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Background: Recent evidence suggests that long non-coding RNAs (lncRNAs) are emer-

ging as key determinants of esophageal squamous cell carcinoma (ESCC) progression. This

study aimed to investigate the role of lncRNA UPK1A antisense RNA 1 (UPK1A-AS1) in

ESCC cell proliferation, invasion, and migration.

Methods: The expression levels of UPK1A-AS1 and miR-1248 were determined using

quantitative reverse transcriptase-polymerase chain reaction. The functional role of UPK1A-

AS1 in ESCC was investigated using subcellular localization assay, Cell Counting Kit-8

assay, colony formation assay, scratch-healing assay, and transwell invasion assay. The

functional interaction between UPK1A-AS1 and miR-1248 was assessed using luciferase

reporter and RNA pull-down assays.

Results: Twenty dysregulated lncRNAs were detected in ESCC. Downregulation of

UPK1A-AS1 was observed in ESCC tissues and cell lines. Functionally, upregulation of

UPK1A-AS1 suppressed the proliferation, migration, and invasion of ESCC cells. Moreover,

an inverse correlation between UPK1A-AS1 and miR-1248 expression was observed in

ESCC specimens, and miR-1248 was identified as a direct target of UPK1A-AS1.

Furthermore, we found that UPK1A-AS1 exerts its anti-cancer effects partially through

sponging miR-1248 in ESCC cells.

Conclusion: UPK1A-AS1 suppressed the proliferation, migration, and invasion of ESCC

cells partially by sponging miR-1248. Hence, our findings provide novel insights into the

regulatory pathway involved in ESCC development.

Keywords: esophageal squamous cell carcinoma, long non-coding RNA, UPK1A antisense

RNA 1, miR-1248

Introduction
Esophageal squamous cell carcinoma (ESCC) is one of themost commonmalignancies

worldwide, accounting for 90% of all esophageal carcinoma cases.1 ESCC is the sixth

leading cause of cancer-related deaths, and has become a major global health threat.2

ESCC, unlike other cancers that have been widely studied, has a poor prognosis, with

a 5-year survival rate of <25%.3 To date, there are no effective therapies for ESCC.4

Accumulating evidence suggests that genomic and molecular alterations are emerging

as key risk factors for developing ESCC, in addition to tobacco smoke, heavy alcohol

consumption, and infection with human papillomavirus.5–8 Therefore, a detailed
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understanding of the genomic and molecular alterations

underlying ESCC is of great significance for elucidating its

molecular mechanism and contributing to the development

of therapeutics against ESCC.

With hundreds of non-coding RNAs (ncRNAs) being

studied and identified, researchers have come to realize the

importance of ncRNAs, which account for 90% of the human

genome.9 Previous evidence suggests the role of ncRNAs in

various human diseases, including cancers, thus offering the

prospect of identifying novel therapeutic and diagnostic

targets.10 Based on their size, ncRNAs can be classified

into microRNAs (miRNAs) and long ncRNAs (lncRNAs).

miRNAs are a class of single-strand ncRNAs of about 18–22

nucleotides in length, and play a key role in numerous

cellular biological processes.11 miRNAs have been reported

to exert their tumor-promoting or -inhibiting roles via inhibi-

tion of the target gene by base-pairing with its 3ʹ-untranslated

region.12 Although the link between miRNAs and carcino-

genesis is well established, only a few miRNAs have been

mechanistically characterized. miR-1248 has been shown to

play an important role in tumorigenesis.13 However, limited

studies have focused on the functional role of miR-1248 in

ESCC.

lncRNAs are a group of transcripts more than 200 nucleo-

tides in length, without protein-coding potential. In recent

decades, the significance of lncRNAs in carcinogenesis has

gradually come to light. lncRNAs are no longer regarded as

by-products of RNA polymerase II transcription or genomic

noises, but rather as key regulators involved in controlling

cellular functions.14,15 Previous evidence suggests that

lncRNAs participate in the regulation of tumorigenesis via

multiple pathways, including epigenetic modification, tran-

scription modulation, RNA decay, and miRNA decoys.16–18

lncRNAs have also been recognized as potential biomarkers

for human cancers.19 Recent evidence suggests that dysregu-

lation of lncRNAs is closely associated with the development

of human cancers, including ESCC.20 UPK1A antisense

RNA 1 (UPK1A-AS1), a newly discovered lncRNA, is

located on chromosome 19 with biased expression in the

esophageal tissues.21 However, no study has reported the

role of UPK1A-AS1 in ESCC.

