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regulating ADAM9 expression
through targeting miR-498-5p
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Abstract

Objective: Long non-coding RNA (IncRNA) expression is closely related to the pathogenesis
and progression of various tumors. In this study, we investigated the mechanisms of IncRNA
HOXB cluster antisense RNA 3 (HOXB-AS3), miRNA(miR)-498-5p, and disintegrin and metal-
loproteinase domain-containing protein 9 (ADAM9) in endometrial carcinoma (EC) cells.
Methods: The expression levels of IncRNA HOXB-AS3 in EC tissues and cells were detected using
RT-gPCR assays. The effects of HOXB-AS3 knockdown on EC cell proliferation and apoptosis were
measured using CCK-8 assays, colony formation assays, and flow cytometry. In addition, putative
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miR-498-5p binding sites were identified in HOXB-AS3 and ADAM9. The targeted relationships were
further verified using dual-luciferase reporter and RNA pull-down assays.

Results: HOXB-AS3 expression was upregulated in EC tissues and cells. EC cell proliferation and
viability decreased significantly in HOXB-AS3 knockdown groups. A putative miR-498-5p binding site
in HOXB-AS3 was verified. Inhibition of miR-498-5p rescued the effects of HOXB-AS3 knockdown
on cell proliferation and apoptosis. Finally, ADAM9 was verified as a direct target gene of miR-498-5p.
Conclusions: Our results suggest that IncRNA HOXB-AS3 is highly expressed in EC tissues and
cells. Downregulation of HOXB-AS3 inhibits cell proliferation and promotes apoptosis in EC
cells. HOXB-AS3 can upregulate ADAM9 expression by sponging miR-498-5p.

Keywords
Disintegrin and metalloproteinase domain-containing protein 9, endometrial carcinoma, long
non-coding RNA HOXB cluster antisense RNA 3, miR-498-5p, tumorigenesis, tumor progression
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Introduction

As the fifth most common cancer in
females, endometrial cancer (EC) originates
in the endometrium layer of the uterus.'
Recently, the increased incidence of EC
has led to concerns regarding disease man-
agement.” Early screening and accurate
diagnostic assessment are critical steps for
successful treatment of EC.

Studies have shown the emerging role of
long non-coding RNAs (IncRNAs) in car-
cinogenesis.® LncRNAs are found in both
the cell nucleus and cytoplasm, indicating
its role in epigenetics and translational
and post-translational gene regulation.®
Aberrant expression of IncRNAs in EC tis-
sues, as well as the associated regulatory
networks, has been recognized and identi-
fied, suggesting the significance of IncRNAs
in EC diagnosis and prognosis.® Several
IncRNAs have been found to be associated
with EC, including small nucleolar RNA
host gene 12 (ASLNCO04080), HI19
imprinted maternally expressed transcript
(H19), ovalbumin (OVAL), cancer suscep-
tibility 2 (CASC2), metastasis associated
lung  adenocarcinoma  transcript 1
(MALATI1), HOX transcript antisense
RNA (HOTAIR), sister of ramosa 3
(SRA), and long intergenic non-coding

RNA, regulator of reprogramming (Linc-
RoR).” ™ Li et al'® summarized and
reviewed the roles of various IncRNAs in
the initiation and progression of EC.
LncRNA HOXB cluster antisense RNA 3
(HOXB-AS3) has a crucial role in multiple
tumors, including hepatocellular carcino-
ma,'® acute myeloid leukemia,'”'® colon
cancer,'” and epithelial ovarian cancer.?*?!
However, its potential functions and mech-
anisms in EC pathogenesis and progression
remain unknown.

MicroRNAs (miRNAs) are small non-
coding RNAs that are responsible for
post-transcriptional control of gene expres-
sion. Dysregulation of miRNAs is closely
related to cancer initiation and progres-
sion.”? The role of miRNAs in EC has
been identified and investigated in many
studies. Cohn et al.>* provided a compre-
hensive analysis of the miRNA profile for
surgically-staged EC, suggesting miRNAs
could serve as predictive and therapeutic
biomarkers for EC. Among multiple
miRNAs, miR-498-5p has been identified
in various types of cancer, such as ovarian
cancer and cervical cancer, and functions in
either an oncogenic or tumor suppressive
manner.”* %’ More importantly, Xue
et al.”® investigated the role of miR-498-5p
in bronchial epithelial cell inflammation
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responses. However, the function of miR-
498-5p in the progression of EC remains
unclear.

