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ABSTRACT

Esophageal cancer (ESCA), as a common cancer worldwide, is a main cause of cancer-related mortality.
Comprehensive studies on molecular mechanism of ESCA have been carried out. Though numerous
long noncoding RNAs (IncRNAs) was reported to participate in the occurrence and development of
ESCA, the potential role of INcRNA potassium calcium-activated channel subfamily M regulatory beta
subunit 2 (KCNMB2) antisense RNA 1 (KCNMB2-AS1) in ESCA remains to be discovered. This study
intends to investigate the detailed function and molecular mechanism of KCNMB2-AS1 in ESCA. Gene
expression was evaluated by reverse transcription quantitative polymerase chain reaction (RT-qPCR).
Cell proliferation was examined by Cell Counting Kit-8 (CCK-8) assay and colony formation assay. Cell
invasion and migration were measured by wound healing assay and Transwell assay. Luciferase
reporter assay was adopted to validate the interaction between KCNMB2-AS1 and miR-3194-3p.
Western blotting was performed to assess protein levels. We discovered that KCNMB2-AS1 was
significantly upregulated in ESCA. KCNMB2-AS1 downregulation suppressed the growth, invasion,
migration and stemness of ESCA cells. KCNMB2-AS1 bound with miR-3194-3p, and glycogen phos-
phorylase L (PYGL) was a direct target of miR-3194-3p. KCNMB2-AS1 upregulated PYGL expression by
directly binding with miR-3194-3p. Additionally, PYGL overexpression abolished the inhibitory influ-
ence of KCNMB2-AS1 depletion on ESCA cell behaviors. Collectively, IncRNA KCNMB2-AS1 promotes
ESCA development through targeting the miR-3194-3p/ PYGL axis, which might provide theoretical
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basis to explore novel biomarkers for ESCA treatment.

Introduction

Esophageal cancer (ESCA), as one common
human cancer, is also a leading cause of cancer-
related mortality globally [1]. The 5-year overall
survival rate of ESCA is less than 20% worldwide
[2]. Much effort has been made to improve ESCA
treatment [3,4]. Despite remarkable advances, the
mortality of ESCA patients remains high, accord-
ing to the global surveillance of trends in cancer
survival during 2000-2014 [5,6]. Therefore, it is
urgently required to explore the molecular
mechanisms related to ESCA development and
identify novel targets for ESCA treatment for bet-
ter prognosis and clinical outcomes.

Long noncoding RNAs (IncRNAs) are a class of
noncoding RNAs of over 200 nucleotides in
length [7]. LncRNAs can act as ceRNAs by com-
petitively binding with miRNA, thereby regulat-
ing the expression of miRNA-targeted genes [8].

LncRNAs regulate several biological processes,
involving cell growth, autophagy, apoptosis, cell
cycle, metastasis, and differentiation [9,10].
Increasing studies also demonstrate that the aber-
rant expression of IncRNAs plays a key functional
role in many cancers, including ESCA [11].
Therefore, exploring the cancerogenic mechanism
of IncRNAs in ESCA is significant for the etiology
and optimizing treatment of ESCA. A number of
IncRNAs have been validated to be dysregulated
in ESCA and they can regulate the occurrence and
development of ESCA, such as metastasis-
associated lung adenocarcinoma transcript 1
(MALATT1) [12], actin filament associated protein
1 (AFAP1) antisense RNA 1 (AFAP1-AS1) [13],
HOX transcript antisense RNA (HOTAIR) [14],
taurine upregulated 1 (TUGI1) [15], and mater-
nally expressed 3 (MEG3) [16]. Through bioinfor-
matic analysis, we identified that IncRNA
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KCNMB2 antisense RNA 1 (KCNMB2-AS1) is
significantly upregulated in ESCA. KCNMB2-
AS1 was previously reported to participate in the
tumorigenesis of several human cancers. For
example, KCNMB2-AS1 increases Rho associated
coiled-coil containing protein kinase 1 (ROCK1)
expression via binding with miR-374a-3p, there-
fore promoting cell proliferation, migration, and
invasion and inhibiting cell apoptosis in non-
small-cell lung cancer [17]. KCNMB2-AS1 is sig-
nificantly overexpressed in cervical cancer, and
KCNMB2-AS1 evidently facilitates tumor growth
by sponging miR-130b-5p and miR-4294 and then
upregulating insulin like growth factor 2 mRNA
binding protein 3 (IGF2BP3) [18]. KCNMB2-AS1
enhances cell proliferation, migration, and inva-
sion in bladder cancer through regulation of miR-
374a-3p/S100 calcium binding protein A1l0
(S100A10) [19]. However, the role of KCNMB2-
AS1 in ESCA has not yet been reported.

MicroRNAs (miRNAs) are defined as noncod-
ing RNA molecules with lengths of approximately
17-24 nucleotides [20]. They play critical roles in
diverse physiological and pathological processes by
directly binding to the 3X-untranslated region (3X-
UTR) of target genes, thereby triggering mRNA
degradation or suppressing its translation [21].
Some studies have reported that dysregulated
miRNAs can lead to tumorigenesis by affecting
the expression of targeting genes [22-24]. For
example, miR-3194-3p is significantly downregu-
lated in hepatocellular carcinoma (HCC) tissues
and cells, and miR-3194-3p inhibits the migration,
invasion and epithelial-mesenchymal transition
(EMT) of HCC cells via suppressing Wnt/p-
catenin signaling through targeting BCL9 tran-
scription coactivator (BCL9) [25]. MiR-3194-3p
suppresses cell proliferation, migration, and inva-
sion as well as promotes cell apoptosis in bladder
cancer by targeting Aquaporin 1 (AQP1) [26].
However, the precise mechanisms of miR-3194-
3p involvement in tumorigenesis of ERSC remain
unclear.