In this study, we reported the downregulation of UPK1A-

AS1 in ESCC tissues and cell lines. Functionally, upregula-

tion of UPK1A-AS1 suppressed the proliferation, migration,

and invasion of ESCC cells. Further, we investigated the

molecular mechanism by which UPK1A-AS1 influences

ESCC carcinogenesis and found that the UPK1A-AS1

/miR-1248 axis serves as a novel regulatory axis in ESCC

progression.

Materials and Methods
Patients’ Specimens
Following protocols approved by the Institutional Review

Board, ESCC tissues and adjacent normal tissues were col-

lected from 30 patients with ESCC who underwent surgery at

No. 988 Hospital of Joint Logistic Support Force of the

Chinese People's LiberationArmy.All patientsmet the follow-

ing criteria: ESCC diagnosis was confirmed by pathological

examination, no adjuvant therapy was given prior to surgery.

Written informed consent was obtained from each participant.

Cell Culture and Transfection
Human ESCC cell lines (EC109, EC9706, KYSE30 and

KYSE150) and human immortalized esophageal epithelial

cell line (SHEE) were obtained from the Chinese

Academy of Sciences Cell Bank (Shanghai, China). All

cells were grown in Dulbecco’s modified Eagle’s medium

containing 10% fetal bovine serum (FBS; Solarbio,

Beijing, China) at 37°C and 5% CO2.

The UPK1A-AS1 sequence was introduced into pcDNA-

3.1 vector to construct the overexpressing plasmid of

UPK1A-AS1 (UPK1A-AS1), and empty pcDNA-3.1 vector

(vector) served as the control. miR-1248 mimic and its

negative control (miR-NC) were synthesized by Sangon

Biotech (Shanghai, China). These plasmids and miRNA

mimics were transfected into EC109 and KYSE30 cells

using LipofectamineTM 2000 (Invitrogen, Carlsbad, CA,

USA) following the manufacturer’s recommendations.

Quantitative Reverse Transcriptase

Polymerase Chain Reaction (qRT-PCR)
RNA isolation was performed using the RNeasy Plus Mini

Kit as per the manufacturer’s instructions. cDNAwas synthe-

sized using TaqMan® MicroRNA Reverse Transcription Kit

(Applied Biosystems, Foster City, CA, USA), followed by

qRT-PCR analysis based on TaqMan® MicroRNA Assay

(Applied Biosystems). The expression of UPK1A-AS1 was

determined on an ABI 7600 FAST thermal cycler using One

Step TB Green™ PrimeScript™ RT-PCR Kit (Takara,

Dalian, China). All primer sequences were as follows:

UPK1A-AS1 forward: 5ʹ-GAG CGG TGG GTT AGG

AAG GT-3ʹ, reverse: 5ʹ-CGT GGG GGT CGG TTG TC

T-3ʹ; GAPDH forward: 5ʹ-GGG AGC CAA AAG GGT

CAT-3ʹ, reverse: 5ʹ-GAG TCC TTC CAC GAT ACC
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AA-3ʹ; miR-1248 forward: 5ʹ-GTC CAC CTT CTT GTA

TAA GCA CT-3ʹ, reverse: 5ʹ-GCA GGG TCC GAG GTA

TTC-3ʹ; U6 forward: 5ʹ-GCT TCG GCA GCA CAT ATA

CTA AAAT-3ʹ, reverse: 5ʹ-CGC TTC ACG AAT TTG CGT

GTCAT-3ʹ. Target gene expression was calculated using the

2–ΔΔCt method and normalized to glyceraldehyde-3-phos-

phate dehydrogenase or U6 expression. UPK1A-AS1 expres-

sion level was evaluated by the ratio of UPK1A-AS1 level/

GAPDH mRNA level. miR-1248 expression level was eval-

uated by the ratio of miR-1248 level/U6 level.

Cell Counting Kit-8 (CCK-8) Assay
After transfection, EC109 and KYSE30 cells were seeded in

96-well plates and cultured for 24 h at 37°C in 5% CO2. All

cells were incubated with CCK-8 solution for 2 h. Cell via-

bility was evaluated by measuring the absorbance at 450 nm.

