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1 | INTRODUCTION

Abstract

Mounting data have shown that long non-coding RNAs (IncRNAs) widely participate
in tumour initiation, development, progression and glycolysis in a variety of tumours.
However, the clinical prognosis and molecular mechanisms of TMEM161B-AS1
in oesophageal squamous cell carcinoma (ESCC) remain still unknown. Here,
TMEM161B-AS1 and HIF1AN were significantly lower in ESCC tissues than in nor-
mal samples, and their low expressions were both related to TNM stage, lymph node
metastasis and poor prognosis of ESCC patients. Functionally, TMEM161B-AS1 over-
expression or miR-23a-3p depletion suppressed the proliferation, invasion and gly-
colysis as well as reduced glucose consumption and lactate production in ESCC cells.
Mechanistically, TMEM161B-AS1 manipulated HIF1AN expression by competitively
sponging miR-23a-3p in ESCC cells. MiR-23a-3p mimic and HIF1AN siRNA partly
reversed cell phenotypes mediated by TMEM161B-AS1 in ESCC cells. Collectively,
TMEM161B-AS1, miR-23a-3p and HIF1AN may be tightly involved in ESCC devel-
opment and progression as well as patients’ prognosis, and TMEM161B-AS1/miR-
23a-3p/HIF1AN signal axis may be a promising target for the treatment of ESCC

patients.
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Henan Province, China.”® Although a great number of therapeutic

strategies have been developed for ESCA patients, the overall five-

Oesophageal cancer (ESCA) is the sixth worst prognosis and the
eighth most frequent occurring tumour with high aggressiveness
and poor survival in the world.>* The two main histological subtypes
of ESCA are oesophageal adenocarcinoma (EAC) and oesophageal
squamous cell carcinoma (ESCC),” and ESCC is still the predominant
histological type of ESCA worldwide, accounting for more than 80%
of all ESCA cases.® ESCC is highly prevailing in Asia, especially in

year survival rate is still far from satisfactoryf?*10 Thus, considering
the high morbidity and mortality of ESCA, it is badly in need to seek
for new biomarkers for early diagnosis and prognostic determination
as well as therapeutic strategies for ESCA patients.

Recently, long non-coding RNAs (IncRNAs) have been identi-
fied to be involved in tumorigenesis.* LncRNAs as a class of non-
coding RNAs are more than 200 nucleotides in length, but be lack
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of protein-coding probability, and are widely implicated in regu-
lation of gene expression at three different levels, including tran-
scriptional level, post-transcriptional level and epigenetic level.1213
Functionally, IncRNAs manipulated multiple different complex
biological processes by various molecular mechanisms, such as
sponging of microRNAs (miRNAs), alternative splicing, recruitment
of chromatin-related proteins and the regulation of gene transcrip-
tion.2**” Clinically, many IncRNAs have been shown to be underlying
diagnostic and prognostic biomarkers in a majority of different type
tumours.'®2! Metabolically, many IncRNAs are considered to be im-
portant for tumour cells to survive and grow by altering glucose and
lipid metabolisms.??® These data highlighted the biological signifi-
cance and clinical value of IncRNAs in a variety of tumours, and thus,
IncRNAs and its related regulatory pathways may be novel therapeu-
tic strategies for tumour patients.

Currently, TMEM161B-AS1 has been verified to be poor ex-
pression in endometrial cancer cell HEC-50 derivatives exhibiting
high invasive ability,?” implying its close association with tumour
invasion. However, the functions and exact molecular mechanisms
of TMEM161B-AS1 in ESCC are not well defined. In this study, the
TMEM161B-AS1 expression patterns in ESCC tissues and cells were
detected, and its biological functions in cell proliferation, invasion
and glycolysis were confirmed by gain of function (GOF) and loss
of function (LOF). Mechanistically, TMEM161B-AS1 served as a mo-
lecular sponge by absorbing miR-23a-3p, a vital tumour oncogene
that promotes ESCC proliferation, invasion and glycolysis by directly
targeting HIF1AN and glycolysis-related proteins. Collectively,
our data highlighted the essential glycolysis-related signal axis
TMEM161B-AS1/miR-23a-3p/HIF1AN that reprograms ESCC glu-
cose metabolism, and thus, targeting this signal axis may be a prom-
ising strategy for the treatment of ESCC patients.

2 | MATERIALS AND METHODS
2.1 | Tissue samples and cell lines

ESCC tissues and paired normal samples were obtained from 63
cases of patients who underwent curative surgery, which was ap-
proved by the Research and Ethics Committee of Henan Provincial
People's Hospital (No. 202131). All tissue samples were examined
by H&E staining and were confirmed as ESCC by experienced pa-
thologists. Informed consents of all ESCC samples were obtained
from each patient in this study. Clinicopathological features were
as follows: 260 years old, 44 cases, <60 years old, 19 cases; male,
41 cases, female, 22 cases; superficial layer, 27 cases, deep layer,
36 cases; high/medium differentiation, 32 cases, poor differentia-
tion, 31 cases; TNM stage | + I, 28 cases, IlI+1V, 35 cases; lymph
node metastasis, 26 cases; and without lymph node metastasis, 37
cases. Human ESCC cell lines including Ecal09, KYSE30, KYSE70,
KYSE150 and KYSE450 as well as Het-1A (normal oesophageal epi-
thelial cell) were purchased from the Chinese Academy of Sciences
Cell Bank, and all cell lines above were cultured in RMPI 1640

medium harbouring 10% foetal bovine serum (Gibco, Invitrogen) in a
humidified incubator harbouring 5% CO,.

2.2 | Bioinformatics assay

TMEM161B-AS1 and miR-23a-3p levels were investigated by
StarBase v3.0 online tool, a web-based tool for searching for expres-
sion of non-coding RNA or coding RNA. The microarray expression
GEO data set related to ESCC (GSE43732) was downloaded from
the GEO database for investigation for miR-23a-3p expression. The
coding probability of TMEM161B-AS1 was predicted using online
tool CPAT from the website http://lilab.research.bcm.edu/cpat/. The
binding sites of miR-23a-3p in TMEM161B-AS1 transcript were pre-
dicted using DIANA-LncBase v2 online tool. TargetScan and miRDB
were performed to predict the possible downstream target genes of
miR-23a-3p.

