA followed
by Sidak's multiple comparisons test or unpaired Student's
t-test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Expression of BLACAT2 in UCEC. BLACAT?2 was found to
be upregulated in cervical cancer, ovarian cancer and UCEC,
whereas its expression was not found to be significantly different
in breast cancer (Fig. 1A). Although carcinogenic functions
have been previously identified in cervical cancer (38) and
ovarian cancer (39), the role of BLACAT?2 in UCEC remains
unclear. BLACAT?2 expression was therefore detected in
clinical samples using RT-qPCR. BLACAT?2 expression
was found to be significantly increased in UCEC tumors
compared with that in the adjacent normal tissues (P<0.01;
Fig. 1B). Furthermore, RT-qPCR confirmed that BLACAT2
is expressed in human endometrial cancer cell lines Ishikawa,
RL95-2, HEC-1-B, AN3CA and HEC-1-A (Fig. 1C).

BLACAT?2 overexpression promotes the proliferation of UCEC
cells. As revealed in Fig. 1C, AN3CA cells exhibited the lowest
expression of BLACAT? than that in the other UCEC cell
lines, while HEC-1-A cells exhibited the highest expression of
BLACAT?2. Thus, AN3CA cells were selected for BLACAT?2
overexpression, whereas HEC-1-A cells were selected for
BLACAT?2 knockdown. As the results of RT-qPCR revealed,
the expression of BLACAT?2 in AN3CA cells was higher
when compared to the Lv-NC group, whereas that in HEC-1-A
cells was significantly lower when compared to the Lv-shNC
group (P<0.01; Fig. 2A). Cell viability was then detected using
CCK-8 assay. Notably, BLACAT?2 overexpression enhanced
UCEC cell viability, whereas BLACAT2 knockdown reduced
cell viability (P<0.01; Fig. 2B). Cell cycle progression was
next investigated in these cells. BLACAT?2 overexpression
decreased cell accumulation in the G, phase and increased the
number of cells in the S and G, phases. By contrast, there were
more HEC-1-A cells in the G, phase and fewer cells in the
S and G, phases following BLACAT?2 knockdown (P<0.05;
Fig. 2C). The expression of cyclin D1 and cyclin E, which
are essential regulators of G,/S transition during cell cycle
progression (40), were found to be upregulated in UCEC cells
following BLACAT?2 overexpression. However, their protein
expression levels were significantly reduced by BLACAT2
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Figure 1. Expression of BLACAT?2 in UCEC tumors and cell lines.
(A) BLACAT?2 expression level in BRCA, CESC, OV and UCEC using the
GEPIA database. The expression of BLACAT? in (B) 40 paired clinical
specimens and in (C) the UCEC cell lines Ishikawa, HEC-1-B, RL95-2,
AN3CA and HEC-1-A. "P<0.05 and ""P<0.01 vs. normal. BLACAT?2, bladder
cancer-associated transcript 2; UCEC, uterine corpus endometrial carcinoma;
BRCA, breast cancer; CESC, cervical cancer; OV, ovarian cancer.

knockdown (P<0.01; Fig. 2D and E). Therefore, these data
indicated that BLACAT?2 overexpression promotes the prolif-
eration of UCEC cells.

BLACAT?2 overexpression facilitates UCEC cell migration
and invasion. The migration and invasion of AN3CA and
HEC-1-A cells were subsequently assessed by wound healing
and Transwell assays. BLACAT?2 overexpression was observed
to improve the migration rate of UCEC cells, whilst knockdown
of BLACAT?2 expression significantly inhibited the migration
of these tumor cells (P<0.05; Fig. 3A). BLACAT?2 appeared
to mediate similar effects on UCEC cell invasion (P<0.01;
Fig. 3B). MMP9 and MMP?2 are proteins that can potentiate
cancer cell invasion (41). Therefore, the present study next
examined the protein expression levels of MMP9 and MMP2
in cells, and determined that BLACAT?2 overexpression
increased the expression of MMP9 and MMP2. By contrast,
BLACAT?2 knockdown inhibited their protein expression
levels in UCEC cells (P<0.01; Fig. 3C). In addition, gelatin
zymography assay revealed that BLACAT?2 overexpression
enhanced the activity of MMP9 and MMP?2, whilst BLACAT?2
knockdown weakened their activities (P<0.01; Fig. 3D). These
findings indicated that BLACAT?2 serves an important role in
the migration and invasion of UCEC cells.