Colony Formation Assay
After transfection, EC109 and KYSE30 cells (1 × 103 cells

per well) were seeded in a 6-well plate. Colonies were

fixed and stained with crystal violet solution (Solarbio)

following 2 weeks of incubation. Colonies (>50 cells)

were counted under a microscope. For soft-agar colony

formation assay, the 6-well plate was coated by the base-

ment gel containing 0.6% soft agar in culture medium.

Mixture of agar (0.35%) and cells was plated on top of

the bottom layer for two-layer gel formation. After 2

weeks of culture, colonies were stained with crystal violet

reagent (Solarbio). The number of colonies >100 μm in

diameter was scored using Image J software (National

Institutes of Health, NY, USA).

Scratch-Healing Assay
After transfection, EC109 and KYSE30 cells (3 × 105 cells

per well) were seeded in a 6-well plate and cultured in

serum-free medium for 24 h. The cell monolayer was then

scraped using a micropipette tip to create a straight line

scratch, followed by rinsing with phosphate-buffered sal-

ine. After 24 h of culture, the distance between the sides of

the scratch was determined using ImageJ software

(National Institutes of Health, NY, USA).

Transwell Invasion Assay
After transfection, EC109 and KYSE30 cells (2.5 × 104

cells per well) were suspended in serum-free medium and

seeded in the upper chamber pre-coated with Matrigel

(Corning, Steuben County, NY, USA). Medium containing

10% FBS was added to the lower chamber and served as

a chemoattractant. Following 24 h of incubation, the cells

were fixed with formaldehyde, permeated with methanol,

and stained with 0.1% crystal violet for 30 min. The non-

invasive cells were removed with a cotton swab and the

invasive cells were quantified under a light microscope.

Subcellular Localization Fractionation

Assay
Subcellular localization assay was performed using the

PARIS Kit (Life Technologies, Carlsbad, CA, USA) fol-

lowing the manufacturer’s instructions. qRT-PCR analysis

was then performed as described above.

Luciferase Reporter Assay
Wild-type (WT)-UPK1A-AS1 constructs were generated by

introducing the UPK1A-AS1 sequence into psiCHECK2

vector (Promega,Madison, WI, USA).Mutations were intro-

duced into the miR-1248 binding sites in the UPK1A-AS1

sequence, followed by fusion with psiCHECK2 vector to

generate MUT-UPK1A-AS1 constructs. EC109 and

KYSE30 cells were co-transfected with WT-UPK1A-AS1

or MUT-UPK1A-AS1 and miR-1248 or miR-NC, and luci-

ferase activity was measured at 48 h post-transfection using

the Dual-Luciferase Reporter Assay System (Promega).

RNA Pull-Down Assay
The RNA pull-down assay was conducted as described.22,23

EC109 and KYSE30 cells were seeded and cultured for 24

h before transfection. Biotinylated miR-1248 (Bio-miR-1248)

and miR-NC (Bio-miR-NC) were synthesized from Sangon

Biotech, and transfected into EC109 and KYSE30 cells at

a final concentration of 50 nM using LipofectamineTM

2000 (Invitrogen). At 48 h post-transfection, EC109 and

KYSE30 cells were lysed in RIPA lysis buffer, and then the

cell lysates were incubated with streptavidin beads at 4°C on

the rotator overnight to generate probe-coated beads. After

binding process, the beads were incubated with the elution

buffer at 37°C with agitation for 1 h. The eluted pulled-down

RNA complex in the supernatant was purified using TRIzol

reagent (Invitrogen) and analyzed for UPK1A-AS1 enrich-

ment by qRT-PCR assay.

Statistical Analysis
The results were expressed as the mean ± standard error of

the mean. Statistical analysis was performed using

Student’s t-test or one-way analysis of variance. P values

<0.05 were considered statistically significant.
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Results
UPK1A-AS1 Expression Is Significantly

Downregulated in ESCC Tissues and Cell

Lines
To assess the involvement of lncRNAs in ESCC develop-

ment, we analyzed the data from GEO120356 database

and identified 20 differentially expressed lncRNAs (10

upregulated and 10 downregulated) in ESCC tissues rela-

tive to their adjacent normal tissues (Figure 1A). Among

them, UPK1A-AS1 was markedly downregulated in ESCC

tissues (Figure 1B). To identify the differential expression

of UPK1A-AS1 in ESCC, 30 pairs of ESCC tissues and

corresponding normal tissues were collected and the

expression of UPK1A-AS1 was evaluated by qRT-PCR.