2.3 | Vector construction and cell transfection

TMEM161B-AS1 siRNA#1, 2 and 3 were synthesized by Guangzhou
RiboBio Co., Ltd. Si-NC (negative control) was also purchased
from Guangzhou RiboBio Co., Ltd. pcDNA3.1 and pcDNAS3.1-
TMEM161B-AS1 and pcDNA3.1-HIFLIAN were constructed by
TSINGKE Biological Technology. HIF1AN siRNA was purchased from
Santa Cruz Company. Mimics and inhibitors of miR-23a-3p and NC
were all purchased from GenePharma Company (GenePharma). ESCC
cells were transfected using Lipofectamine™ 3000 (Invitrogen) ac-
cording to the manufacturer's instruction. Briefly, a total of 5 x 10°
ESCC cells were seeded into each well in a 6-well plate and trans-
fected with siRNAs (100 nmol/L) or pcDNA3.1-related plasmids (ap-
proximately 2pg) upon reaching about 80% confluence. The related
experiments except for proliferation assay at indicated time-points

were determined 48 hours after transfection.

2.4 | Real-time quantitative PCR (qRT-PCR)

For gRT-PCR assay of HIFIAN and TMEM161B-AS1 levels, total
RNA was extracted by TRIzol reagent (Invitrogen) as described in
the manufacturer's protocol. qRT-PCR was carried out by Quant
one step qRT-PCR kit (SYBR Green, FP303) (Tiangen Biotech) on
an ABI 7500 machine (Applied Biosystems) using the following
primers (TMEM161B-AS1 F: 5-AGCTGATGTGACGTGGCAAT-3,
R: 5-GGCAGCACAGTCTTTCATCC-3', length: 213bp; HIF1AN
F: 5-TGAGAATGAGGAGCCTGTGGT-3', R 5-TGTTGGACCTCG
GCTTAAAGT-3', length: 191bp; GAPDH-F: 5-GGGAGCCAAA
AGGGTCATCA-3; GAPDH-R 5-AGTGATGGCATGGACTGTGG-3',
length: 205bp). For miR-23a-3p assay, cDNA was obtained by the
miRcute Plus miRNA First-Strand cDNA Kit (Tiangen Biotech,
Beijing). The miR-23a-3p level was investigated using the miRcute
Plus miRNA gPCR Kit (SYBR Green) (Tiangen Biotech) using the
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following specific forward primers along with the reverse primers
in the kit (miR-23a-3p F: 5-ATCACATTGCCAGGGATTTCC-3'; U6-
F: 5-CTCGCTTCGGCAGCACA-3'), and U6 was used as internal
control.

2.5 | Cell proliferation assay

Cell proliferation of Ecal09 and KYSE30 cells was performed as de-
scribed in the manufacturer's protocol, and the experiment was con-
ducted in triplicate. Briefly, ESCC cells (2000 cells/well) were added to
96-well plate. At 24, 48, 72 and 96 hours, the Cell Counting Kit-8 (CCK-
8) (Beyotime Biotech) was applied to each experimental well, and ab-
sorbance value (450nm) was determined in a microplate reader (Thermo

Scientific).

2.6 | Cellinvasion assay

The Transwell assay was employed to examine cell invasion of ESCC cells
using Transwell chamber harbouring Matrigel (BD Biosciences). Briefly,
Eca109 and KYSE30 cells (1 x 10°) were added to the upper layer of cham-
ber, and the underlayer of chamber was covered by 20% FBS. Rinsing two
times using PBS buffer, invasive cells were fixed using methanol (about
800 pL) for 20 minutes and then 0.1% of crystal violet was utilized to stain
the invasive cells for 20 minutes 48 hours after transfection. Finally, the

pictures were taken under the field of 200x magnification.

2.7 | Glucose uptake and lactate production assays

Glucose assay kit (Shanghai Rongsheng Biotech Co., Ltd) and lactate
assay kit (Nanjing Jiancheng Bioengineering Institute) were used
to determine the glucose consumption and lactate production ac-
cording to the manufacturer's instructions, respectively. All data ob-

tained were normalized to protein quantitative values.

2.8 | Subcellular fractionation

The nuclear RNA and cytoplasmic RNA were extracted by cell nucleus
and cytoplasm RNA isolation kit (Beibei, Biotech, Co., Ltd) according
to the manufacturer's instruction. Subsequently, qRT-PCR was uti-
lized to determine the gene expression using TMEM161B-AS1, U6
and GAPDH specific primers.

2.9 | Fluorescence in situ hybridization (FISH)

TMEM161B-AS1 probe was synthesized and labelled using Cy3 by
GenePharma Company. For FISH assay, Ecal09 and KYSE3O0 cells

were grown in 24-well plates with glass coverslips for 24 hours.
After immobilization and permeabilization, Ecal109 and KYSE30
cells were hybridized with 20 pmol/L Cy3-labelled TMEM161B-AS1
probe, and 6-diamidino-2-phenylindole (DAPI) was used to stain
cell nuclei of ESCC cells. The images were observed with a flores-

cent microscope.

2.10 | Dual-luciferase reporter assay

The interaction of miR-23a-3p with TMEM161B-AS1 or HIF1AN was
performed using the dual-luciferase reporter assay system in Eca109
and KYSE30 cells. The plasmids pmirGLO-TMEM161B-AS1-wild-
type (pmirGLO-TMEM161B-AS1-WT) and pmirGLO-TMEM161B-
AS1-mutation  (pmirGLO-TMEM161B-AS1-MUT) as well as
pmirGLO-HIF1IAN-WT and pmirGLO-HIFIAN-MUT (TSINGKE
Biological Technology) along with miR-23a-3p mimic and NC mimic
were transfected into ESCC cells using LipofectamineTM 3000, re-
spectively. The Dual-Luciferase Reporter Assay System (Promega)
was used to determine the luciferase activity 48h after transfection

as described in the manufacturer's protocol.

2.11 | RNA immunoprecipitation (RIP)

RNA-binding protein immunoprecipitation kit was purchased from
Millipore Company. RIP experiment was performed in ESCC cells ac-
cording to the manufacturer's protocol. Briefly, RIP lysates were iso-
lated from Ecal09 and KYSE3O0 cells treated with miR-23a-3p mimic
or NC mimic and then were applied to immunoprecipitation using
either 5pl of anti-Ago2 antibody or 5pl of a normal mouse I1gG using
RNA-binding Protein Immunoprecipitation Kit. The TMEM161B-AS1
and miR-23a-3p enriched on beads was determined by gRT-PCR

using corresponding specific primers.