The aim of this study is to investigate the role of
KCNMB2-AS1 in the progression of ESCA and
reveal the underlying mechanism. We hypothe-
sized that KCNMB2-AS1 acts as oncogene in
ESCA through regulating the expression of glyco-
gen phosphorylase L (PYGL) by sponging miR-

3194-3p. The results demonstrated that KCNMB2-
AS1 was upregulated in ESCA and KCNMB2-AS1
promoted ESCA cell proliferation, migration, inva-
sion as well as stemness via the miR-3194-3p/
PYGL axis. This study may provide novel insights
into ESCA treatment.

Materials and methods
Bioinformatic analysis

KCNMB2-AS1 expression in ESCA tissues versus
normal tissues is predicted at Gene Expression
Profiling Interactive Analysis (GEPIA) website
(http://gepia2.cancer-pku.cn/) [27]. Four candi-
date miRNAs that can bind with KCNMB2-AS1,
the top ten target mRNAs of miR-3194-3p (condi-
tions: CLIP Data > 5, Pan-Cancer 2 5), the expres-
sion of PYGL in ESCA tissues versus normal
tissues and the binding site of KCNMB2-AS1 (or
PYGL) on miR-3194-3p are demonstrated at
starBase website (http://starbase.sysu.edu.cn/) [28].

Cell culture

Human ESCA cell lines Ecal09 and TE-1 and
normal esophageal epithelial cell line HEsEpiC
were bought from the Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences
(Shanghai, China). All cells were incubated in
Roswell Park Memorial Institute 1640 (RPMI-
1640; Thermo Fisher Scientific) supplementing
with 10% fetal bovine serum (FBS, Invitrogen),
100 mg/ml streptomycin and 100 U/ml penicillin
at 37°C with 5% CO, [29].

Cell transfection

Short hairpin RNAs targeting KCNMB2-AS1
(KCNMB2-AS1#1/2) were transfected into ESCA
cells to knockdown KCNMB2-AS1. MiR-3194-3p
mimics was used to overexpress miR-3194-3p, with
NC mimics as a negative control. To overexpress
KCNMB2-AS1 or PYGL, the full-length sequences
of KCNMB2-AS1 or PYGL was cloned into eukar-
yotic expression vector pcDNA3.1, with empty
pcDNA3.1 as the negative control (NC). The above
plasmids bought from GeneChem (Shanghai, China)
were transfected into ESCA cells using Lipofectamine
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3000 (Thermo Fisher Scientific) [30]. Cells trans-
fected for 48 h were harvested for PCR analysis.

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

Total RNA was extracted from transfected TE-1 and
Ecal09 cells using TRIzol reagent (Ambion) accord-
ing to the manufacturer’s instructions, followed by
reverse transcription to cDNAs using the GoScript
Reverse Transcription System (GeneCopoeia). RT-
qPCR was conducted using a SYBR Premix Ex Taq II
kit (Takara, Shiga, Japan). The 2784C method was
adopted to analyze the expression of target genes
[31]. U6 and  Glyceraldehyde-3-phosphate
Dehydrogenase (GAPDH) served as the internal
references. The primers used in this study were avail-
able under requirement.

Western blotting

Total proteins of ESCA cells was extracted by
radio-immunoprecipitation assay (RIPA) lysis
buffer (Beyotime) [32]. Subsequently, equal
amounts of protein were transferred into poly-
vinylidene difluoride (PVDF) membranes after
separation by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). The
membranes were blocked with 5% nonfat milk
and then incubated with primary antibodies

against CDI133 (ab222782, 1:2000, Abcam),
Nanog (ab109250, 1:1000, Abcam), Oct4
(ab200834, 1:10,000, Abcam), Sox2 (ab92494,
1:1000, Abcam), ALDHI1 (ab52492, 1:2000,

Abcam), PYGL (ab198268, 1:1000, Abcam) and
GAPDH (ab9483, 1:1000, Abcam) overnight at
4°C. GAPDH was regarded as the internal refer-
ence. Subsequently, the membranes were washed
with Tris-buffered saline Tween-20 (TBST), fol-
lowed by incubation with horseradish peroxidase
(HRP)-conjugated secondary antibodies for 1 h
at room temperature. Finally, the enhanced che-
miluminescence (ECL) kits (Abcam) were used
to visualize the protein bands.

Cell counting kit-8 (CCK-8) assay

ESCA cell growth was evaluated using Cell
Counting Kit-8 (GLPBIO, Montclair, CA, USA)
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relative to the manufacturer’s instructions [33].
Transfected ESCA cells (1 x 10°) were seeded
into 96-well plates and maintained in Dulbecco’s
modified Eagle’s medium (DMEM) containing
10% FBS. At the time point of 24, 48, and 72 h,
10 pL of CCK-8 solution was added to each well.
Subsequently, the absorbance was detected by
a microplate reader at 450 nm.