As expected, downregulation of UPK1A-AS1 was con-

firmed in ESCC tissues (Figure 1C). Likewise, UPK1A-

AS1 was underexpressed in ESCC cell lines, especially in

EC109 and KYSE30 cells, relative to the human immor-

talized esophageal epithelial cell line SHEE (Figure 1D).

Upregulation of UPK1A-AS1 Inhibits ESCC

Cell Proliferation, Migration, and Invasion
SinceUPK1A-AS1 expressionwas found to be downregulated

in ESCC, we overexpressed UPK1A-AS1 in EC109 and

KYSE30 cells to further study its functional role. Results

showed that, after transfection of EC109 and KYSE30 cells

with UPK1A-AS1 overexpressing plasmids, the expression of

UPK1A-AS1 was obviously increased (Figure 2A). Under

these conditions, an obvious reduction of cell viability was

observed in EC109 and KYSE30 cells (Figure 2B and C).

Accordingly, overexpression of UPK1A-AS1 repressed the

colony-forming ability of EC109 and KYSE30 cells

(Figure 2D and E). Meanwhile, scratch-healing assay showed

that upregulation ofUPK1A-AS1 caused a significant decrease

Figure 1 UPK1A-AS1 expression is significantly downregulated in ESCC tissues and cell lines. (A) Heat map analysis of the expression of lncRNAs in GEO120356 database.

(B) GEO120356 database revealed that UPK1A-AS1 expression was markedly upregulated in ESCC samples compared with that in corresponding normal samples. (C) qRT-

PCR analysis of UPK1A-AS1 expression in 30 pairs of ESCC tissues and corresponding normal tissues. (D) qRT-PCR analysis of UPK1A-AS1 expression in ESCC cell lines

(EC109, EC9706, KYSE30, and KYSE150) and human immortalized esophageal epithelial cell line (SHEE). **P < 0.01, ***P < 0.001.
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Figure 2 Upregulation of UPK1A-AS1 inhibits ESCC cell proliferation, migration, and invasion. EC109 and KYSE30 cells were transfected with UPK1A-AS1 or vector. (A)

qRT-PCR validation of UPK1A-AS1 upregulation in EC109 and KYSE30 cells following transfection with UPK1A-AS1 overexpressing plasmid. (B and C) Cell viability was

evaluated at 48 h post-transfection using CCK-8 assay. (D and E) Plate colony formation assay and soft agar colony formation assay of EC109 and KYSE30 cells transfected

with UPK1A-AS1 or vector. (F and G) Scratch-healing and transwell invasion assays were performed to assess the migration and invasion of EC109 and KYSE30 cells at

48 h post-transfection, respectively. Scale bar: 200 μM. **P < 0.01, ***P < 0.001.
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in the migration of EC109 and KYSE30 cells (Figure 2F). In

parallel, transwell invasion assay showed that upregulation of

UPK1A-AS1 led to amarked decrease in EC109 andKYSE30

cell invasion (Figure 2G).

UPK1A-AS1 Directly Interacts with

miR-1248
To determine the cellular location ofUPK1A-AS1, we isolated

the nuclear fraction from the cytoplasm of EC109 and

KYSE30 cells, and found that UPK1A-AS1 was predomi-

nantly located in the cytoplasm (Figure 3A and B).

Moreover, a putative miR-1248 binding site was identified in

the UPK1A-AS1 sequence, as predicted by the DIANA tools

LncBase (Figure 3C). To investigate the interaction between

UPK1A-AS1 and miR-1248, EC109 and KYSE30 cells were

co-transfected with WT-UPK1A-AS1 or MUT-UPK1A-AS1

and miR-1248 or miR-NC. Results showed that upregulation

of miR-1248 reduced the relative luciferase activity of reporter

plasmids containing WT-UPK1A-AS1, but the relative

luciferase activity of reporter plasmids containing MUT-

UPK1A-AS1 was unaffected (Figure 3D and E). Moreover,

the expression of UPK1A-AS1 was higher in the Bio-miR

-1248 group compared with that in the Bio-NC group, as

shown by RNA pull-down assay (Figure 3F). Additionally,

the expression of miR-1248 in EC109 and KYSE30 cells

was markedly decreased upon UPK1A-AS1 upregulation

(Figure 3G). Meanwhile, miR-1248 was highly expressed in

ESCC tissues compared with that in corresponding normal

tissues (Figure 3H). In line with this, data from GSE97051

database revealed that miR-1248 was upregulated in ESCC

tissues relative to normal tissues (Figure 3I). Furthermore, an

inverse correlation between UPK1A-AS1 and miR-1248

expression was observed in ESCC specimens by Spearman

correlation coefficient analysis (Figure 3J).