BLACAT?2 overexpression enhances MER/ERK signaling in
UCEC cells. The ERK signaling pathway has been reported
to be aberrantly activated in cancer, which can promote cell
proliferation and invasion (42). Therefore, the activation status
of ERK and MEK in UCEC cells was assessed using western
blotting (Fig. 4A and C). BLACAT?2 overexpression was found
to increase the phosphorylation of MEK1/2 and ERK1/2 without
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Figure 2. BLACAT?2 promotes uterine corpus endometrial carcinoma cell proliferation by accelerating G1/S cell cycle progression. The AN3CA stable cell line
with overexpressed BLACAT?2 and the HEC-1-A cell stable cell line with knocked down BLACAT?2 were established, respectively. (A) BLACAT?2 expression
in AN3CA and HEC-1-A cells was measured using reverse transcription-quantitative PCR. (B) Cell viability was determined using the Cell Counting Kit-8
assay. The vertical axis represented the value of optical density at 450 nm. (C) AN3CA and HEC-1-A cells at each phase (G1, S and G2) of the cell cycle were
assessed using flow cytometry. (D) Representative images and (E) quantification of cyclin DI and cyclin E expression in AN3CA and HEC-1-A cells. Values

are presented as the means + SD (n=3). "P<0.05 and “'P<0.01 vs. Lv-NC or Lv-shNC. BLACAT2, bladder cancer-associated transcript 2; Lv, lentivirus; NC,
negative control; sh, short-interfering.

altering the expression of their corresponding total protein in
UCEC cells. The increased ratio of p-MEK1/2 or p-ERK1/2 to
total MEK1/2 or total ERK1/2, respectively, suggested that the

MEK/ERK pathway was activated by BLACAT?2 overexpres-
sion (P<0.05; Fig. 4B). By contrast, BLACAT?2 knockdown
significantly suppressed the activation of this pathway in UCEC
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Figure 3. BLACAT? facilitates UCEC cell migration and invasion. The AN3CA stable cell line with overexpressed BLACAT?2 and the HEC-1-A stable cell
line with knocked down BLACAT?2 were established, respectively, before the migration and invasion of UCEC cells were detected. (A) Migration of AN3CA
and HEC-1-A cells was detected by wound healing assay, before the migration rate was calculated. Magnification, x100. Scale bar, 200 ym (B) Invasion of
AN3CA and HEC-1-A cells was measured using Transwell assay, before the number of invasive cells was recorded. Magnification, x200. Scale bar, 100 ym.
(C) Relative protein expression levels of MMP9 and MMP2 in AN3CA and HEC-1-A cells were measured by western blot analysis. (D) The activities of
MMP9 and MMP2 in AN3CA and HEC-1-A cells were determined using gelatin zymography assay. Values are presented as the means + SD (n=3). "P<0.05
and “P<0.01 vs. Lv-NC or Lv-shNC. BLACAT?2, bladder cancer-associated transcript 2; UCEC, uterine corpus endometrial carcinoma; Lv, lentivirus; sh,

short-interfering; NC, negative control.

cells (P<0.01; Fig. 4C and D). These results indicated that
BLACAT?2 can regulate MEK/ERK signaling in UCEC cells.

BLACAT?2 promotes UCEC tumor growth in vivo. The effect
of BLACAT?2 on UCEC progression was next studied in vivo.
ANB3CA cells with stably overexpressed BLACAT2/NC and
HEC-1-A cells with stably knocked down BLACAT?2/NC,

were injected into nude mice. The tumor volumes and weights
of the nude mice injected with cells overexpressing BLACAT2
were found to be increased compared with those of nude mice
injected with cells expressing Lv-NC. However, BLACAT?2
knockdown suppressed tumor growth in nude mice (P<0.05;
Fig. 5A-C). The expression of Ki-67 using immunohitochem-
ical (IHC) staining indicated that BLACAT?2 overexpression
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Figure 4. BLACAT?2 overexpression enhances MER/ERK signaling in uterine corpus endometrial carcinoma cells. Expression of the protein markers in the
MEK/ERK signaling pathway were next analyzed in AN3CA cells with stably overexpressed BLACAT?2 and in HEC-1-A cells with stably knocked down
BLACAT?2. (A) Representative images of western blot analysis of p-MEK1/2, total MEK1/2, p-ERK1/2, and total ERK1/2 both in AN3CA cells, (B) which
were semi-quantified. (C) Representative images of western blot analysis of p-MEK1/2, total MEK1/2, p-ERK1/2, and total ERK1/2 both in HEC-1-A cells,
(D) which were semi-quantified. Values are presented as the means + SD (n=3). "P<0.05 and “P<0.01 vs. Lv-NC or Lv-shNC. BLACAT?2, bladder cancer-
associated transcript 2; p-, phosphorylated; Lv, lentivirus; sh, short-interfering; NC, negative control.