The disintegrin and metalloproteinase
domain (ADAM) family is a group of cell
surface proteins that are responsible for cell
adhesion and migration. Studies have
shown that the ADAM family also modu-
lates cell invasion and proliferation in
various  cancers.”” ADAM9 is a
membrane-anchored metalloprotease that
has been shown to be upregulated in differ-
ent human carcinomas, such as prostate
and gastric cancers.’*>!

Therefore, this research aims to elucidate
the potential mechanisms and interactions
among HOXB-AS3, miR-498-5p, and
ADAMY in EC, which may provide signif-
icant benefits for EC diagnosis and
treatment.

Materials and methods

Patient tissue samples

Sixty patients diagnosed with EC were
selected for this study. No radiotherapy or
chemotherapy were given to the patients
before surgery. The tumor tissue samples
and adjacent normal tissue samples were
obtained during surgical resection of EC.
All samples were stored at —80°C until
use. All experiments were approved by the
ethics committee at Southern Medical
University  (Approval number SMU-
HL93-2017; 7 March 2017). Written
informed consent was obtained from all
patients that participated in this study.

Cell culture and cell transfections

Three EC cell lines, including HEC-1-A
(HTB-112), HEC-1-B  (HTB-113), and
Ishikawa (HTB-113), and human embryon-
ic stem cells (ESC) (SCRC-2002) were pur-
chased from American Type Culture
Collection (ATCC, Manassas, VA, USA).

The cells were cultured in 5% CO, at
37°C. The cell culture medium used for
each cell line follows the recommended for-
mulation and required additives on the
ATCC website (https://www.atcc.org/prod
ucts/all/HTB-113.aspx).

Cell transfections were performed when
cultures reached 80% confluence using
Lipofectamine 2000 Transfection Reagent
(Invitrogen, Carlsbad, CA, USA). Specific
small interfering RNA (siRNA) oligonu-
cleotides targeting HOXB-AS3 (si-HOXB-
AS3; 5-UGCUUGUCUGGAGAUGG
AGCCACUA-3) or negative control
siRNA (si-NC) were transfected into EC
cells. The si-HOXB-AS3, si-ADAMY9 (5'-
CUCCUUGGAGAUUAACUAGUU-3),
anti-miR-498-5p (5-UUUCAAGCCAGG
GGGCGUUUUUC-3)), miR-498-5p
mimic (5-TTTCAAGCCAGGGGGCGT
TTTTC-3'), and negative control (5-
TGTAGTTGTACTCCAGCTTGUGCT
T-3’) were synthesized and purchased from
GenePharma (Shanghai, China). In our
study, miR-498-5p was used in all experi-
ments. Quantitative reverse transcription
polymerase chain reaction (RT-qgPCR)
assays were used to confirm HOXB-AS3
knockdown 48 hours after transfection.
The sequence of si-HOXB-AS3 was
designed as UGCUUGUCUGGAGAUG
GAGCCACUA.

RNA isolation and quantitative reverse
transcription polymerase chain
reaction assays

Total RNA was extracted from EC tissues

and cell samples using TRIzol RNA
Isolation  Reagents (Thermo  Fisher
Scientific, Rockford, IL, USA), then

reverse transcribed into complementary
DNA (cDNA) wusing PrimeScript RT
Reagent Kit with gDNA Eraser (Takara,
Kyoto, Japan). Then, RT-qPCR assays
were carried out using an ABI 7500 Fast
Real-Time PCR system (Applied
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Biosystems, Foster City, CA, USA) accord-
ing to the manufacturer’s suggested proto-
col. SYBR® Green JumpStart™ Taq
ReadyMix™ (S1816, Sigma-Aldrich, St.
Louis, MO, USA) was used in all RT-
qPCRs. The 2724 method was used to
quantify the relative expression levels of
genes. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as an
endogenous control. Primer sequences for
HOXB-AS3: Forward, 5-TGCTTGT
CTGGAGATGGAGC-3; Reverse, 5-GA
TAAGAGCGATGAGGCGCT-3'. Primer
sequences for GAPDH: Forward, 5'-TCA
TTTCCTGGTATGACAACG-3'; Reverse,
5-TCTTACTCCTTGGAGGCCAT-3'.