UPK1A-AS1 Regulates ESCC Cell

Proliferation, Migration, and Invasion

Partially by Sponging miR-1248
To determine whether the anti-cancer effect of UPK1A-AS1

was mediated by miR-1248, EC109 and KYSE30 cells were

Figure 3 UPK1A-AS1 directly interacts with miR-1248. (A and B) Subcellular localization assay was performed to determine the location of UPK1A-AS1 in EC109 and

KYSE30 cells. (C) Schema representing the functional interaction between miR-1248 and UPK1A-AS1 as predicted by DIANA tools LncBase. (D and E) Luciferase reporter

activity in EC109 and KYSE30 cells co-transfected with indicated plasmids. (F) qRT-PCR analysis of UPK1A-AS1 expression in RNA pull-down samples. Bio-miR-1248 or Bio-

NC was used to pull-down endogenous UPK1A-AS1 from EC109 and KYSE30 cell lysates. (G) qRT-PCR analysis of miR-1248 expression in EC109 and KYSE30 cells after

UPK1A-AS1 upregulation. (H) qRT-PCR analysis showing the upregulation of UPK1A-AS1 in ESCC tissues. (I) GSE97051 database revealed that miR-1248 was upregulated in

ESCC tissues relative to adjacent normal tissues. (J) Spearman correlation coefficient analysis showing an inverse correlation between UPK1A-AS1 and miR-1248 expression

in ESCC specimens. *P < 0.05, **P < 0.01, ***P < 0.001.
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transfected with UPK1A-AS1 overexpressing plasmids

alone or co-transfected with UPK1A-AS1 overexpressing

plasmids and miR-1248 mimic. We found that UPK1A-

AS1-induced downregulation of miR-1248 was obviously

blocked by miR-1248 upregulation (Figure 4A and B).

Moreover, CCK-8 assay showed that the reduction of cell

viability induced by UPK1A-AS1 in EC109 and KYSE30

cells was abrogated by transfection with miR-1248 mimic

(Figure 4C and D). Colony formation assay revealed that the

colony-forming ability of EC109 and KYSE30 cells was

inhibited by UPK1A-AS1 upregulation; however, this effect

was markedly reversed by miR-1248 upregulation

(Figure 4E and E). In parallel, in both EC109 and KYSE30

cells, upregulation of UPK1A-AS1 inhibited cell migration

and invasion, as indicated by the scratch-healing and trans-

well invasion assays, respectively. However, these changes

induced by UPK1A-AS1 were partially attenuated by miR-

1248 upregulation (Figure 4G and H).

Discussion
ESCC is one of the most common fatal malignancies

worldwide, but its pathogenesis is complex and remains

unclear. Accumulating evidence suggests that disruption of

lncRNAs is tightly associated with the development of

human cancers, including ESCC.24,25 Here, we analyzed

the data from GEO120356 database in order to identify the

lncRNAs involved in tumorigenesis. We identified 20 dif-

ferentially expressed lncRNAs in ESCC and selected

UPK1A-AS1, which has never previously been character-

ized in ESCC, for functional experiments.

lncRNAs have attracted considerable research interest

due to their involvement in regulating biological processes

via special modulatory mechanisms. In the last decades,

hundreds of lncRNAs have been studied and identified in

various human cancers, and abnormal expression of

lncRNAs is a key mechanism underlying ESCC

carcinogenesis.26 In addition, lncRNAs have been recog-

nized as promising therapeutic targets for cancer.27 For

example, high expression of lncRNA MNX1 antisense

RNA1 (MNX1-AS1) was closely correlated with ESCC

lymph node metastasis. Functional studies revealed that

lncRNAMNX1-AS1 facilitated cell proliferation and metas-

tasis and inhibited cell apoptosis by acting as a competing

endogenous RNA to target sirtuin 1 via sponging miR-34a in

ESCC.28 In addition, a higher expression of small nucleolar

RNA host gene 6 was reportedly correlated with prognosis,

lymph node metastasis, distant metastasis, and tumor node

metastasis stage of ESCC patients. Furthermore, small

nucleolar RNA host gene 6 upregulation promoted ESCC

progression, whereas its knockdown resulted in inhibition of

ESCC progression.29 Although an increasing number of stu-

dies have reported lncRNAs as key determinants of carcino-

genesis, the functional role of UPK1A-AS1 in ESCC has not

yet been characterized.