promoted, whereas BLACAT2 knockdown suppressed UCEC
tumor cell proliferation (Fig. 5D). Furthermore, the protein
expression levels of cyclin D1, MMP2 and phosphorylated
ERK1/2 were also increased by BLACAT?2 overexpression but
inhibited by BLACAT?2 knockdown (P<0.01; Fig. SE and F).
These observations indicated that BLACAT2 promoted UCEC
tumor growth and activation of MEK/ERK signaling in vivo.

Association among BLACAT2, miR-378a-3p, and YYI. The
predictive binding among BLACAT?2, miR-378a-3p, and YY1
is presented in Fig. 6A. The putative binding sites of BLACAT?2
to miR-378a-3p and miR-378a-3p to YY1 3'UTR are shown
in Fig. 6B. BLACAT?2 overexpression was demonstrated to
reduce miR-378a-3p expression, but to increase that of YY1 in
UCEC cells, whilst BLACAT?2 knockdown exerted the oppo-
site effects (P<0.01; Fig. 6C). BLACAT?2 overexpression also
led to reduced miR-378a-3p expression and increased YY1
expression in UCEC tumors, whilst BLACAT2 knockdown
enhanced miR-378a-3p expression and reduced Y Y1 expression
(P<0.01; Fig. S1). The potential targeted association between
miR-378a-3p and BLACAT?2 or YY1 was next assessed using
dual-luciferase reporter assays. The relative luciferase activity

in 293T cells co-transfected with vectors containing wild-type
BLACAT?2 3'UTR and miR-378a-3p was reduced, suggesting
that miR-378a-3p can bind to BLACAT?2. miR-378a-3p was
also found to bind to the 3'UTR of YY1 (P<0.01; Fig. 6D). In
addition, Fig. 6E revealed the possible binding sites of YY1 in
the BLACAT?2 promoter region. The increased relative lucif-
erase activity in 293T cells co-transfected with the YY1 and
BLACAT?2 promoter suggested that YY1, as a transcription
factor, may bind to the BLACAT?2 promoter (Fig. 6E). This
was further verified using ChIP assay (Fig. 6F).

miR-378a-3p overexpression inhibits UCEC cell proliferation,
invasion and the ERK pathway. To study the function of
miR-378a-3p in UCEC cells, HEC-1-A cells were transfected
with either miR-378a-3p mimics or NC mimics. The trans-
fection efficiency was validated and is presented in Fig. S2.
The mRNA expression level of YY1 in HEC-1-A cells was
significantly decreased following miR-378a-3p overexpressin
(P<0.01; Fig. 7A). miR-378a-3p overexpression also signifi-
cantly suppressed the viability and invasion of UCEC cells
(P<0.01; Fig. 7B and C). The expression of cyclin D1, MMP2,
and ERK1/2 phosphorylation was found to be inhibited by
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Figure 5. BLACAT?2 promotes UCEC tumor growth in vivo. AN3CA cells with stably overexpressed BLACAT?2 and HEC-1-A cells with stably knocked down
BLACAT?2 were injected into the right flank of nude mice. (A) The volume of UCEC tumors in nude mice was measured every 4 days. (B) The images of UCEC
tumors removed from the nude mice 4 weeks after injection. (C) The weight of the tumors in nude mice was measured after sacrifice. (D) Immunohistochemical
staining showed the expression of Ki-67 in the UCEC tumors in nude mice. Magnification, x400. Scale bar, 50 ym. (E) Representative western blotting
images and (F) protein expression semi-quantification of cyclin D1, MMP2, phosphorylated ERK1/2 and ERK1/2 in the tumors. Values are presented as
the means + SD (n=6). "P<0.05 and “"P<0.01 vs. Lv-NC or Lv-shNC. BLACAT?, bladder cancer-associated transcript 2; UCEC, uterine corpus endometrial
carcinoma; Lv, lentivirus; sh, short-interfering; NC, negative control; p-, phosphorylated.

miR-378a-3p overexpression (P<0.01; Fig. 7D), suggesting
that miR-378a-3p can suppress cell proliferation, invasion, and
ERK signaling in UCEC cells.