Dual-luciferase reporter assay

To confirm the putative miR-498-5p bind-
ing sites in HOXB-AS3 or ADAMO, rela-
tive luciferase activity was measured using
the dual-luciferase reporter assay system
(Promega, Madison, WI, USA). pGL4
luciferase reporter vectors were constructed
for wild type (WT) HOXB-AS3 fragments
(HOXB-AS3 WT) with miR-498-5p bind-
ing sites and HOXB-AS3 mutant (HOXB-
AS3 MUT) without miR-498-5p binding
sites. Mutants were generated using a
GeneEditor in  vitro  Site-Directed
Mutagenesis System (Promega). Ishikawa
cells were co-transfected with HOXB-AS3
WT or HOXB-AS3 MUT and NC
miRNA mimic or miR-498-5p mimic
using Lipofectamine 2000 Transfection
Reagent (Invitrogen). Similarly, WT or
mutant ADAM9 3’ untranslated region (3’
UTR) with or without miR-498-5p binding
sites were also cloned into pGL4 luciferase
reporter vectors to form reporter vector
ADAMY9 WT and ADAM9 MUT, respec-
tively. The relative luciferase activity was
measured according to the manufacturer’s
suggested protocol.

RNA pull-down assay

Ishikawa cells were transfected with bioti-
nylated miR-498-5p (miR-498-5p probe)
using Lipofectamine 2000 Transfection
Reagent (Invitrogen). Forty-eight hours
after transfection, cells were collected,
lysed, and incubated with streptavidin-
coupled beads for the pull-down assay
using an RNA-protein pull-down kit
(Millipore,  Burlington, MA, USA).
HOXB-AS3 expression levels were further
quantified using RT-qPCR assays.

Cell viability and apoptosis assays

A Cell Counting Kit-8 (CCK-8) assay
(Dodinjo, Kumamoto, Japan) was used to
detect cell viability. The cell viability was
evaluated 24 hours after seeding the trans-
fected cell suspensions at a density of 3500
cells/well in a 96-well plate. The absorbance
was measured at 450 nm.

Colony formation assays were also used
to detect cell proliferation. After transfec-
tion, the cells were plated at density of
1000 cells/well in a six-well plate and
allowed to grow for 15 days. Cell colonies
were fixed using methanol, stained using
0.1% crystal purple (Sigma, St. Louis,
MO, USA), then counted under a light
microscope.

The apoptotic cells were quantified using
flow cytometry. Cell suspensions were
washed with PBS and fixed in 4% formal-
dehyde overnight. An Annexin V-FITC
Apoptosis Detection Kit (Sigma) was used
to label the cellular DNA.

Western blotting and
immunohistochemistry (IHC) assay

Cells were scraped and lysed in radioimmu-
noprecipitation assay (RIPA) buffer
(R0O278, Sigma) on ice. The total protein
was measured using a BCA Protein Assay
Kit (Pierce, Thermo Fisher Scientific).
Then, 50 pug of total protein was loaded on
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an SDS-PAGE gel for electrophoresis, and
then transferred to PVDF membranes. The
membranes were blocked using 5% non-fat
milk at room temperature for two hours,
then incubated with specific primary anti-
bodies at 4°C overnight. The membranes
were washed with Tris-buffered saline con-
taining Tween-20 (TBST) three times, then
incubated with secondary antibody at room
temperature for 2 hours. The protein bands
were detected by chemiluminescence (ECL)
based on manufacturer’s instruction (Santa
Cruz Biotechnology, Dallas, TX, USA). All
antibodies were purchased from Abcam
(Cambridge, MA, USA). The anti-
ADAMY antibody (ab226459) is a rabbit
polyclonal. A 1:10,000 dilution was used
in all experiments.