2.12 | Western blot

Total proteins were obtained using RIPA lysis (Solarbio) from ESCC
cells, and Bradford method was utilized to determine the protein
concentration. The separation of the proteins was performed using
SDS-PAGE and then was transferred to PVDF membrane (Millipore
Corporation). After blocking with skimmed milk, the primary an-
tibodies against HIF1AN (ab227550, 1:500), HIF-1a (ab51608,
1:200), HK2 (ab227198, 1:5000), PFKM (ab154804, 1:1000),
LDHA (ab101562, 1:1000) and B-actin (ab8227, 1:1000) (Abcam)
were applied to PVDF membrane (Roche, Switzerland) overnight at
room temperature (RT). Then, the secondary antibody (ZSGB-BIO)
was incubated with PVDF membrane. Finally, the protein signal
was developed using enhanced chemiluminescence (ECL) reagent
(Beyotime).
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2.13 | Statistical assay (SD). Spearman was used to investigate the non-parametric data,

and Pearson was performed to analyse the parametric data. Log-
GraphPad Prism v8.0 software was performed to examine all experi- rank test was used to determine the statistical difference of sur-
mental data. All data were expressed as mean +standard deviation vival, and survival curves were drawn using Kaplan-Meier. For the
A
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FIGURE 1 Reduced expressions of TMEM161B-AS1 and HIF1AN in ESCC tissues and their associations with prognosis of ESCC patients.
A, StarBase v3.0 online tool was performed to investigate the TMEM161B-AS1 expression in 162 cases of ESCA samples and 11 normal
samples. B, qRT-PCR assay for the TMEM161B-AS1 expression in 63 cases of ESCC samples and paired normal samples. C, The expression
of TMEM161B-AS1 in ESCC samples with | + Il stage and Il + IV stage. D, The expression of TMEM161B-AS1 in ESCC samples with lymph
node metastasis and without lymph node metastasis. E, Log-rank test was used to determine the association of TMEM161B-AS1 expression
with the prognosis of ESCC patients. F, qRT-PCR assay for the HIF1AN expression in 63 cases of ESCC samples and paired normal samples.
G, The expression of HIFLAN in ESCC samples with | + Il stage and Ill + IV stage. H, The expression of HIFLAN in ESCC samples with lymph
node metastasis and without lymph node metastasis. |, Log-rank test was used to determine the association of HIFLIAN expression with

the prognosis of ESCC patients. J, StarBase v3.0 online tool was carried out to examine the correlation of TMEM161B-AS1 expression with
HIF1AN expression in 162 cases of ESCA samples. K, Pearson correlation assay was performed to detect the correlation of TMEM161B-AS1
expression with HIF1LAN expression in 63 cases of ESCC tissues. **P < .01, ***P < .001 and ****P < .0001, indicating statistical significance

FIGURE 2 TMEM161B-AS1 suppresses the proliferation, invasion and glycolysis of ESCC cells. A, qRT-PCR was performed to investigate
the expression of TMEM161B-AS1 in a panel of ESCC cells (Eca109, KYSE30, KYSE70, KYSE150 and KYSE450) and normal oesophageal
epithelial cell Het-1A. B, Three siRNAs against TMEM161B-AS1 significantly down-regulated the expression of TMEM161B-AS1 in Ecal109
and KYSE3O cells at 48 h after transfection. C, pcDNA3.1-TMEM161B-AS1 promoted the expression of TMEM161B-AS1 in Ecal09 and
KYSE3O cells at 48 h after transfection. D, TMEM161B-AS1 overexpression significantly suppressed cell proliferation in Ecal09 and
KYSE3O0 cells at indicated time-points. E, TMEM161B-AS1 knockdown markedly promoted cell proliferation in Eca109 and KYSE3O0 cells at
indicated time-points. F and G, TMEM161B-AS1 up-regulation inhibited cell invasion in Ecal09 and KYSE3O0 cells at 48 h after transfection,
bar = 50 pm. H and |, TMEM161B-AS1 depletion enhanced cell invasion in Ecal09 and KYSE3O0 cells at 48 h after transfection, bar = 50 um.
J, TMEM161B-AS1 overexpression suppressed glucose consumption and lactate production in Ecal09 and KYSE3O cells at 48 h after
transfection. K, TMEM161B-AS1 knockdown promoted glucose consumption and lactate production in Eca109 and KYSE3O0 cells at

48 h after transfection. L and M, TMEM161B-AS1 overexpression elevated HIF1AN expression, but reduced the expressions of HIF-1«,
HK2, PFKM and LDHA in Ecal09 and KYSE3O0 cells at 48 h after transfection. N and O, TMEM161B-AS1 depletion suppressed HIF1AN
expression, but increased the expressions of HIF-1a, HK2, PFKM and LDHA in Ecal109 and KYSE3O0 cells at 48 h after transfection. *P < .05,
**P < .01, ***P < .001 and ****P < .0001, indicating statistical significance
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matched samples, the data were investigated using Wilcoxon signed
rank, and for non-matched samples, the data were compared by
Mann-Whitney test. The comparison between two groups was
determined using a Student's t test, the comparison of >3 groups
was determined using one-way ANOVA, and then, Bonferroni test
was selected for further statistical assay when data sets contain >3
groups. A P value less than .05 was considered to indicate a statisti-

cally significant difference.
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3 | RESULTS

3.1 | Reduced TMEM161B-AS1 and HIF1AN
expressions in ESCC tissues and their low expressions
predict poor prognosis of ESCC patients

To investigate the expressions of TMEM161B-AS1 and HIF1AN
in ESCC tissues and their clinic values, TCGA database and
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RT-PCR were employed to examine their levels in ESCC tissues.
TCGA database revealed that TMEM161B-AS1 was significantly
down-regulated in ESCA tissues (162 cases) compared with nor-
mal samples (11 cases) (P < .0001) (Figure 1A). Further gRT-
PCR assay demonstrated that TMEM161B-AS1 expression in 63
cases of ESCC samples was markedly lower than that in paired
63 cases of normal samples (P < .0001; Figure 1B). Furthermore,
TMEM161B-AS1 expression in ESCC patients with Ill and IV stage
as well as lymph node metastasis was dramatically lower than
that in ESCC patients with | and Il stage as well as without lymph
node metastasis (P < .01; Figure 1C,D). Importantly, ESCC patients
with high TMEM161B-AS1 expression displayed higher survival
rate, compared with those with low TMEM161B-AS1 expression
(Figure 1E). Besides, HIF1AN displayed the similar expression pat-
tern with TMEM161B-AS1 in ESCC tissues and ESCC tissues with
different TNM stage and differential metastatic status (Figure 1F-
H). Similarly, ESCC patients harbouring high HIFIAN expression
exhibited the higher survival rate than those with low HIF1AN ex-
pression (Figure 1l). The data from TCGA and gqRT-PCR revealed
that TMEM161B-AS1 presented positive correlation with HIF1AN
expression in ESCC samples (Figure 1J,K). These data suggest that
TMEM161B-AS1 and HIF1AN may participate in ESCC progres-
sion and may be a promising predictor for the prognosis of ESCC

patients.