YY1 knockdown reverses BLACAT?2 overexpression-medi-
ated UCEC development. To investigate whether YY1
is involved in the regulation of BLACAT2 and therefore

UCEC development, Lv-shY Y1 was used to infect AN3CA
cells, and YY1 expression was knocked down effectively in
AN3CA cells after the infection (P<0.01; Fig. 8A). AN3CA
cells with stably overexpressed BLACAT?2 were then
infected with Lv-shY Y1 or Lv-shNC. CCK-8 assay revealed
that in BLACAT2-overexpressed UCEC cells, YY1 down-
regulation significantly reduced cell viability (P<0.01;
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Figure 6. Association among BLACAT?2, miR-378a-3p and YY1. (A) starBase predicted the binding of BLACAT?2 and miR-378a-3p. Venn diagram of the
potential targets of miR-378a-3p was produced after prediction using miRDB, TargetScan and starBase. Venn diagram showing a total of 49 common possible
targets of miR-378a-3p and the potential transcription factors of BLACAT?2 were predicted by Jasper. (B) Wild-type putative sites of BLACAT2 or the YY1
3'UTR or their corresponding mutant sequences were cloned into the pmirGLO luciferase reporter vector. (C) Relative expression of miR-378-3p and YY1 in
AN3CA cells with stably overexpressed BLACAT?2 and in HEC-1-A cells with stably knocked down BLACAT?2. (D) Relative luciferase activity of 293T cells
was detected to assess the association between miR-378a-3p and BLACAT? or the YY1 3'UTR. (E) In total, three different regions in the BLACAT?2 promoter
were selected and cloned into the pmirGLO vector, before luciferase reporter assays were performed to investigate the possible binding between the YY1 and
BLACAT? promoter. (F) ChIP analysis of YY1 binding to the BLACAT?2 promoter. After ChIP, the PCR products were analyzed by gel electrophoresis. Values
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negative control; WT-, wild-type; MT-mutant.

Fig. 8B). In addition, YY1 knockdown abrogated the posi-
tive effects of BLACAT2 on UCEC cell migration and
invasion (P<0.05; Fig. 8C and D). The protein expression
levels of cyclin D1, MMP2 and ERK1/2 phosphoryla-
tion were also significantly supressed by YY1 inhibition
(P<0.01; Fig. 8E and F). These results indicated that YY1
is involved in the regulation of BLACAT2 expression
upstream of UCEC cell proliferation, migration, invasion,
and MER/ERK signaling.

Discussion

In the present study, BLACAT?2 overexpression was found to
promote UCEC cell proliferation, migration, and invasion. The
tumor-promoting effects of BLACAT?2 in UCEC are likely to
be mediated by a miR-378a-3p/YY1 axis. This BLACAT2/
miR-378a-3p/YY1 axis in UCEC development is also likely to
involve the MEK/ERK signaling pathway. In addition, YY1 may
bind to the promoter of BLACAT?2 to regulate its expression.



12 ZHANG et al: CARCINOGENIC ROLE OF BLACAT?2 IN UCEC

A B C 200
= 1.57 1.5- NC mimics 2
ke = -= miR-378a-3p mimics 3
3 2 o 1501
<] >
g— 1.0 1 [m)] 1.0 ‘@
% o g
2 e £ 100+ kel
el ok 2 B o)
é) g 0.5 r - 3 501
3 = §
] Q =
& 00- © 00 Z o
8 %8 . T T ' ’ %] o n
£ 9F 0 24 48 72 S @8
£ S E h w8 N S © £
1S 5 € IS ’c\og
e £ miR-378a-3p o @
€ mimics =z %
Qo
o @
Qo «©
£ Ss
D E &€ = NC mimics I NC mimics
S E¢€ 15, = miR-378a-3p mimics 1,5+ mm miR-378a-3p mimics
Cyclin D1 E 34 kDa 5 5
[ [}
8 8 1.0
> x
() (]
pERki2[ W |BIBE ¢ = 2
44 kDa 5 057 g 091 - =
= i i
B-actin E’ 42 kDa 0.0 : 0.0 ! '

Cyclin D1

MMP2
p-ERK1/2

ERK1/2 4
p-ERK/ERK

Figure 7. miR-378a-3p overexpression inhibits UCEC cell proliferation, invasion and the ERK1/2 pathway. HEC-1-A cells were transfected with the miR-378a-3p
mimics to explore the function of miR-378a-3p in UCEC progression. (A) Relative expression of Yin Yang-1 in HEC-1-A cells was detected using reverse
transcription-quantitative PCR 48 h after transfection. (B) Cell viability was measured using the Cell Counting Kit-8 assay. (C) The effect of miR-378a-3p
overexpression on HEC-1-A cell invasion. Magnification, x200. Scale bar, 100 #m (D) Relative expression levels of cyclin D1, mature MMP2, ERK1/2 and
phosphorylated ERK1/2 in HEC-1-A cells. Values are presented as the means = SD (n=3). “P<0.01 vs. NC mimics. miR, microRNA; UCEC, uterine corpus
endometrial carcinoma; YY1, Yin Yang-1; NC, megative control; p-, phosphorylated.