Immunohistohemistry (IHC) assays for
ADAMY was performed on 4-um sections
of  formalin-fixed  paraffin-embedded
(FFPE) tissue using VENTANA
BenchMark  Special  Stains  (Roche,
Indianapolis, IN, USA) based on the man-
ufacturer’s instructions. A rabbit polyclonal
antibody against ADAMY9 (ab186833,
Abcam, Cambridge, MA, USA) was used
in our study.

Statistical analysis

All experiments were conducted in triplicate
and repeated three times. All data were
measured as mean =+ standard deviation
(SD). All statistical analyses were per-
formed using SPSS 20.0 software (IBM
Corp., Armonk, NY, USA). A paired
t-test or one-way analysis of variance
(ANOVA) was applied to determine the dif-
ferences between groups. Kaplan—Meier
analysis was performed using GraphPad
Prism 8.0 (GraphPad Software Inc., San
Diego, CA, USA). A P-value less than
0.05 was considered to be statistically
significant.

Results

Overexpression of HOXB-AS3 in EC
tissues and cell lines

First, The Cancer Genome Atlas (TCGA)
database was used to compare the expres-
sion of HOXB-AS3 in EC tissues and cor-
responding healthy tissues. HOXB-AS3
expression data in TCGA and normal sam-
ples were obtained from the Gene
Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia2.cancer-
pku.cn/#analysis). As shown in Figure la,
the expression levels of HOXB-AS3 in EC
tissues are significantly higher than those in
healthy tissues. Second, HOXB-AS3
expression was examined in 60 pairs of
EC tissues and adjacent normal tissues
using RT-qPCR assays. The results
showed that the expression of HOXB-AS3
was significantly upregulated in tumor tis-
sues (P <0.001, Figure 1b). Subsequently,
the expression levels of HOXB-AS3 in EC
cell lines, including HEC1A, HEC-1-B and
Ishikawa, and human ESCs were also
examined. The results suggested that
HOXB-AS3 has much higher expression in
the three EC cell lines, especially in HEC1A
and Ishikawa cells (P < 0.05, Figure 1c). In
addition, we investigated a potential corre-
lation between HOXB-AS3 expression and
the survival rate of patients with EC.
Kaplan—Meier analysis was used to evalu-
ate the survival rate of patients with EC in
low (n=30) and high (n=30) HOXB-AS3
expression groups. Those patients with
higher HOXB-AS3 expression had shorter
survival times than those with lower expres-
sion (P <0.001, Figure 1d).

HOXB-AS3 suppresses EC cell
proliferation and promotes apoptosis
To verify the function of HOXB-AS3

in vitro, cell proliferation rates following
HOXB-AS3 knockdown were examined in
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Figure 1. HOXB-AS3 is overexpressed in endometrial carcinoma (EC) tissues and cell lines.

(a) Upregulation of long non-coding RNA (IncRNA) HOXB-AS3 in EC tissues from The Cancer Genome
Atlas (TCGA) database analysis. (b) High expression of HOXB-AS3 in EC tissues. (c) Expression of
HOXB-AS3 in three EC cell lines is significantly higher than that in embryonic stem cells. (d) High expression
of HOXB-AS3 is associated with lower survival in patients with EC. *P < 0.05; **P < 0.001.

EC cell lines. First, two EC cell lines
(HECIA and Ishikawa) with higher
HOXB-AS3 expression were used for loss-
of-function studies. Successful knockdown
of HOXB-AS3 expression was seen using
gqRT-PCR assays in the si-HOXB-AS3
group compared with the control group
(si-NC) (Figure 2a). Next, the EC cell pro-
liferation rates were verified using CCK-
8 assays. The optical density (OD) values
at 450 nm were significantly lower in the
si-HOXB-AS3 group compared with the
si-NC group (P <0.01, Figure 2b), which
suggested that cell viability was reduced
after  knocking down  HOXB-AS3.
Furthermore, EC cell survival was tested

using colony formation assays in both cell
lines. Plate cloning experiments showed
that HOXB-AS3 knockdown reduced the
colony forming ability in both EC cell
lines (Figure 2c). In addition, apoptosis
was evaluated by flow cytometry. The
results showed that both EC cell lines had
significantly higher apoptosis levels in the
HOXB-AS3 knockdown groups compared
with the controls (Figure 2d).