Commonly associated with their genomic origin and

cellular location, lncRNAs exhibit various roles in differ-

ent types of human cancers.30 Therefore, knowledge

regarding their cellular location is crucial for unraveling

their biological roles. Nuclear lncRNAs may be implicated

in chromatin interactions, transcriptional regulation, and

RNA processing, while cytoplasmic lncRNAs may parti-

cipate in post-transcriptional processes, such as mRNA

translation and degradation.31 Here, we found that

UPK1A-AS1 was predominantly located in the cytoplasm

of EC109 and KYSE30 cells, and upregulation of UPK1A-

AS1 was observed in ESCC tissues and cell lines. Using

in vitro analyses, we found that UPK1A-AS1 upregulation

suppressed the proliferation, migration, and invasion of

ESCC cells, thus suggesting a potential role of UPK1A-

AS1 in ESCC carcinogenesis.

lncRNAs have been shown to participate in the regula-

tion of tumorigenesis through multiple pathways. One of the

typical mechanisms of lncRNA function is that it serves as

a decoy of miRNAs, antagonizes its function, and results in

the upregulation of miRNA target genes that are involved in

tumorigenesis.32 Using DIANA tools LncBase, we identi-

fied putative miR-1248 binding sites within the UPK1A-

AS1 sequence. Previous evidence suggests that miR-1248

plays a crucial role in carcinogenesis. In non-small cell lung

cancer, miR-1248 was shown to be involved in the regula-

tion of thymidylate synthase, thereby affecting the treatment

outcome of patients with non-small cell lung cancer.33 In our

study, we found that miR-1248 was highly expressed in

ESCC tissues and cell lines. Consistent with our finding,

miR-1248 upregulation was also reported in osteosarcoma

and correlated with poor survival. miR-1248 enhanced cell

viability and inhibited apoptosis in U2OS cells treated with

fluorouracil through inhibiting the expression of apoptotic

protein angiotensin II type 1 receptor.34 Based on these

findings, we speculated that UPK1A-AS1-induced inhibition

of ESCC growth might be mediated by miR-1248. Here, we

identified miR-1248 as a direct target of UPK1A-AS1 and

found that high expression of UPK1A-AS1 was associated

with reduced miR-1248 levels. Furthermore, we provided

evidence supporting this proposed mechanism. We found

that upregulation of miR-1248 could reverse the inhibitory
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Figure 4 UPK1A-AS1 regulates ESCC cell proliferation, migration, and invasion partially by sponging miR-1248. (A and B) qRT-PCR analysis of miR-1248 expression in

EC109 and KYSE30 cells following transfection with UPK1A-AS1 and miR-1248 mimic. (C and D) Results of CCK-8 assay in EC109 and KYSE30 cells transfected with

UPK1A-AS1 overexpressing plasmids alone or co-transfected with UPK1A-AS1 overexpressing plasmids and miR-1248 mimic. (E and F) Results of plate colony formation

assay and soft agar colony formation assay in EC109 and KYSE30 cells transfected with UPK1A-AS1 alone or with miR-1248 mimic. (G and H) Results of scratch-healing

assay in EC109 and KYSE30 cells transfected with UPK1A-AS1 alone or with miR-1248 mimic. (F) Results of transwell invasion assay in EC109 and KYSE30 cells transfected

with UPK1A-AS1 alone or with miR-1248 mimic. *P < 0.05, **P < 0.01, ***P < 0.001.
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effect of UPK1A-AS1 on ESCC proliferation and metasta-

sis, suggesting that UPK1A-AS1, as a decoy for miR-1248,

acts as a tumor-suppressive factor in ESCC. Hence, our

findings suggest the involvement of the UPK1A-AS1/miR-

1248 axis in ESCC development.

In conclusion, we demonstrated that UPK1A-AS1

acted as a decoy for miR-1248 and inhibited the prolifera-

tion, migration, and invasion of ESCC cells. Our findings

suggest UPK1A-AS1/miR-1248 axis as a novel regulatory

network in ESCC, providing a better understanding of the

pathogenesis of ESCC. Targeting this newly identified

UPK1A-AS1/miR-1248 axis may serve as a potential ther-

apeutic strategy for treating ESCC.
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