3.2 | TMEM161B-AS1 suppresses cell proliferation,
invasion and glycolysis in ESCC cells

Given the essential role of TMEM161B-AS1 in ESCC progression
and metastasis, we next investigated the biological functions of
TMEM161B-AS1 in ESCC. Firstly, the endogenous expression of
TMEM161B-AS1 was determined in a panel of ESCC cell lines,
and Ecal09 and KYSE30 with relatively lower TMEM161B-AS1
level were selected for further functional assays (Figure 2A).
gRT-PCR siRNAs
TMEM161B-AS1 significantly down-regulated the expression
of TMEM161B-AS1 in Ecal09 and KYSE30 cells (Figure 2B),
whereas pcDNA3.1-TMEM161B-AS1 markedly promoted the
expression of TMEM161B-AS1 in Ecal09 and KYSE30 cells
(Figure 2C). CCK-8 experiment showed that TMEM161B-AS1
overexpression extremely inhibited the proliferation of ESCC

assay demonstrated that against

cells (Figure 2D), whereas TMEM161B-AS1 depletion pro-
moted the proliferation of ESCC cells (Figure 2E). Moreover,
TMEM161B-AS1 overexpression evidently suppressed cell
invasion of Ecal09 and KYSE30 cells (Figure 2F,G), whereas
TMEM161B-AS1 knockdown dramatically enhanced cell inva-
sion of Ecal09 and KYSE30 cells (Figure 2H,l). Collectively,
these data imply that TMEM161B-AS1 functions as tumour sup-
pressor in ESCC.

Considering the correlation of TMEM161B-AS1 function
with HIF1AN, we further investigated the biological function of
TMEM161B-AS1 in ESCC glycolysis. We found that TMEM161B-AS1
overexpression inhibited glucose consumption and lactate production
in Eca109 and KYSE3O0 cells (Figure 2J), whereas TMEM161B-AS1
down-regulation promoted glucose consumption and lactate pro-
duction in Eca109 and KYSE30 cells (Figure 2K). To further dissect
the possible molecular mechanisms of TMEM161B-AS1 implicated in
ESCC glycolysis, we performed the Western blot assay for investiga-
tion of the expressions of glycolysis-related proteins. We found that
TMEM161B-AS1 overexpression promoted the expression of HIF1AN,
but suppressed the expressions of HIF-1a, HK2, PFKM and LDHA in
Ecal09 and KYSE3O0 cells (Figure 2L,M), and converse data were ob-
tained when TMEM161B-AS1 was depleted in Ecal09 and KYSE30
cells (Figure 2N,0). These findings suggest that TMEM161B-AS1 plays
a key regulatory role in ESCC glycolysis.

3.3 | TMEM161B-AS1 functions as competitive
endogenous RNA (ceRNA) by absorbing miR-23a-3p
in ESCC cells

The coding probability of TMEM161B-AS1 was predicted using
online tool CPAT (http://lilab.research.bcm.edu/cpat/), and the
data revealed that TMEM161B-AS1 had no protein-coding po-
tential (Figure 3A). Subsequently, the subcellular localization
of TMEM161B-AS1 was determined using nuclear-cytoplasmic
fractionation, and we found that TMEM161B-AS1 was appeared
in both cell nuclear and cytoplasm of Ecal09 and KYSE30, but
mainly appearing in cytoplasm (Figure 3B), which was further veri-
fied by FISH experiment in Ecal09 and KYSE3O0 cells (Figure 3C),
implying its complex and diversity of function. To predict the
underlying targets of TMEM161B-AS1, LncBase Experimental
v.2 was performed to determine the possible binding sites

FIGURE 3 TMEM161B-AS1 acts as ceRNA by sponging miR-23a-3p in ESCC cells. A, CPAT online tool (http://lilab.research.bcm.edu/
cpat/) was performed to predict the coding probability of TMEM161B-AS1. B, Nuclear-cytoplasmic fractionation was used to determine

the subcellular localization of TMEM161B-AS1 in Ecal09 and KYSE3O cells. C, Subcellular localization of TMEM161B-AS1 in Ecal09 and
KYSE3O cells investigated by FISH experiment; TMEM161B-AS1 is labelled by Cy3 (red), and nuclei are stained with DAPI (blue). D, LncBase
Experimental v.2 was performed to predict miR-23a-3p binding sites in the TMEM161B-AS1 transcript. E, The dual-luciferase reporter assay
system was conducted to determine the interaction of miR-23a-3p with TMEM161B-AS1 in Eca109 and KYSE3O cells. F, Relative enrichment
of TMEM161B-AS1 in RIP using anti-Ago2 antibody in Eca109 and KYSE3O0 cells, and the fold enrichment of TMEM161B-AS1 normalized

to 1gG as negative control. G, Relative enrichment of miR-23a-3p in RIP using anti-Ago2 antibody in Eca109 and KYSE3O0 cells, and the fold
enrichment of miR-23a-3p normalized to IgG as negative control. H, Relative enrichment of TMEM161B-AS1 in Ecal09 and KYSE3O0 cells
transfected with miR-23a-3p mimic or NC mimic. I, gRT-PCR assay for miR-23a-3p level in Ecal09 and KYSE3O0 cells transfected with si-NC
or TMEM161B-AS1 siRNA#1. J, qRT-PCR assay for miR-23a-3p level in Ecal109 and KYSES3O cells transfected with pcDNA3.1 or pcDNAS.1-
TMEM161B-AS1. ***P < .001 and ****P < .0001, indicating statistical significance
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miRNA in TMEM161B-AS1 transcript. We found the tran-
script of TMEM161B-AS1 had the binding site of miR-23a-3p

(Figure 3D). To validate this predictive result, we then carried out

dual-luciferase reporter experiment to verify the possible binding
of TMEM161B-AS1 and miR-23a-3p in ESCC cells. We found miR-
23a-3p significantly reduced the luciferase activity in Ecal09 and
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KYSE30 cells transfected with TMEM161B-AS1 WT vector, but
not in TMEM161B-AS1 MUT vector, suggesting that miR-23a-3p
is a direct target of TMEM161B-AS1 (Figure 3E). Further RIP ex-
periment revealed that relative level of TMEM161B-AS1 and miR-
23a-3p in anti-Ago2 antibody group were obviously enhanced
compared to IgG group (Figure 3F,G). Furthermore, the relative
enrichment of TMEM161B-AS1 in miR-23a-3p mimic group was
markedly enhanced, compared with NC mimic group (Figure 3H).
Meanwhile, TMEM161B-AS1 silencing significantly promoted
miR-23a-3p expression in Ecal09 and KYSE30 cells, whereas
TMEM161B-AS1 overexpression dramatically suppressed miR-
23a-3p expression in Eca109 and KYSE3O0 cells (Figure 31,J). These
data imply that TMEM161B-AS1 functions as ceRNA to manipu-
late miR-23a-3p level in ESCC cells.