Colony formation assay

To evaluate the proliferation of transfected ESCA
cells, colony formation assay was performed as pre-
viously described [34]. In brief, cells (1 x 10°) were
diluted and seeded into 6-well plates, followed by
incubation at 37°C for 2 weeks. Then, cells were
stained with 1% crystal violate (Beyotime) for 10-
30 min after fixation with 4% paraformaldehyde.
After 48 h, the plates were imaged, and the colony
numbers in three random wells were calculated with
a gel documentation system (Bio-Rad).

Transwell assay

ESCA cell migration and invasion were evaluated
using Transwell chamber (8 pm in pore diameter;
Corning Glass Works, Corning, NY) [35]. Briefly,
3 x 10° transfected ESCA cells were suspended in
the serum-free medium and seeded on the upper
compartment coated with or without Matrigel (BD
Biosciences). Meanwhile, 600 uL medium contain-
ing 10% FBS was added to the lower compartment.
Twenty-four h later, cells on the upper chamber
were removed with cotton swabs. Cells on the
lower chamber were fixed with methanol, stained
with 0.1% crystal violet and photographed under
an inverted microscope.

Wound healing assay

Wound healing assay was conducted as previously
described to detect the migration ability of trans-
fected ESCA cells [36]. The indicated cells were
incubated in 6-well plates. A sterile pipette tip was
utilized to make wounds in each monolayer of
cells when the cells were approximately 90% con-
fluent. Next, phosphate buffer solution was uti-
lized to wash away cell debris. At three different
positions, the distance between two edges of the
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wound was measured. After 24 h, microscopic
images were taken at the same field to evaluate
the wound closure degree.

Luciferase reporter assay

The full length of IncRNA KCNMB2-AS1 was
ligated into pmirGLO luciferase reporter vectors
(Promega) to construct wild-type (Wt) pmirGLO-
IncRNA. PmirGLO-IncRNA mutant (Mut) was
also developed in which the binding sites of miR-
3194-3p were mutated. The plasmids were synthe-
sized by Invitrogen and then cotransfected with
miR-3194-3p mimics or NC mimics into TE-1
and Ecal09 cells using Lipofectamine 3000
(Invitrogen). After 48 h of transfection, the Dual-
Luciferase Kit (Promega) was utilized to determine
the luciferase activity [37].

RNA pulldown assay

RNA pulldown assay was carried out as previously
described [38] to verify the binding capacity
between KCNMB2-AS1 (or PYGL) and miR-
3194-3p. After lysing, ESCA cells were treated
with RNase-free DNase I (Beyotime). Afterward,
the biotin-labeled wild-type miR-3194-3p (bio-
miR-3194-3p Wt) or bio-NC and streptavidin-
coated magnetic beads (Thermo Fisher Scientific)
were incubated with cell lysate at 4°C for 3 h.
Finally, RNA samples were purified by TRIzol for
RT-qPCR analysis.

Subcellular fraction assay

A PARIS™ kit (Invitrogen) was used to isolate
nuclear, cytoplasmic, and total RNA [39]. Then,
total RNA from the cytoplasmic and nuclear frac-
tions was isolated with TRIzol (Invitrogen), pur-
ified and treated with DNase I, followed by reverse
transcription for PCR. GAPDH served as endo-
genous controls for the cytoplasm, while U6 for
the nucleus.

Sphere formation assay

ESCA cells were incubated in ultra-low attachment
24-well plates (1 x 10> cells/well; Corning) with
DMEM/F12  medium  supplemented  with

20 ngmL™'  epidermal  growth factor
(MedChemExpress, Monmouth Junction, NJ,
USA), 20 ng-mL_1 bFGF (MedChemExpress),
1x B27 (Sigma-Aldrich, St Louis, MO, USA) and
antibiotics under a humidified atmosphere with
5% CO, at 37°C [40]. After 10 days, the size and
number of mammospheres were evaluated and
quantified under a microscope.

Statistical analysis

Data were analyzed using SPSS21.0 (IBM Corp,
Armonk, NY, USA) and presented as the mean +
standard deviation. All experiments were repeated
in triplicate. Student’s t-test was adopted for com-
parisons between two groups, and one-way analy-
sis of variance (ANOVA) followed by Tukey’s post
hoc tests for comparisons among multiple groups.
P value < 0.05 was considered statistically
significant.

Results

Our study intends to investigate the role of
KCNMB2-AS1 on the progression of ESCA and
reveal the possible mechanisms. We hypothesized
that KCNMB2-AS1 acts as oncogene in ESCA by
sponging miR-3194-3p and targeting PYGL. We
carried out a series of cell function experiments in
ESCA cells transfected with sh-KCNMB2-AS1 or
pcDNA3.1/ KCNMB2-AS1 to evaluate the effects
of KCNMB2-AS1 knockdown or overexpression
on ESCA cell proliferation, migration, invasion,
and stemness. The results are as follows.

KCNMB2-AS1 knockdown suppresses cell
proliferation, migration and invasion as well as
stemness in ESCA

GEPIA website revealed that KCNMB2-AS1
expression was markedly elevated in ESCA tissues
versus normal tissues (Figure 1(a)). As shown in
RT-qPCR, KCNMB2-AS1 level was higher in
ESCA cells than in normal esophageal epithelial
cells (Figure 1(b)). The interfering efficiency of
KCNMB2-AS1 was detected by RT-qPCR, which
indicated that compared with sh-NC, sh-KCNMB2
-AS1 significantly reduced KCNMB2-AS1 expres-
sion in ESCA cells (Figure 1(c)). Next, a series of
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Figure 1. The effects of KCNMB2-AS1 knockdown on ESCA cell growth, motion, and stemness.