miR-498-5p has a binding site in HOXB-
AS3 in EC cells

A miR-498-5p binding site in the HOXB-
AS3 sequence was predicted using
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Figure 2. HOXB-AS3 knockdown inhibits cell proliferation and induces apoptosis in endometrial carci-
noma (EC) cells. (a) Expression of HOXB-AS3, as measured by qRT-PCR assays in HEC| A and Ishikawa cells.
(b) Examination of cell viability in HOXB-AS3 knockdown cells using Cell Counting Kit-8 (CCK-8) assays.
(c) Examination of proliferation in HOXB-AS3 knockdown cells using colony forming assays. (d) Analysis of
apoptosis of HOXB-AS3 knockdown cells quantified by flow cytometry. **P < 0.05; **P < 0.001.

(http://carolina.imis.athena-inno
vation.gr/diana_tools/web/). To further
verify this binding site, dual-luciferase
reporter analysis was carried out on
Ishikawa cells. The luciferase activity was
significantly reduced in cells co-transfected
with  HOXB-AS3 WT and miR-498-5p
mimic compared with that in cells co-
transfected with HOXB-AS3 WT and miR-
NC mimic. No significant change was seen
in the cells transfected with HOXB-AS3
MUT (P<0.01, Figure 3a). Next, RNA
pull-down assays were used to confirm that
miR-498-5p could bind to HOXB-AS3.
HOXB-AS3 was successfully pulled down
with a miR-498-5p probe (P < 0.01, Figure
3b). Additionally, RT-qPCR assays were
used to measure miR-498-5p expression in
Ishikawa cells. The results showed that the
expression of miR-498-5p was significantly

LncBase

upregulated in the HOXB-AS3 knockdown
group (P <0.01, Figure 3c). We also exam-
ined the expression levels of miR-498-5p in
three EC cell lines and EC tissues. miR-498-
Sp expression was much lower in the three
EC cell lines than in ESCs, especially in
HECIA and Ishikawa cells (P <0.05,
Figure 3d). Also, miR-498-5p was downre-
gulated in EC tissues (n = 30) compared with
adjacent healthy tissues (n=30) (P <0.05,
Figure 3e). Furthermore, miR-498-5p
expression was negatively correlated with
HOXB-AS3 expression in EC tissues
(R?=0.2645, P <0.0001) (Figure 3f).

HOXB-AS3 promotes cell proliferation
and inhibits apoptosis of EC cells by
sponging miR-498-5p

Next, we further explored the mechanisms
of HOXB-AS3 in EC cell proliferation via
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Figure 3. HOXB-AS3 targets miR-498-5p in endometrial carcinoma (EC) cells. (a) The putative miR-498-
5p binding site in HOXB-AS3; luciferase activity of HOXB-AS3 wild type (WT) and HOXB-AS3 mutant
(MUT) after transfection of miR-498-5p or negative control (NC) mimic in EC cell lines. (b) Validation of the
miR-498-5p binding site in HOXB-AS3 using an RNA pull-down assay. (c) Overexpression of miR-498-5p
after HOXB-AS3 knockdown. (d and e) Downregulation of miR-498-5p in three EC cell lines and tissues
measured by qRT-PCR assays. (f) Negative correlation between HOXB-AS3 and miR-498-5p in EC tissues

(R*=0.2645, P<0.0001). **P < 0.001.