LncRNAs are expressed in a tissue- and cell-type-specific
manner, where they have been demonstrated to serve vital
roles in multiple cancers (43,44). A previous study identified
seven IncRNAs to be potential prognostic factors in UCEC
according to RNA-sequencing and expression profiling
coupled with analysis of corresponding clinical data of patients
with UCEC from The Cancer Genome Atlas database (45).
[Mlumina paired-end RNA sequencing demonstrated that
BLACAT?2 expression is upregulated in endometrial, ovarian
and cervical cancer (20). BLACAT?2 has been found to be
differently expressed in UCEC tumor and normal tissue, but its
function and mechanism in UCEC remain poorly understood.
In the present study, BLACAT?2 overexpression was found
to suppress miR-378a-3p expression, whilst promoting YY1
expression, UCEC cell viability, cell cycle progression, cell
migration and invasion. By contrast, BLACAT?2 knockdown
exerted the opposite effects on all of the aforementioned physi-
ological processes. As part of the cyclin family of proteins,
cyclin D1 and cyclin E are important regulators of cancer cell
proliferation, the downregulation of which was associated
with cell cycle arrest (46,47). By contrast, the migration and
invasion of cancer cells are mediated by metalloproteinases,
MMP2 and MMP9 (48,49). The present study revealed
increased cyclin DI, cyclin E, MMP2, and MMP9 in UCEC

cells following BLACAT?2 overexpression, whereas they were
all reduced by BLACAT?2 knockdown. This suggests that
BLACAT?2 overexpression can promote UCEC cell prolifera-
tion, migration, and invasion. In addition, it was found that the
BLACAT2-mediated UCEC cell proliferation was associated
with increases in p-MEK/MEK and p-ERK/ERK ratios,
suggesting that BLACAT?2 overexpression can also activate
MEK/ERK signaling in UCEC cells. The tumor-promoting
effects of the activated MEK/ERK pathway have been demon-
strated in previous studies (50,51). Therefore, the results from
the present study revealed a potential novel signaling pathway
regulated by BLACAT?2 in UCEC.

LncRNAs typically function as competing endogenous
RNAs with other RNA transcripts for the same miRNAs (52).
LncRNAs can function as miRNA sponges and block the
regulatory effects of miRNAs on mRNAs (53). The regulation
of transcription is a complex process that involves interactions
among different types of signaling components, including
mRNA, IncRNA and miRNA. Liu er al (54) previously
proposed a novel method for constructing genome-wide inter-
active networks and found the cross-regulation of IncRNA,
miRNA and mRNA, called the ‘mRNA-IncRNA-miRNA
triplet’. miR-378a-3p was predicted to bind to BLACAT?2
using bioinformatic analysis, which was then confirmed
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Figure 8. YY1 knockdown inhibits BLACAT2 overexpression-mediated uterine corpus endometrial carcinoma development. Lentiviruses encoding shY Y1
(Lv-shY Y1) were used to infect AN3CA cells with stably overexpressed BLACAT?2. (A) The infectivity of the shY Y1 lentivirus (Lv-shY Y1) was verified in
ANB3CA cells. (B) The viability of AN3CA cells was determined using Cell Counting Kit-8 assay. (C) Migration of AN3CA cells was detected using a wound
healing assay, before the migration rate was calculated. Magnification, x100. Scale bar, 200 ym. (D) The effect of YY1 knockdown on AN3CA cell invasion
following BLACAT?2 overexpression. Magnification, x200. Scale bar, 100 ym. (E) Representative images and (F) semi-quantification of protein expression of
cyclin D1, MMP2, phosporylated ERK1/2 and total ERK1/2 in AN3CA cells after transfection. Values are presented as the means = SD (n=3). "P<0.05 and
“P<0.01 vs. Lv-BLACAT2 + Lv-shNC. YY1, Yin Yang-1; BLACAT?2, bladder cancer-associated transcript 2; sh, short-interfering; Lv, lentivirus; NC, negative

control; p-, phosphorylated.