(a) KCNMB2-AS1 expression pattern in ESCA tissues (n = 182) compared with normal tissues (n = 286) was detected from TCGA. (b) The
KCNMB2-AST expression in ESCA cells (Eca109 and TE-1) and normal esophageal epithelial HEsEpiC cells was assesses by RT-gPCR. (c)
ESCA cells were transfected with sh-KCNMB2-AS1#1/2 or sh-NC, and the interfering efficiency was confirmed by RT-qPCR. (D-E) ESCA cell
proliferation after knockdown of KCNMB2-AS1 was measured by CCK-8 assay and colony formation assay. (f~h) ESCA cell migration and
invasion after KCNMB2-AS1 downregulation were examined by wound healing assays and Transwell assays. (i) The number of spheroids
in ESCA cells transfected with sh-KCNMB2-AS1#1/2 or sh-NC were detected by sphere formation assay. (j) The protein levels of cancer
stem cell markers (CD133, Nanog, Oct 4, Sox 2, and ALDH1) in ESCA cells after downregulating KCNMB2-AS1 was evaluated by Western
blotting. *p < 0.05, **p < 0.01, ***p < 0.001.



6692 (&) J.XUETAL

RIS S b s e
h sh-NC sh-KCNMB2-AS1#1  sh-KCNMB2-AS1#2
Invasion
Eca109 &7 “
TE-1 &
ARBr S ‘ el L ST e )
sh-NC sh-KCNMB2-AS1#1  sh-KCNMB2-AS1#2
i
) ] ']‘ i W ¥
~ r . | .o
FnNeNR - . ° 8
[ ] ;
Eca109 8 g ¢ e P TR
. Neue - S .9 b LI
> e S g i 5 o o ° e
Fr L 0» ' 7 ° "c r: o:
o €., 0 : 'y - b A
2 o 9 e 8 s @ & .o P -~ 2 3
TE-1 i - o :
’e - . 2 A &
L ¥ g . .o e 2 . 2 -&‘J : o i .
sh-NC sh-KCNMB2-AS1#1 sh-KCNMB2-AS1#2

. . i W -
- Nanog WD "= =
- U Octd . e
W W SO gy e e

ﬁ‘ ALDHT i %

= ems emp GAPDH W = wm

,éo R S
S8 9 S 8
A q/,?‘ (V?*
' ® Q' ®
NN N
e alon
é\:l* é\)’r é\rl- g\\*

Figure 1. Continued.
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Figure 2. The effects of KC(NMB2-AS1 overexpression on ESCA cell growth, motion, and stemness.

(a) ESCA cells were transfected with pcDNA3.1/KCNMB2-AS1 or pcDNA3.1, and the overexpression efficiency was detected by RT-
gPCR. (b-c) The proliferation of ESCA cells after overexpressing KCNMB2-AS1 was assessed by CCK-8 assay and colony formation
assay. (d-f) ESCA cell migration and invasion after KCNMB2-AS1 overexpression were examined by wound healing assays and
Transwell assays. (g) The number of spheroids in ESCA cells transfected with pcDNA3.1/KCNMB2-AS1 or pcDNA3.1 were detected by
sphere formation assay. (h) The protein levels of cancer stem cell markers (CD133, Nanog, Oct 4, Sox 2, and ALDH1) in ESCA cells
after overexpressing KCNMB2-AS1 was evaluated by Western blotting. *p < 0.05, **p < 0.01, ***p < 0.001.
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loss-of-function experiments were performed to
determine the effects of KCNMB2-AS1 downregu-
lation on ESCA cell malignant behaviors. First, we
discovered that downregulation of KCNMB2-AS1
markedly suppressed viability of ESCA cells com-
pared with sh-NC (Figure 1(d)). Furthermore, sh-
KCNMB2-AS1 significantly decreased colony
number of ESCA cells compared with sh-NC
(Figure 1(e)). The wound healing assay showed
that the distance between two edges of each
wound was widened after transfection of sh-
KCNMB2-AS1#1/2, suggesting the inhibition of
KCNMB2-AS1 silencing on ESCA cell migration
(Figure 1(f)). Transwell assay demonstrated that
sh-KCNMB2-AS1 repressed both the migration
and invasion of ESCA cells compared with sh-
NC (Figure 1(gh)). Since tumor cell stemness is
believed to be the cause tumor recurrence and
metastasis, the prevention of tumor cell stemness
can hinder the development of the tumor to
a certain degree [41]. Then, we investigated the
influence of KCNMB2-AS1 on cell stemness in
ESCA. As shown by sphere formation assay, silen-
cing of KCNMB2-AS1 reduced the number of
spheroids, indicating that the sphere-forming abil-
ity of ESCA cells was attenuated (Figure 1(i)). In
addition, western blotting was conducted to detect
the protein levels of cancer stem cell markers
(CD133, Nanog, Oct 4, Sox 2, and ALDHI),
which displayed a significant decrease after
KCNMB2-AS1 knockdown (Figure 1(i)). In sum-
mary, knockdown of KCNMB2-AS1 could inhibit
cell proliferation, migration, and invasion as well
as attenuate cell stemness in ESCA.
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KCNMB2-AS1 overexpression promotes cell
proliferation, migration, and invasion as well as
stemness in ESCA