cell proliferation assays. First, we con-
firmed that miR-498-5p expression can be
downregulated after transfection with anti-
miR-498-5p in Ishikawa cells (P <0.01,
Figure 4a). Second, a series of experiments
was carried out to confirm that HOXB-AS3
silencing could be restored via co-
introduction of anti-miR-498-5p. The
CCK-8 assays showed that the OD values
at 450 nm were relatively higher in cells
co-transfected with si-HOXB-AS3 and
anti-miR-498-5p compared with cells trans-
fected with si-HOXB-AS3 alone (P <0.01,
Figure 4b). The colony formation assays
showed that colony forming ability was
partially regained in cells co-transfected
with si-HOXB-AS3 and anti-miR-498-5p

(P<0.01, Figure 4c). The flow cytometry
results showed that apoptosis was relieved
after cells were co-transfected with si-
HOXB-AS3 and anti-miR-498-5p (P < 0.01,
Figure 4d).

HOXB-AS3 promotes ADAM9 expression
by sponging miR-498-5p

A putative miR-498-5p binding site in the
ADAMY9 3" UTR was predicted using bio-
informatics software starBase v2.0. To
verify this binding site, dual-luciferase
reporter analysis was used to show that
the miR-498-5p mimic significantly inhib-
ited the luciferase activity of ADAMY9 WT
but not ADAM9 MUT in Ishikawa cells
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inhibitor. (d) Relief of apoptosis on cells transfected with si-HOXB-AS3 + miR-498-5p inhibitor. **P < 0.05;

P < 0.001.

(Figure 5a). Morecover, ADAMY protein
expression was significantly reduced follow-
ing miR-498-5p overexpression (Figure 5b).
Silencing HOXB-AS3 reduced the expres-
sion of ADAMDY, but such reduction was
restored under the effect of a miR-498-5p
inhibitor (Figure 5¢). Furthermore, we eval-
uated the expression levels and function of
ADAMY in EC cells. ADAM9 had higher
expression in the three EC cell lines than in
ESCs (P <0.05, Figure 5d). ADAMY was
also upregulated in EC tissues (n = 30) com-
pared with adjacent healthy tissues (n = 30)
(P <0.05, Figure 5e and f). Kaplan—Meier
analysis suggested that the patients with EC
and higher (n=30) ADAMY expression
had shorter survival times than those
with lower (n=30) expression (P <0.05,
Figure 5g). Moreover, ADAM9 mRNA
expression was negatively correlated with

miR-498-5p  expression  (R*=0.2436,
P <0.0001) (Figure 5h), but positively cor-
related with HOXB-AS3 in EC tissues
(R*=0.3185, P<0.0001) (Figure 5i). In
addition, the impact of ADAM9 on EC
cell growth and apoptosis was detected by
loss-of-function assays. After knockdown
of ADAMY in Ishikawa cells, ADAM9
expression decreased (Figure 5j), EC cell
viability also decreased (Figure 5k), and
EC cell apoptosis was significantly higher
(Figure 5I).

Discussion

Numerous IncRNAs and miRNAs have
been identified and reported to be dysregu-
lated in the carcinogenesis and tumor pro-
gression processes.”> A newly identified
IncRNA, HOXB-AS3, has been reported
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Figure 5. ADAM9 is targeted by miR-498-5p in endometrial carcinoma (EC) cell lines. (a) A miR-498-5p
binding site is present in the ADAM9 3’ untranslated region (3’ UTR), and miR-498-5p overexpression
inhibits the luciferase activity of ADAM9 WT. (b) Western blot analysis quantification showing ADAM9
protein levels after cell transfection with miR-498-5p mimic; miR-498-5p overexpression inhibits ADAM9
protein expression. (c) Western blot analysis quantification showing ADAM9 protein levels after cell
transfection with si-HOXB-AS3 and anti-miR-498-5p; miR-498-5p inhibitor treatment restores ADAM9
protein expression. (d and e) Upregulation of ADAM9 in three EC cell lines EC tissues, as measured by
RT-gPCR assays. (f) ADAM9 expression in EC tissues, as determined by immunohistochemistry assays.