3.4 | Enhanced miR-23a-3p expression in ESCC
tissues and its high expression predicts poor
prognosis of ESCC patients

To further investigate the expression pattern of miR-23a-3p in
ESCC tissues, TCGA database, GEO data set and gqRT-PCR were
employed to detect its expression and clinic value in ESCC. The
data derived from TCGA and GEO data set GSE43732 revealed
that ESCA tissues displayed higher miR-23a-3p level than normal
samples (Figure 4A,B), which was further validated by qRT-PCR in
63 cases of ESCC tissues and paired normal samples (Figure 4C).
Further investigation revealed that the expression of miR-23a-3p
was not associated with ESCC patients’ gender, age, invasion
depth and differentiation degree (Figure 4D-G), but tightly cor-
related with TNM stage and lymph node metastasis (Figure 4H.,1).
Importantly, high miR-23a-3p level predicted poor prognosis of
ESCC patients (Figure 4J). These data suggest that miR-23a-3p
may be implicated in ESCC progression and may be new prognos-
tic factor for ESCC patients.

3.5 | miR-23a-3p down-regulation suppresses the
proliferation and invasion of ESCC cells

To preliminarily dissect the underlying functions of miR-23a-3p in
ESCC cells, CCK-8 kit and Transwell experiments were performed to
investigate the effects of miR-23a-3p on the proliferation and inva-
sion of ESCC cells. We firstly detected the expression of miR-23a-3p
in a series of ESCC cells, and the results revealed that ESCC cells ex-
hibited the higher miR-23a-3p level than normal oesophageal epithe-
lial cell Het-1A, in which Eca109 and KYSE30 displayed the relative
higher miR-23a-3p level (Figure 5A). Besides, miR-23a-3p inhibitor
significantly suppressed the expression of miR-23a-3p in Ecal09
and KYSE3O0 cells (Figure 5B), whereas miR-23a-3p mimic markedly
promoted the expression of miR-23a-3p in Ecal09 and KYSE30 cells
(Figure 5C). Functionally, miR-23a-3p depletion dramatically sup-
pressed the proliferation of Ecal09 and KYSE30 cells (Figure 5D);

conversely, miR-23a-3p overexpression extremely promoted the pro-
liferation of Ecal09 and KYSE3O cells (Figure 5E). Transwell experi-
ment demonstrated that miR-23a-3p knockdown evidently blocked
the invasion of Eca109 and KYSE3O0 cells (Figure 5F,G), whereas miR-
23a-3p up-regulation obviously promoted cell invasion of Ecal09 and
KYSE3O cells (Figure 5H,l). These data indicate that the suppression
of miR-23a-3p expression may be a novel therapeutic strategy of
ESCC patients.

3.6 | miR-23a-3p promotes the glycolysis of ESCC
cells by suppressing HIFLIAN

To unveil the possible molecular mechanisms of miR-23a-3p in the
glycolysis of ESCC cells, we firstly examined the possible downstream
target of miR-23a-3p using online tool TargetScan. We found that
HIF1AN 3'-UTR region harboured the binding site of miR-23a-3p
(Figure 6A). To validate the predictive result, dual-luciferase reporter
experiment revealed miR-23a-3p could bind to the 3'-UTR region in
HIF1AN transcript in Ecal109 and KYSE3O0 cells (Figure 6B), suggest-
ing HIF1AN is a direct downstream target gene of miR-23a-3p. In ad-
dition, miR-23a-3p level exhibited negative correlation with HIF1AN
level in 63 cases of ESCC samples (Figure 6C). To verify the regulatory
correlation of miR-23a-3p and HIF1AN, we found that miR-23a-3p in-
hibitor significantly up-regulated the expression of HIF1AN in Eca109
and KYSE3O0 cells (Figure 6D), whereas miR-23a-3p mimic obviously
down-regulated HIF1AN level in Eca109 and KYSE3O0 cells (Figure 6E).
Importantly, miR-23a-3p inhibitor reduced glucose consumption and
lactate production in Eca109 and KYSE3O0 cells (Figure 6F,G), whereas
miR-23a-3p mimic enhanced glucose consumption and lactate pro-
duction in Eca109 and KYSE3O0 cells (Figure 6H,I). To further uncover
the possible molecular mechanisms of miR-23a-3p in ESCC glyco-
lysis, Western blot was performed to investigate the expressions of
glycolysis-related proteins. We found that miR-23a-3p depletion
promoted the expression of HIF1AN protein, but suppressed the ex-
pressions of HIF-1a, HK2, PFKM and LDHA proteins in Ecal09 and
KYSE30 cells (Figure 6J,K); conversely, miR-23a-3p up-regulation
restrained the expression of HIF1AN protein, but increased the ex-
pressions of HIF-1a, HK2, PFKM and LDHA proteins in Ecal09 and
KYSE30 cells (Figure 6J,K). These data suggest that miR-23a-3p
prompts glycolysis by inhibiting HIFIAN expression and promoting
the expressions of glycolysis-related proteins in ESCC cells.

3.7 | TMEM161B-AS1 exerts biological functions in
miR-23a-3p- or HIF1IAN-dependent manner

Combined with the data obtained above, we hypothesized that
TMEM161B-AS1 mediated the suppressions of cell proliferation,
invasion and glycolysis was dependent on miR-23a-3p and HIF1AN
level in ESCC cells. To this end, pcDNA3.1-TMEM161B-AS1 com-
bined with miR-23a-3p mimic or HIF1AN siRNA and TMEM161B-AS1
siRNA along with miR-23a-3p inhibitor or pcDNA3.1-HIF1AN were
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tool was performed to investigate the miR-23a-3p expression in 162 cases of ESCA samples and 11 normal samples. B, GEO data set

GSE43732 was performed to the expression of miR-23a-3p in 119 cases
to determine the expression of miR-23a-3p in 63 cases of ESCC samples

of ESCC samples and paired normal samples. C, gRT-PCR was used
and paired normal samples. D-I, The expression of miR-23a-3p in

ESCC samples with different clinicopathological features including gender, age, invasive depth, differentiation degree, TNM stage and lymph
node metastasis. J, Log-rank test was used to determine the association of miR-23a-3p expression with the prognosis of ESCC patients. ns
indicating no significance. ****P < .0001, indicating statistical significance

applied to rescue experiment. The results revealed that the suppres-
sion of cell proliferation, invasion, glucose consumption and lactate
production and HFI1AN up-regulation and the down-regulations
of HIF-1a, HK2, PFKM and LDHA evoked by TMEM161B-AS1
overexpression were partly reversed by miR-23a-3p mimic or
HIF1AN siRNA (Figure 7A-G). Converse data were obtained when
TMEM161B-AS1 siRNA was combined with miR-23a-3p inhibitor or
pcDNA3.1-HIF1AN (Figure 7H-N). Collectively, these findings sug-
gest that TMEM161B-AS1 is implicated in the regulation of cell pro-
liferation, invasion and glycolysis by targeting miR-23a-3p/HIF1AN
signal axis (Figure 8).