Since the inhibitory effects of KCNMB2-AS1 knock-
down were discovered on ESCA cells, then we con-
ducted a series of gain-of-function experiments to
further investigate how KCNMB2-AS1 overexpres-
sion influenced ESCA cells. The overexpression effi-
ciency of KCNMB2-AS1 was subjected to RT-qPCR,
which revealed that the expression of KCNMB2-AS1
was significantly elevated in ESCA cells after transfec-
tion with pcDNA3.1/KCNMB2-AS1 (Figure 2(a)).
Then, by performing CCK-8 assay, we discovered
that the viability of ESCA cells was enhanced after
overexpressing KCNMB2-AS1  (Figure  2(b)).
Similarly, the proliferation of ESCA cells transfected
with pcDNA3.1/KCNMB2-AS1 was also promoted
compared with NC group (Figure 2(c)). As shown
by wound healing assay, the distance between two
edges of each wound was narrowed after transfection
of pcDNA3.1/KCNMB2-AS1, suggesting the overex-
pression of KCNMB2-AS1 facilitated ESCA cell
migration (Figure 2(d)). Transwell assay demon-
strated that KCNMB2-AS1 overexpression promoted
both the migration and invasion of ESCA cells com-
pared NC group (Figure 2(e,f)). In addition, the effects
of KCNMB2-AS1 overexpression on ESCA cell stem-
ness were also detected. Sphere formation assay
demonstrated that overexpressing KCNMB2-AS1
increased the number of spheroids, showing that the
sphere-forming ability of ESCA cells was enhanced by
KCNMB2-AS]1 overexpression (Figure 2(g)). Western
blotting was performed to evaluate the protein levels



of cancer stem cell markers (CD133, Nanog, Oct 4,
Sox 2, and ALDH1), which displayed a significant
increased after KCNMB2-AS1 overexpression
(Figure 2(h)). Overall, KCNMB2-AS1 overexpression
promotes cell proliferation, migration, and invasion
as well as stemness in ESCA.

KCNMB2-AS1 binds with miR-3194-3p

To figure out the localization of KCNMB2-ASI in
ESCA cells, a subcellular fractionation assay was
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conducted. We discovered that KCNMB2-AS1 was
mainly localized in the cytoplasm of ESCA cells
(Figure 3(a)). StarBase database was utilized to
search possible miRNAs that bind with KCNMB2-
AS1. Four miRNAs were identified, among which
only miR-3194-3p was significantly downregulated
in ESCA cells (Figure 3(b)). MiR-3194-3p expres-
sion in ESCA cells transfected with sh-KCNMB2-
AS1#1/2 or sh-NC were detected using RT-qPCR,
which indicated that sh-KCNMB2-AS1 significantly
elevated miR-3194-3p expression compared with
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(@) The localization of KCNMB2-AS1 in ESCA cells was determined by a subcellular fractionation assay. (b) Possible miRNAs that bind
with KCNMB2-AS1 were identified by starBase website. The level of the candidate miRNAs in ESCA cells compared to normal cells
were detected using RT-qPCR. (c) The influence of KCNMB2-AS1 knockdown on the expression of miR-3194-3p in ESCA cells was
assessed by RT-qPCR. (d) The potential binding site of KCNMB2-AST on miR-3194-3p is shown at starBase website. (e) The RNA
pulldown assay was applied to explore whether KCNMB2-AS1 can bind with miR-3194-3p. (f) A luciferase reporter assay was
conducted to further verify the relationship between KCNMB2-AS1 and miR-3194-3p. *p < 0.05, **p < 0.01, ***p < 0.001.
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sh-NC (Figure 3(c)). The binding site of KCNMB2-
AS1 on miR-3194-3p is predicted at starBase web-
site, and binding sequence of miR-3194-3p was
mutated for the following assays (Figure 3(d)). An
RNA pulldown assay was conducted. KCNMB2-
AS1 expression in ESCA cells was markedly
increased in bio-miR-3194-3p-Wt, while there
existed no significant changes in bio-miR-3194-3p-
Mut (Figure 3(e)). The binding between KCNMB2-
AS1 and miR-3194-3p was further validated by
a luciferase reporter assay, which revealed that the
luciferase activity of miR-3194-3p-Wt plasmid was
significantly elevated in both Ecal09 and TE-1 cells
due to KCNMB2-AS1 knockdown while no signifi-
cant changes happened in the basic and miR-3194-
3p Mut group (Figure 3(f)). In conclusion,
KCNMB2-AS1 binds with miR-3194-3p and nega-
tively regulates miR-3194-3p level in ESCA.