using a dual-luciferase report assay. The interaction of
BLACAT?2 with miR-378a-3p was also found in a previous
study by Cui et al (35), which demonstrated that BLACAT?2
can regulate cancer development by sponging miR-378a-3p.
Previous studies demonstrated that tumor promotion may
involve miR-378a-3p inhibition (55,56). In the present study,
miR-378a-3p overexpression resulted in the suppression
of YY1 expression, UCEC cell proliferation and invasion,
suggesting the antitumor role of miR-378a-3p in UCEC.

Hu et al (16) previously showed that BLACAT? can serve as an
oncogene by modulating the miR-193b-5p/methyltransferase
3, N6-adenosine-methyltransferase complex catalytic subunit
axis (16). In the present study, the function of BLACAT2
in UCEC progression may be achieved by the regulation of
miR-378a-3p and YY1 downstream, which further affected
the MEK/ERK pathway. Therefore, the differential roles of
BLACAT?2 in human cancers may depend on its different
downstream miRNAs and target mRNAs.
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YY1 was shown to be a potential target of miR-378a-3p.
YY1 was previously found to be overexpressed in tumors
and identified to be an oncogenic factor. This was potentially
mediated by the recruitment of enhancer of zeste homolog 2
and the activation of histone H3K27me3 in the adenomatous
polyposis coli gene promoter region in EEC, which silences
the expression of this gene. In addition, YY1 depletion was
found to suppress EEC cell proliferation and migration, whilst
YY1 overexpression could promote these processes (30).
YY1 can also function as a positive regulator of AKTI, a
member of the PI3K/AKT/mTOR signaling pathway activated
in endometrial tumors (57). These previous studies suggest
that YY1 is an important regulator of endometrial carcinoma
progression. Consistently, the present study showed that YY1
knockdown abolished the BLACAT?2 overexpression-induced
UCEC cell proliferation, invasion and activation of MEK/
ERK signaling, suggesting that YY1 was involved in the
regulation of BLACAT?2 and therefore UCEC progression. In
gastric cancer cells, YY1 knockdown resulted in the inhibition
of ERK/MAPK signaling, a major oncogenic pathway (58).
Therefore, the present study revealed that the induction of
YY1 expression may activate the ERK pathway to promote
UCEC tumor growth.

The direct binding of YY1 to the gene promoter of
BLACAT?2 was identified using dual-luciferase reporter
and ChIP assays in the present study, suggesting that
YY1 can regulate BLACAT?2 transcription. The regula-
tory relationship among BLACAT?2, miR-378a-3p, and
YY1 appears to form a feedback loop instead of an axis.
Therefore, BLACAT?2 not only controls UCEC development
by regulating the miR-378a-3p/Y Y1 axis, but is also under
the control of the transcription factor YY1. Based on these
findings, BLACAT?2 may bind to miR-378a-3p and function
as a sponge of this miRNA, resulting in the abolishment of
the inhibitory effects of miR-378a-3p on YY1 in UCEC.
However, the regulatory mechanism of YY1 in BLACAT2
expression requires further investigation. In addition, the
association of the BLACAT2/miR-378a-3p/Y Y1 loop with
the ERK signaling pathway in UCEC cells warrants further
exploration in the future.

Findings from the present study suggest the potential of
BLACAT?2 as a biomarker in UCEC. However, the present
study also has various limitations. It is essential to enroll an
increased number of cancer cases in future studies. In addi-
tion, the majority of IncRNAs can regulate >1 target gene,
but only the preliminary regulatory mechanism of the effect
of BLACAT?2 was revealed in the present study. The specific
mechanisms involved in the effect of BLACAT?2 in UCEC
require further investigation. Furthering the understanding
of the function and potential molecular mechanisms of
BLACAT?2 will facilitate the development of IncRNA-based
therapeutics in the clinic.

In conclusion, in the present study it was revealed that
BLACAT? regulated the progression of UCEC through the
miR-378a-3p/YY1 axis. However, downstream YY1 can bind
to BLACAT?2 promoter to promote its expression as a transcrip-
tion factor. In addition, MEK/ERK is involved downsteam of
the BLACAT2/miR-378a-3p/Y Y1 loop in UCEC progression.
The present study therefore provides novel therapeutic targets
for UCEC and insights into UCEC tumorigenesis.
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