4 | DISCUSSION

Oesophageal cancer is a complex disease that elicits a heavy

society burden due to high mortality and poor prognosis.?® The

dissection of molecular mechanisms of ESCA pathogenesis and the
discovery of new molecular targets are drastically critical for ESCA
patients. Accumulating evidence has highlighted the pivotal regu-
latory roles of IncRNAs in ESCC progression, and many IncRNAs
may be potential biomarkers for the prognosis of ESCC patients.?”"
33 In this study, we highlighted the roles of TMEM161B-AS1 in
ESCC development, progression and prognosis and demonstrated
that TMEM161B-AS1 blocked cell proliferation, invasion and gly-
colysis of ESCC cells by absorbing miR-23a-3p to enhance HIF1AN
expression, further eliciting the inhibition of glycolysis-related
proteins. Our current evidence suggests that TMEM161B-AS1/
miR-23a-3p/HIF1AN signal axis may be a new target for the treat-
ment of ESCC patients.

Initially, we found that TMEM161B-AS1 and HIF1AN was
presented as low expression in both ESCC tissues and cells.
TMEM161B-AS1 has been verified to be down-regulated in high ag-

gressive endometrial cancer cell line,?” implying its close association
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with tumour metastasis. HIF1AN is an asparaginyl hydroxylase,
which is implicated in the regulation of HIF signalling.>* HIF1AN
suppresses the transactivation of HIF via hydroxylation of HIF-1a
at Asn 803 site.®® HIF1AN depletion enhances glycolysis by acti-
vating HIF,> further targeting glycolysis-related enzymes to en-
hance glycolysis and tumour glucose metabolism.*¢” Here, we
found TMEM161B-AS1 and HIF1AN expression were both related
to TNM stage and lymph node metastasis. It is noteworthy that

their low expressions predicted poor prognosis of ESCC patients.

More importantly, TMEM161B-AS1 expression displayed positive
correlation with HIF1AN in ESCC tissues, combined with previ-
ous reports about HIF1AN function, implying the potential role of
TMEM161B-AS1 in tumour glycolysis. To further test the hypothe-
sis, we performed the corresponding function experiments in ESCC
cells, we found that TMEM161B-AS1 overexpression suppressed
cell proliferation, invasion and glycolysis, coupled with increased
HIF1AN expression as well as reduced expressions of glycolysis-
related proteins HIF-1a, HK2, PFKM and LDHA, and converse data



SHIET AL W 6545
A B _ %10 NCmimic Ecat09 15910 NC mimic KYSE30
2 B miR-23a-3p mimic 2 I miR-23a-3p mimic
£ >
2 1. Z 1.2
5' -UAGUCAAUGCUGGGAAAUGUGAU-3’ HIF1AN 3’-UTR WT e 12 E
J—
3 = @ e I
T 2 0of =
3'.CCUUUAGGGACCGUUACACUA-5> miR-23a-3p & 2
o =3
2 0.6 kA i 0.6
o
5'-UCUGAUGCAGUGUGGUUACACUG-3’ HIFI1AN 3’-UTR MUT % % 03 *HXK
203 g 0.
& &
0 0.0
HIF1AN- 3'UTR WT HIF1AN- 3'UTR MUT HIF1AN- 3'UTR WT HIF1AN- 3'UTR MUT
C D E
2.0 . r=-0.578 P<0.0001 n=63 < 109 3 NC inhibitor < 1.21:3 NC mimic
° E B miR-23a-3p inhibitor . é B miR-23a-3p mimic T
S E g/ £
'ug) 1.5 z 8 A kK Z 09
8 z =
= o o
L 6 =
13 T I
; 1.0 s 5 0.6 Edkk
[ 4 °
< s 4 s T
L .54 ) 2 03
I = 2 24 s
K] 5
[ Q
00— 22 ° e = [ & 00
01 2 3 4 5 6 7 8 9 10 Eca109 KYSE30 Eca109 KYSE30
miR-23a-3p expression
F G H '
& 120903 NC inhibitor 120 £
< = OO NC inhibitc X 200 .
S |m mRzaasp ntr 2 e vstr Rl R i [
g o 5 100 —_ K * Kk =1 P sk Kk
£ 90 = B K
£ E £ 150 3 150 T—
c 3 2 3
H 60 *k ¥ s 2 £
60
2 kkk é . g 1001 —— 2 100 —_
§ § g
3 s 40 ] 8
o 30 e o S 50 2 50
2 = =
2 % 20 2 i}
: g 3 :
& &
Eca109 KYSE30 Eca109 KYSE30 Eca109 KYSE30 Eca109 KYSE30
K
J o o SO i 0579 NC inhibitor Feal®d 4 E ?..CR'"{;';'";.S inhibitor KYseso
ik W s . P P . miR-23a-3p inhibitor
_\9\“\;\& > ‘,135-’5? ',9\&\"“ : _7_’59‘3? &\c i _7:53'39 Mc . _7"53‘”’? - o 12
FOIT NY FOTT R O B 3 04 2 0
H K
® [
— | | —— S e (W e | HIF1AN S : b i
g 0.2 £ ¢
— % *ok Kk ko g 0.4
13
* — — A | | e | []F-]g < 01 o * 02
i 0.0 0.0
-_ = PR — | c—— HK2 HIFIAN HIF-la  HK2  PFKM  LDHA HIFIAN  HIF-ta  HK2  PFKM  LDHA
1073 NC mimic Ecal09 1599 NG mimic KYSE30
B miR-23a-3p mimic M miR-23a-3p mimic
— — | S — —— S | PFKM 208 242 *hkk *kkk
g . Shhi
K3 H sk ko
2 o6 209
S — || — -— - LDHA ¢ 3
£ 04 £06
]
.8 H
-— eEn | | —— > D | === e | (-actin @ 02 o 03
o ok ok
0.0 0
Ecal09 KYSE30 Ecal09 KYSE30 HIFIAN  HIF-la  HK2  PFKM  LDHA HIF1AN  HIF-la  HK2  PFKM  LDHA