PYGL is targeted by miR-3194-3p

The overexpression efficiency of miR-3194-3p in
Ecal09 and TE-1 cells was verified by PCR
(Figure 4a). Ten mRNAs were identified to be
the underlying targets of miR-3194-3p using the
starBase database. In ESCA cells transfected with
miR-3194-3p mimics, PYGL expression showed
the most significant downregulation compared to
that of the other candidate mRNAs (Figure 4b), so
PYGL was selected as the research object. Based on
starBase prediction, PYGL was upregulated in
ESCA tissues compared with normal tissues
(Figure 4(c)). The expression of PYGL in ESCA
cells was markedly higher than in normal cells
(Figure 4(d)). RT-qPCR showed that KCNMB2-
AS1 downregulation significantly attenuated the
level of PYGL in ESCA cells (Figure 4(e)). In
western blotting, the protein level of PYGL was
markedly decreased in ESCA cells transfected with
sh-KCNMB2-AS1  or miR-3194-3p  mimics
(Figure 4(f)). The possible binding site of PYGL
on miR-3194-3p is shown at starBase website
(Figure 4(g)). An RNA pulldown assay was per-
formed to validate the binding between miR-3194-
3p and PYGL, which revealed that PYGL expres-
sion in ESCA cells was markedly increased in bio-
miR-3194-3p-Wt, with no significant change in

bio-miR-3194-3p-Mut  (Figure 4(h)). Overall,

miR-3194-3p targets PYGL in ESCA.

Overexpression of PYGL reverses sh-KCNMB2-
AS1 induced inhibitory effects on ESCA cell
behavior

Finally, rescue experiments were conducted to
explore whether KCNMB2-AS1 affects ESCA
development by regulating PYGL. First, ESCA
cells were transfected with pcDNA3.1/PYGL or
pcDNA3.1, and the overexpression efficiency was
detected by RT-qPCR and western blotting
(Figure 5(a,b)). CCK-8 assays and colony forma-
tion assays demonstrated that sh-KCNMB2-AS1
attenuated the growth of ESCA cells relative to sh-
NC, while cotransfection of sh-KCNMB2-AS1 and
pcDNA3.1/PYGL  rescued  sh-KCNMB2-AS1
induced inhibitory influence on cell growth
(Figure 5(c,d)). In addition, sh-KCNMB2-AS1
alleviated the migratory and invasive capacities of
ESCA cells, while co-transfection of sh-KCNMB2-
AS1 and pcDNA3.1/PYGL obviously reversed the
inhibited invasion and migration caused by sh-
KCNMB2-AS1 (Figure 5(e,g)). Furthermore, the
reduced number of spheroids caused by
KCNMB2-AS1 knockdown was reversed by
PYGL overexpression (Figure 5(h). Western blot-
ting demonstrated that the protein levels of cancer
stem cell markers (CD133, Nanog, Oct 4, Sox 2,
and ALDH1) in ESCA cells were decreased after
transfection with sh-KCNMB2-AS1, but rescued
after cotransfection with sh-KCNMB2-AS1 and
pcDNA3.1/PYGL (Figure 5(i)). Taken together,
overexpression of PYGL abolished the inhibitory
influence of KCNMB2-AS1 knockdown on ESCA
stemness. Therefore, we concluded that KCNMB2-
AS]1 facilitates ESCA development by upregulating
PYGL.

Discussion

ESCA is one of the most aggressive cancer types
globally [42], with its etiology poorly understood.
Many IncRNAs have been reported to be related to
various cellular processes involving proliferation,
invasion, migration in human cancers [43]. In the
current study, we intended to investigate whether



= NC mimics

a 15 == miR-3194-3p mimics
“6 *k*k
g * k%
=
3
O i
2F 59
ks
[9)
x
0-
Eca109 TE-1
= NC mimics
15 == miR-3194-3p mimics

Relative expression of mMRNAs

d e
D 4- § 1.5
E * % o
S 3 o
& 1= & 1.0
0 [7]
g 2- 8
a o
5 . 5 0.5
2 2
© © |
° 0— 2 0.0
O e N
Q/Q\ 'b'\Q ,\Q/
& <&
RS
d
PYGL: 5'acuaugaggcacuucCAGAGCu 3'

miR-3194-3p-Wt: 3'ugacggucacucgucGUCUCGa 5'
miR-3194-3p-Mut: 3'ugacggucacucgucACAGGAa 5'

Figure 4. PYGL is targeted by miR-3194-3p.

BIOENGINEERED (&) 6697

= NC mimics

- e X o
<z( 15— == miR-3194-3p mimics Eca109
[
1S
o 1.0
kel
§ % *
et * %%
S 0.5+ o
2
§ 0.0-
S I S - T R Ve V)
N N N R S 2) de) Q O O
o < < \3 % S N % S\ <
@) 5 X0 )
&L LY TS ¢
v o
PYGL
c .
Fold change: 2.46
= —_ p value: 0.0008
TE-1 S 6 . FDR: 0.0078
S . -
T
s B
o
[T
N
87 2
%
e % % 3 ;
c .
b= . .
2 : -
© & v o v B — g
¥ © & & 2 e
A 3 -
v 4
Cancer log2(FPKM)  Normal log2(FPKM)
=== sh-NC N=162 N=11
== sh-KCNMB2-AS1#1 f
== sh-KCNMB2-AS1#2 TE-1 TE-1
W e PYGL "=
W s GAPDH e
ik Eca109 Eca109
**k*
* kK - PYGL "=
* %|
W wge GAPDH DA SN
Ned R O ; .
Eca109 TE-1 & S &
& N » NI AT
éo & & Foo *_0%,&(
& F T
= Bjo-NC
h == Bio-miR-3194-3p-Wt