(g) Overexpression of ADAMS9 is associated with lower survival in patients with EC. (h) Negative correlation
between ADAM9 and miR-498-5p in EC tissues (R =0.2436, P < 0.0001). (i) Positive correlation between
ADAM9 and HOXB-AS3 in EC tissues (R =0.3185, P < 0.0001). (j) Downregulation of ADAM9 measured
by qRT-PCR assays in Ishikawa cells after ADAM9 knockdown. (k) The viability of ADAM9 knockdown cells,
as detected by CCK-8 assays. (I) Apoptosis of ADAM9 knockdown cells quantified by flow cytometry.
**P < 0.05; **kP < 0.001.
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in several different cancers. Zhuang et al.*
discovered that HOXB-AS3 is overex-
pressed in epithelial ovarian cancer (EOC)
tissues and cells, and also showed that
HOXB-AS3 acts as an oncogene through
the Wnt/f-catenin signaling pathway. The
authors also demonstrated that silencing
HOXB-AS3 can inhibit EOC cell prolifera-
tion and invasion. This study suggested that
there may be a potential correlation
between HOXB-AS3 and the progression
of EC. In our study, we observed that
HOXB-AS3 and ADAMY were significant-
ly overexpressed in both EC tissues and cell
lines (Figure 1b, ¢, and Figure 5d-f). The
loss-of-function study also showed that
both  HOXB-AS3  knockdown and
ADAMY9 knockdown could reduce EC cell

proliferation and promote apoptosis
(Figure 2a—d, and Figure 5j-1).
MiRNAs are important post-

transcriptional regulators of gene expres-
sion. Interestingly, IncRNAs can serve as
miRNA sponges to suppress their expres-
sion.** Several previous studies have uncov-
ered a role for miR-498-5p in the
progression of various tumors, where it
acts as a tumor suppressor in ovarian
cancer cells and esophageal squamous cell
carcinoma cells.’®*>% Shen et al.*™® proved
that miR-498-5p is directly targeted by
IncRNA AFAP1 antisense RNA 1
(AFAPI-AS1) in esophageal squamous
cell carcinoma cells and showed that
AFAPI1-AS1 downregulates miR-498-5p
expression by competitively binding to
this miRNA. To further understand the
mechanism of HOXB-AS3 in EC cells, we
identified a miR-498-5p binding site in
HOXB-AS3. We showed that miR-498-5p
was downregulated in EC cells and tissues
(Figure 3d, e), and its expression was nega-
tively correlated with HOXB-AS3 levels
(Figure 3f). This binding site was predicted
by LncBase and validated using dual-
luciferase reporter and RNA pull-down
assays (Figure 3a, b). Moreover, the

inhibitory effect of HOXB-AS3 knockdown
on cell proliferation and viability can
be restored via sponging miR-498-5p
(Figure 4c—d).

Finally, we identified ADAMY9 as a
target gene of miR-498-5p. As transmem-
brane proteins, the ADAM family of pro-
teins are key modulators for cell matrix
interactions and have both cell adhesion
and protease activities.*>*® Mazzocca
et al.? suggested that ADAM9 may play
an essential role for modulating tumor-
stromal interactions. Yin et al.*! discovered
that ADAMY expression is upregulated in
gastric cancer tissue and cells, and IncRNA
LINC00689 can promote ADAMY expres-
sion by sponging miR-526b-3p. In our
study, we found that overexpression of
miR-498-5p inhibits protein expression
levels of ADAMY9  (Figure 5b).
Additionally, silencing HOXB-AS3 also
reduced the protein levels of ADAMO,
and this inhibitory impact of HOXB-AS3
knockdown on ADAMY9 expression can be
restored by using a miR-498-5p inhibitor
(Figure Sc).

Conclusion

Overall, this study shows that IncRNA
HOXB-AS3 is overexpressed in EC tissues
and cell lines. Interference with HOXB-AS3
expression can inhibit EC cell proliferation
and promote apoptosis. Furthermore,
silencing  HOXB-AS3 could upregulate
miR-498-5p expression but downregulate
ADAMY expression, indicating that
HOXB-AS3 can act as a sponge of miR-
498-5p to regulate ADAMSY. Therefore,
HOXB-AS3 could be used as a potential
biomarker for EC diagnosis and prognosis.
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