FIGURE 6 miR-23a-6p promotes glycolysis by suppressing HIF1AN expression in ESCC cells. A, TargetScan online tool was performed to
predict the possible binding sites of miR-23a-3p in HIFLAN 3’-UTR transcript. B, The dual-luciferase reporter assay system was conducted
to determine the interaction of miR-23a-3p with HIFIAN 3-UTR in Ecal09 and KYSE3O0 cells. C, Pearson correlation assay was performed
to detect the correlation of miR-23a-3p expression with HIF1AN expression in 63 cases of ESCC tissues. D, miR-23a-3p inhibitor promoted
HIF1AN expression in Ecal09 and KYSE3O cells. E, miR-23a-3p mimic suppressed HIF1AN expression in Ecal09 and KYSE3O0 cells. F, miR-
23a-3p inhibitor suppressed glucose consumption in Ecal09 and KYSES3O0 cells. G, miR-23a-3p inhibitor suppressed lactate production in
Ecal09 and KYSE3O0 cells. H, miR-23a-3p mimic promoted glucose consumption in Ecal09 and KYSE3O0 cells. G, miR-23a-3p mimic improved
lactate production in Ecal09 and KYSE3O0 cells. J, The effects of miR-23a-3p down-regulation or up-regulation on glycolysis-related proteins
HIF1AN, HIF-1a, HK2, PFKM and LDHA in Ecal09 and KYSE3O0, and p-actin was used as loading control. K, The relative level of HIF1AN,
HIF-1a, HK2, PFKM and LDHA in Ecal09 and KYSE3O0 after treatment with miR-23a-3p inhibitor or mimic. **P < .01, ***P < .001 and

****P < .0001, indicating statistical significance

were obtained when TMEM161B-AS1 was depleted. These findings
suggest that TMEM161B-AS1 may be tightly associated with ESCC
glycolysis.

Accumulating evidence has demonstrated that IncRNA func-

tions as ceRNA by sponging miRNAs to enhance the expressions

of target genes, which will provide new insights into uncharacter-
ized IncRNAs.®® To further uncover the regulatory mechanisms
of TMEM161B-AS1 in ESCC cells, we conducted the localization
assay for TMEM161B-AS1 in ESCC cells by nuclear-cytoplasmic

fractionation and FISH experiment. Current data suggested that



SHI ET AL.

4
% | wiLEy

Ecatos

Absorbance (450nm)

0.0-
peoNAT1
PCONALLTMEMISIBASY - . . . peDNAL
miRZIadp mimic - . .
HIF1AN SIRNA - E N
pel
PpeDNA3.1 PpcDNA3.1-TMEMI61B-AS1

-+miR-23a-3p mimic

KYSE30

Absorbance (450nm)

00-
peoNAL

TMEMISIBAST - . . .
miR2aIpmimic - .

HEANSIRNA - : §

DNA3.1-TMEMI161B-AS1 pcDNA3.1-TMEMI161B-AS1

+HIF1AN siRNA

Ecatos wrseso
C -
£ w e
2 2
£ £
E E
H T
s w0 E
fa
R 2
o o
peonass - peonns1
peoNAS L THEMBAS1 - . P © povsimiemsisast - N % %
[ — ; ‘ [ s .
Eca109 F 120 K(3Ed0!
D £ 120 2
2w £
2w fa
g §
2 20
%0
2
PCONAZA  + pel
SRR . L ¥ peoNAS 1 THEIGTB AS! - . . p
[——— i . . [ . 5

Ecat0s

m
g

lactate production (%)

KYSES0

L 0-
s 1 PCONA3A
poNSITUEEIBAST - N : N PEDNA3.1-TMEMIGIB-AST - . . .
mR2s3pmimic - : .
mikzsadp mimic - : %
AN sRNA - E : .
WEANSRNA - 8 5 s
peDNA3L  + % - = + s
PcDNA3.I-TMEMIGIB-ASI - + + + R + + +
miR-23a-3p mimic - = + - - - + R
HIFIANSIRNA - - . + R . B 5,

KYSE30

THEN1SIB.AST SRNAHT - . . . THEMIGIBAST SRNAST - . . .
miR23a-3p inibitor - < . miR233p inhibitor - . .
PEONASTHIFIAN - . - . PEONAS1HEIAN , . .

TMEMIG61B-AS1 siRNA#1  TMEMI61B-ASI siRNA#1

(-

TMEM1GIBAST SiRNAST - . . .
miR23a.3p inhibior - S .
PEONALIHIFIAN w § .

A

1

Invasive coll numbers

si-NC

i

Ecatos

50

Invasive cell numbers

anc s

o glucose consumption (%)

TMEM1618-AS1 s

Rolative glucose consumption (%)

o
sne 4

+miR-23a-3p inhibitor

+pcDNA3.1-HIFIAN
B

sNe s

RNAn . . .

miR23a3p intibito - : .
PCONASTHFIAN - s : .

sNe e

e .+ e E— i 8 B
[ . ez - .
s - . % Fowe < 3 : 5
Eca109 KYSE30
L -
50
H
o
£ w
]
fo
£
& 0-
o
R . . R sz ot - . 3
$i-NC # - - - + - - -
TMEMI61B-AS1 siRNA#1 - + + + - + + +
‘miR-23a-3p inhibitor - - * - - - + -
pcDNA3.1-HIFIAN - - - + - - - +

L3 pcDNA3.1 B pcDNA31-TMEM161B-AS1  Ecal09
PcDNA3.1-TMEM161B-AS1+miR-23a-3p mimic

E pcDNA3.1-TMEM161B-AS1+HIF1AN SiRNA

Protein relative levels
Protein relative levels

HIF1AN  HIF-1a HK2

PFKM

LDHA

3 poDNA3.T BB pcDNA3.1-TMEM161B-AS1
PCDNA3.1-TMEM161B-AS1+miR-23a-3p mimic
£ pcDNA3. 1-TMEM161B-AST+HIF1AN SIRNA

HIF1AN  HIF-1a

KYSE30

e —— —— W— . sw— W | HIFIAN

I — — — W s w— | HIF-la

D o — — T — — — | HK2

PR S— S . S— — | PFKM

S — —— S S s LDHA

—— e m— A S -actin
Ecal09 KYSE30

N

Protein relative levels

e —— —

Ecal09

3.0100 siNC WM TMEM161B-AST SIRNA#1 Ecal09
TMEM161B-AS1 siRNA#1+miR-23a-3p inhibitor

2.5/ E3 TMEM161B-AS1 SIRNA#1+pcDNAS. 1-HIF1AN

M
HIF1AN

PFKM LDHA

KYSE30

Protein relative levels

HIF1AN  HIF-1a

KYSE30

HIFIAN

HIF-1a

HK2

PFKM

LDHA

B-actin



SHI ET AL.