=== Bjo-miR-3194-3p-Mut

32— *k %
*% %
22
2L

2.0
1.5+
1.0+
0.5
0.0-

Relative enrichment of
PYGL

TE-1 Eca109

(@) The overexpression efficiency of miR-3194-3p in ESCA cells was detected using RT-gPCR. (b) Ten mRNAs were identified to be
targets of miR-3194-3p using the starBase database. RT-qPCR was performed to examine the expression of these ten mRNAs in ESCA
cells transfected with miR-3194-3p mimics or NC mimics. (c) PYGL expression in ESCA tissues (n = 162) relative to normal tissues
(n = 11) was predicted at starBase website. (d) RT-qPCR was used to assess the expression of PYGL in ESCA cells and normal
esophageal epithelial cells. (e) RT-gPCR was conducted to evaluate how KCNMB2-AS1 knockdown influenced PYGL expression in ESCA
cells. (f) PYGL protein levels in ESCA cells transfected with NC mimics, miR-3194-3p mimics, sh-NC, and sh-KCNMB2-AS1 #1/2 were
assessed by Western blotting. (g) The possible binding site of PYGL on miR-3194-3p is shown at starBase website. (h) An RNA
pulldown assay was carried out to validate the relationship between PYGL and miR-3194-3p. **p < 0.01, ***p < 0.001.



6698 J. XU ET AL.

a = \/ector c —e— sh-NC sh-NC
== PYGL s Sh-KCNMB2-AS1#1 —=—  sh-KCNMB2-AS1#1
10 ok 250 —+— Sh-KCNMB2-AS1#1+PYGL 250 ' ChBOHMBEASIREFNGL
_5 8 *kk . Eca109 —
%_, E 200 E 200
=D © 8 " 8 150 %
L g i g f
2 3 100 * 3100
5 [S £
o} 2 . a 50
r . g %0 o
0 Usi T T T
& I T | T
TE-1 Eca109 25 0 - 48 79
Time (h)
b d PN
e, 5 \ mmm sh-NC
- A == sh-KCNMB2-AS1#1
3 | 150 - === sh-KCNMB2-AS1#1+PYGL
e PYGL e~ 3 /
8 / 4 bl *%k
o W GAPDH Wi s " 5400d T = -
¢ @ & O g b
© ¥ & e T 2
i .\ & 50
= 1 5
E . r b2
3 - X . . ; 0
. Eca109 TE-1
sh-NC sh-KCNMB2  sh-KCNMB2-AS1#1
-AST#1 +PYGL
e m— sh-NC

Eca109 TE-1 == sh-KCNMB2-AS1#1
! = ) 7 == sh-KCNMB2-AS1#1+PY(

dkk

©
o

*%

(2]
o

Relative distance
of wound healing
N
o

20

o

Eca109 TE-1

sh-NC
sh-KCNMB2-AS1#1
sh-KCNMB2-AS1#1+PYGL

N
o
o

-
o
o

a
o

Number of migrated cells
I}
o

o

Eca109 TE-1

w— sh-NC
== sh-KCNMB2-AS1#1
150— == sh-KCNMB2-AS1#1+PYGL

*kk
*kk

100

50

Number of invaded cells

Eca109 TE-1

Figure 5. Overexpression of PYGL reverses inhibitory effects of KCNMB2-AS1 knockdown on ESCA cell behavior.

(a-b) RT-gPCR and western blotting were performed to detect the overexpression efficiency of KCNMB2-AS1 in ESCA cells. (c-d) CCK-8
assay and colony formation assay were conducted to detect ESCA cell proliferation in 3 groups: sh-NC group, sh-KCNMB2-AS1 group,
sh-KCNMB2-AS1+ PYGL group. (e) Wound healing assay was performed to assess cell migration in the above groups. (f-g) Transwell
assays were carried out to measure cell migration and invasion in the above groups. (h) Sphere formation assay was applied to assess
the sphere-formation ability of ESCA cells in the above groups. (i) Western blotting was used to evaluate the protein levels of cancer
stem cell markers (CD133, Nanog, Oct 4, Sox 2, and ALDH1) in ESCA cells in the above groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Continued.

KCNMB2-AS1 affects ESCA tumorigenesis, and
the key findings indicated that KCNMB2-ASI
facilitated ESCA cell proliferation, migration, inva-
sion, and stemness by targeting the miR-3194-3p/
PYGL axis.