WILEY--%7

FIGURE 7 miR-23a-3p mimic and HIF1AN siRNA reversed the suppression function of TMEM161B-AS1 in ESCC cells. A, miR-23a-3p
mimic and HIF1AN siRNA reversed the proliferation suppression of TMEM161B-AS1 in Ecal09 and KYSE3O cells at 48 h after transfection.
B and C, miR-23a-3p mimic and HIF1AN siRNA reversed the invasion suppression of TMEM161B-AS1 in Ecal09 and KYSE3O0 cells at 48 h
after transfection, bar = 50 pm. D, miR-23a-3p mimic and HIF1AN siRNA reversed the suppression of glucose consumption mediated by
TMEM161B-AS1 in Ecal09 and KYSES3O cells at 48 h after transfection. E, miR-23a-3p mimic and HIF1AN siRNA reversed the suppression
of lactate production evoked by TMEM161B-AS1 in Ecal09 and KYSE3O cells at 48 h after transfection. F and G, miR-23a-3p mimic and
HIF1AN siRNA reversed the promotion of HIF1AN and suppression of glycolysis-related proteins HIF-1a, HK2, PFKM, LDHA regulated

by TMEM161B-AS1 in Ecal09 and KYSE3O cells at 48 h after transfection. H, miR-23a-3p inhibitor and pcDNA3.1-HIF1AN reversed the
proliferation promotion of TMEM161B-AS1 siRNA#1 in Ecal09 and KYSE3O0 cells at 48 h after transfection. | and J, miR-23a-3p inhibitor and
pcDNA3.1-HIF1AN reversed the invasion promotion of TMEM161B-AS1 siRNA#1 in Eca109 and KYSE3O0 cells at 48 h after transfection,
bar = 50 pm. K, miR-23a-3p inhibitor and pcDNA3.1-HIF1AN reversed the increase of glucose consumption mediated by TMEM161B-AS1
siRNA#1 in Ecal09 and KYSE3O cells at 48 h after transfection. L, miR-23a-3p inhibitor and pcDNA3.1-HIF1AN reversed the increase

of lactate production evoked by TMEM161B-AS1 siRNA#1 in Ecal09 and KYSE3O0 cells at 48 h after transfection. M and N, miR-23a-3p
inhibitor and pcDNA3.1-HIF1AN reversed the down-regulation of HIFLAN and up-regulation of glycolysis-related proteins HIF-1a, HK2,
PFKM and LDHA regulated by TMEM161B-AS1 in Eca109 and KYSE3O cells at 48 h after transfection. *P < .05, **P < .01, ***P < .001 and

****P < .0001, indicating statistical significance

FIGURE 8 TMEM161B-AS1
suppresses cell proliferation, invasion and
glycolysis by manipulating miR-23a-3p/
HIF1AN signal axis. TMEM161B-AS1
exhibits the low level in ESCC tissues
and cells, and its overexpression inhibits
the expression of miR-23a-3p expression
in ESCC cells and further results in the
up-regulation of HIF1AN expression in
ESCC cells, which further triggers the
suppression of ESCC glycolysis
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TMEM161B-AS1 widely appeared in cell nucleus and cytoplasm of
ESCC cells, but mainly in cytoplasm, implying TMEM161B-AS1 may
function as ceRNA in ESCC cells. In general, cytoplasmic IncRNAs
usually exert ceRNA function to regulate the expressions of differ-
ent genes.®? Combined with the data of subcellular localization of
TMEM161B-AS1, online tool LncBase Experimental v.2 was used to
determine the possible binding sites of miRNA in TMEM161B-AS1
transcript, and miR-23a-3p was verified as a direct target of
TMEM161B-AS1 by dual-fluorescence reporter assay system and
Ago2-RIP experiment. These data imply that TMEM161B-AS1 func-
tions as ceRNA by manipulating miR-23a-3p level in ESCC cells.

To data, miR-23a-3p has been reported to be implicated in the
development, progression and prognosis in multiple different tu-
mour types. miR-23a-3p exhibited high expression in endoplasmic
reticulum-stressed hepatocellular carcinoma (HCC)-derived exo-
somes, and its high expression predicted poor prognosis of HCC
patients; mechanistically, miR-23a-3p regulated the expression
of PD-L1 via PTEN-AKT signalling pathway.*® In addition, miR-

23a-3p functioned as tumour oncogene in renal cell carcinoma, and

miR-23a-3p silence inhibited the proliferation and mobility in RCC
cells by targeting PNRC2.** Another evidence revealed miR-23a-3p
acted as tumour suppressor, its low expression predicted poor clini-
cal outcome, and miR-23a-3p overexpression significantly inhibited
the proliferation, invasion and tumorigenicity by targeting adenylate
cyclase 1 (ADCYl).42 Besides, miR-23a-3p was markedly decreased,
and might be a potential prognostic indicator in oral squamous cell
carcinoma.*® The differential expression patterns of miR-23a-3p in
a variety of tumours prompted us to further unveil its expression
status in ESCC tissues and cells and possible molecular mechanisms.
Here, we revealed high miR-23a-3p expression in ESCC tissues
and cells, and its high expression was tightly associated with TNM
stage, lymph node metastasis and poor prognosis of ESCC patients.
Functionally, miR-23a-3p depletion suppressed the proliferation,
invasion and glycolysis of ESCC cells, and opposite data were ob-
tained in the present of miR-23a-3p mimic. Further mechanistic
assay revealed that HIFLIAN was a direct downstream target gene
of miR-23a-3p, and there was a significantly negative correlation be-
tween miR-23a-3p and HIF1AN expressions in ESCC tissues. Most
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importantly, miR-23a-3p played an important role in ESCC glycolysis
by targeting HIF1AN, a glycolysis-related regulatory protein, which
was further implicated in ESCC progression.

On the basis of the information stated above, we hypothesized
that TMEM161B-AS1 mediated the suppressions of cell prolifer-
ation, invasion and glycolysis was dependent on miR-23a-3p or
HIF1AN level in ESCC cells. To this end, pcDNA3.1-TMEM161B-AS1
combined with miR-23a-3p mimic or HIF1IAN siRNA as well
as TMEM161B-AS1 siRNA along with miR-23a-3p inhibitor or
pcDNA3.1-HIF1AN were applied to rescue experiment for further
elucidation of TMEM161B-AS1 functions in ESCC cells. Our current
data suggest that the suppression of cell proliferation, invasion and
glycolysis triggered by TMEM161B-AS1 overexpression was partly
reversed by miR-23a-3p mimic or HIF1AN siRNA, and opposite data
were obtained when TMEM161B-AS1 siRNA was combined with
miR-23a-3p inhibitor or pcDNA3.1-HIF1AN. These findings indicate
that TMEM161B-AS1 plays a pivotal regulatory role in cell prolifer-
ation, invasion and glycolysis by manipulating miR-23a-3p/HIF1AN/
glycolysis-related enzyme pathway in ESCC.

In summary, our current data highlight the roles of
TMEM161B-AS1, HIF1AN and miR-23a-3p in ESCC development
and progression and stress their prognostic values in ESCC pa-
tients. Most importantly, TMEM161B-AS1 suppresses cell prolifer-
ation, invasion and glycolysis by absorbing miR-23a-3p to promote
the expression of HIF1AN, further eliciting the down-regulation
of glycolysis-related proteins, which eventually results in the sup-
pression of ESCC progression. Our current data support that
TMEM161B-AS1/HIF1AN/miR-23a-3p signal axis may be a new tar-
get for the treatment of ESCC patients.
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