The most canonical theory for the mechanism
of IncRNAs is that they serve as miRNA ‘sponges’,
acting as miRNA absorbers to specifically attenu-
ate miRNA abundance [9]. Many IncRNAs are
observed differentially expressed in ESCA and
their molecular mechanisms have been elucidated.
For example, IncRNA small nucleolar RNA host
gene 7 (SNHG?7) facilitates the growth and attenu-
ates apoptosis of ESCA cells by mediating p15 and
p16 levels [44]. LncRNA DEAD/H-box helicase 11
(DDX11) antisense RNA 1 (DDX11-AS1) silencing
significantly inhibits the proliferation, migration
and invasion of ESCA cells, and induces the level
of cell apoptosis through regulating the miR-514b-
3p/ring-box 1 (RBX1) axis [45]. LncRNA breast
cancer antiestrogen resistance 4 (BCAR4)
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knockdown induces cell apoptosis and G1/S arrest,
while represses cell proliferation and migration in
ESCA by sponging miR-139-3p to upregulate
ELAV like RNA binding protein 1 (ELAVLI)
[46]. Recent studies suggested KCNMB2-AS1 as
an oncogenic IncRNA in human cancers, for
instance, it was reported to facilitate cell growth
and motion, and repress apoptosis in nonsmall-
cell lung cancer [17]. In this study, KCNMB2-AS1
was discovered significantly upregulated in ESCA.
Furthermore, KCNMB2-AS1 knockdown inhibited
ESCA cell growth and motion, and KCNMB2-AS1
overexpression promoted ESCA cell growth and
motion, suggesting an oncogenic role of
KCNMB2-AS1 in ESCA. In addition, tumor cell
stemness is believed to be the cause tumor recur-
rence and metastasis, and the prevention of tumor
cell stemness can hinder the development of the
tumor to a certain degree [41]. Several IncRNAs
such as FMRI1 antisense RNA 1 (FMR1-AS1) [47],
small nucleolar RNA host gene 12 (SNHG12) [48],
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HLA complex P5 (HCP5) [49], fer-1 like family
member 4 (pseudogene) (FER1L4) [50] were
reported to regulate ESCA cell stemness.
Previously, knockdown of KCNMB2-AS1 was
also reported to diminish cell stemness in bladder
cancer [50]. Therefore, we also investigated
whether KCNMB2-AS1 dysfunction influences
ESCA cell stemness. We discovered that the
sphere-formation ability of ESCA cells was attenu-
ated and the protein levels of cancer stem cell
markers (CD133, Nanog, Oct 4, Sox 2, and
ALDH1) in ESCA cells were decreased after
KCNMB2-AS1 downregulation, suggesting that
KCNMB2-AS1 downregulation diminished ESCA
cell stemness. In contrast, ESCA cell stemness was
facilitated after KCNMB2-AS1 overexpression.
These finding are in consistent with that in the
previous study.

LncRNAs located in the cytoplasm can act as
ceRNAs by competitively binding with miRNA,
thereby influencing the expression of miRNA-
targeted genes [51,52], and play key regulatory
roles in the progression of human cancers [53].
In this study, KCNMB2-AS1 was detected mainly
located in cytoplasm, implying its role as a ceRNA
in ESCA. We identified that KCNMB2-AS1 bound
with miR-3194-3p in ESCA. MiR-3194-3p was
reported to suppress the tumorigenesis of human
cancers. For example, miR-3194-3p suppresses cell
invasion and growth by targeting AQP1 in breast
cancer [26]. MiR-3194-3p represses the stemness
and EMT of hepatocellular carcinoma cells
through targeting BCL9 [25]. Herein, we discov-
ered that miR-3194-3p level was elevated by
KCNMB2-AS1 knockdown in ESCA cell lines,
suggesting that KCNMB2-AS1 could affect ESCA
cell behaviors by interacting with miR-3194-3p.

To further investigate the ceRNA regulatory
mechanism, we examined the target genes of miR-
3194-3p. Bioinformatic analysis displayed that
PYGL was a candidate target of miR-3194-3p.
PYGL is a gene signature derived from head and
neck squamous cell carcinomas, which defines the
hypoxia ‘metagene’ [54]. PYGL is upregulated in
several cancers, such as seminoma, brain cancer
and papillary renal cell carcinoma, as shown at
Oncomine website (https://www.oncomine.org/).
In the previous study, increased PYGL levels were
analyzed to be linked with increased tumor size by

utilizing mouse model of breast cancer, suggesting
that PYGL participate in tumor progression [55].
Furthermore, PYGL depletion also decreases
growth rate of cancer cells, induces cell cycle arrest
and inhibits apoptosis in breast cancer, suggesting
its oncogenic role [55]. Then, in the present study,
PYGL was also found upregulated in ESCA. The
expression and protein level of PYGL were
decreased in ESCA cells after KCNMB2-AS1 down-
regulation or miR-3194-3p  overexpression.
Additionally, PYGL overexpression abolished the
inhibitory influence of KCNMB2-AS1 downregula-
tion on ESCA cell proliferation, invasion, migration
and stemness. Since KCNMB2-AS1 was discovered
to bind with miR-3194-3p and negatively regulate
its expression, we concluded that KCNMB2-AS1
facilitated ESCA development via binding with
miR-3194-3p and further upregulating PYGL
expression, which is in consistent with the previous
findings.

However, there were several limitations in this
study. First, further investigation on the potential
signaling pathways related to the detailed mechanism
regarding how KCNMB2-AS1 modulates PYGL
requires to be conducted in future studies. Second,
whether KCNMB2-AS1 promotes tumor growth
in vivo by targeting PYGL remains to be explored.
Third, the issue that KCNMB2-AS1 might have dif-
ferent effects on different stages of ESCA has not been
investigated in the current study. In future studies,
paired tissue specimens from patients with ESCA will
be collected, and the association between KCNMB2-
AS]1 expression and clinical characteristics (including
TNM stages) in ESCA will be explored.

Conclusion

To sum up, our findings indicated that IncRNA
KCNMB2-AS1 promoted cell proliferation, migra-
tion, invasion as well as cell stemness in ESCA via
targeting the miR-3194-3p/PYGL axis. This study
enhanced our understanding of the pathogenesis of
ESCA and demonstrated that KCNMB2-AS1 might
serve as a promising diagnostic biomarker and ther-
apeutic target for ESCA treatment.
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